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SUMMARY

The thymic anlagen appears in Tilapia mossambica at 2 days post hatching and
becomes lymphoid at 5 days. Lymphoid cells were first seen in the pronephros at 14 days
and in the spleen at approximately five weeks of age. Differentiation into red and white pulp
regions was seen by 10 weeks of age.

Light and electron microscopic studies of adult lymphoid organsrevealed increases in
size and lymphoid cell numbers. Adult thymus develops a clearer corticomedullary
differentiation of thymic corpuscles in the medulla and  the splenic red and white pulp
became more distinct. Melanomacrophage centres were seen in spleen and pronephros.

Adult fish gave primary and secondary antibody responses following challenge with
sheep red blood cells (SRBC), Escherichia coli (E. coli) and human gamma globulin
(HGG).

Plaque forming cell and immunocytoadherence assays revealed that head kidney and
spleen were major sites for antibody production and development of antigen reactive cells.
Proliferative activity in these organs was revealed using autoradiography and scintillation
counting. Increased levels of pyroninophilia were also seen following antigenic challenge.
Pilot studies on adults revealed that they were capable of rejecting first and second set
allografts and leucocytes from spleen and head kidney proliferated in mixed leucocyte
cultures.

Antibody responses to SRBC, E. coli and HGG develop at about 10 - 12 weeks of
age. Fry given either a single injection of SRBC at 10 weeks or two injections of the same
antigen at 10 weeks and 12 days later, failed to respond to a further challenge with SRBC 56
days after the first injection (A time when animals would normally respond positively to this
antigen). Injection of E. coli at the same times resulted in a prolonged antibody response.

Key Words: Immunity in Tilapia nzossambica
Histogenesis of lympoid organs
Ontogeny of humoral immunity
Tolerance
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CHAPTER 1

GENERAL INTRODUCTION

The specific immune system is one component of the protective system of all
vertebrates which enables the individual to survive and maintain its homeostasis in a hostile
environment. In other words the immune system of vertebrates protects them from cancer
cells and disease causing pathogenic micro-organisms, such as bacteria and viruses (Hood,
Weissman and Wood, 1978).

Immunity is an important physiological mechanism in all animals and in vertebrates it
can be divided into two types: innate immunity and adaptive immunity. The former
depends on innate defence mechanisms which are non-specifically operative against a wide
range of offending organisms which may enter the body. These defences include the
action of phagocytes, interferons and various naturally occurring substances such as
lysozyme, C-reactive protein, agglutinins and lysins. Adaptive immunity is an acquired
state and depends on the body's ability to respond adaptively and specifically against
particular offending organisms by producing specific reactive lymphocytes (cell-mediated
immunity) or circulating antibodies (humoral immunity) against them; the latter are protein
molecules also termed immunoglobulins. Both cell-mediated and humoral immunity are
present in the teleosts. The bony fishes with over 20,000 species are the largest and most
diverse vertebrate group and the Teleost; are the most numerous and highly-developed. As
masters of the aquatic environment, they are as diverse and highly specialised in their own
right as'the higher tetrapods are on land (Young, 1981). In keeping with their position as
the most highly advanced fishes (see Fig 1.1) teleosts exhibit a wide range of immune
responses.

The study of fish immunity began in the eighteenth century with the work of William
Hewson who was the first to describe "Lymphatic vessels" in a number of fish (Gulliver,
1846). He found that fish had no lymph nodes although he did not describe any other
lymphoid organs either. Detailed descriptions of fish immunity did not appear in any

number until after 1945, flowering in the 1960's with the growth of mammalian
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Fig. 1.1 Evolution of fish groups in relation to
the Animal Kingdom (from various sources,
after Young, Y.Z., 1981).
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immunology (Cushing, 1970). More recéntly the immune responses of the class Pisces or
Fishes have received additional attention. Knowledge of fish immunity is still expanding
and it appears that in many respects the immune system of fish may function in similar
ways to those of other vertebrates. Immunological studies of fish have been directed
towards examining basic evolutionary aspects of the vertebrate immune system, and
applied studies are currently being directed towards the provision of effective immunisation
schedules, in order to protect commercial fish stocks from the most common diseases.
Details of these studies have been reviewed by Ridgway, Hodgins and Klontz (1966),
Cushing (1970), Corbel (1975), Manning and Turner (1976), Ellis (1978), Ingram
(1980), Grace (1981), Secombes (1981), Botham (1982), and Ruglys (1985). A number
of recent conferences and symposia have also concentrated largely on aspects of fish
immunology (Manning 1980; Van Muiswinkel and Cooper, 1982; Manning and Tatner,
1985). |

The structure of lymphoid organs in vertebrates is very variable. Birds, for example,
have a unique lymphoid organ called the bursa of Fabric;{ls which is not found in other
animals. Fish, amphibians and most reptiles do not possess lymph nodes and even in
birds they are less complex than in mammals. In lower amphibians and fish there is no
bone marrow; and in hagfish, Eptatretus stouttii the pronephros is the only organized
lymphoid structure to be found. This most primitive vertebrate ‘lacks(on morphological
grounds) a definite thymus and spleen (Good and Finstad, 1967; Manning and Turner,
1976; Cooper, 1982). Since mammals are most frequently used in immunological
investigations and much of our current knowledge of immunity is derived from such
studies, it will be helpful at this stage to outline the major lymphoid organs of teleost fish
which are less familiar than their counterparts in higher vertebrates. Teleosts show the
most advanced level of lymphoid tissue development and organization of all fishes.

In fish the thymus exists as a paired organ located on either side of the head. It is an
opaque, white, bean shaped structure located in the superior corner of the branchial cavity,
under the operculum. The development of the thymus in fish has been described by
several authors (Deanesley, 1927 t0-1972; Hafter 1952), and the sequence of histogenesis

in relation to the other lymphoid organs has also been investigated (Sailendri 1973; Grace




and Manning 1980). It has been suggested that the fish thymus is a central lymphoid
organ (Ellis, 1978). Using the mammalian technique of 'in sizi’ thymic labelling, the
thymocytes of the rainbow trout, Salmo gairdneri Richardson, were successfully labelled
with 3TH thymidine. The migration of the cells to the peripheral lymphoid organs was
followed using autoradiography and scintillation counting and it was shown that twice as
many thymocytes migrated to the spleen, as to the kidney (Tatner., 1985).

Thymocytes, are similar throughout the fishes although thymic organization varies.
In Astyanax mexicanus there are cortical and medullary areas (Hafter, 1952) but in many
fish the morphology is undifferentiated as, for instance in the rainbow trout, Salmo
gairdneri (Grace, 1981). Young carp (Cyprinus carpio) have an undifferentiated thymus
but division into medulla and cortex has been observed in older animals (Botham, 1982).
Apart from thymocytes, other cells are present in the thymus including granulocytes
(Zapata, 1981; Chilmonczyk, 1983) and Botham (1981) found that plasma cells may be
associated with blood vessels. The outer membrane of the rainbow trout thymus is a
single epithelial layer in contact with the water. It has been suggested that this thin layer
offers very little protection for the thymus and may represent a source of entry of antigen
from the environment (Grace, 1981; Chilmonczyk, 1983).

The histogenesis of the lymphoid organs in rainbow trout, Salmo gairdneri (Rich
1836), has been studied by Grace and Manning (1980) who concluded that the embryo of
the trout already possesses the thymic rudiments 5 days pre-hatch at 14°C (Stage 28) when
haemopoietic foci are also present in the developing kidney. During the next week, active
lymphopoiesis takes place in the thymus and by staée 33 (5 days post hatch) the thymus is
clearly a lymphoid organ. In carp at 22°C £ 19C, the thymus first appears at 2 days post
hatching and becomes actively lymphopoietic by day 5 (Botham and Manning, 1981). In
Barbus conchonius at 23°C, the first appearance of lymphocytes in the thymus was noted
at 4 days post hatch (Grace, 1981), and Sailendri (1973) observed the appearance of
thymic lymphocytes from 6 - 8 days in Tilapia mossambica. In contrast in Salmo salar at
4 - 79C, the first appearance of lymphocytes in the thymus was at 22 days pre-hatch
(Ellis, 1977). Whilst the thymus of teleosts may be acting as.a primary lymphoid organ, a

number of authors have demonstrated the presence of plaque forming cells in the thymus
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of different fish. This suggests that in teleosts the thymus may also have the functional
characteristics of secondary lymphoid tissue (Ortiz - Muniz and Sigel, 1971; Sailendri and
Muthukkaruppan 1975).

In fish, the anterior portion of the kidney, which lies dorsal to the body cavity, is
predominantly lymphoid. The pronephros, or head kidney, is of major importance as a
lymphoid and haemopoietic organ. In Rutilus rutilus, Gobio gobio; and in rainbow troﬁt,
the head kidney can be distinguished from the middle and posterior kidney simply by the
reduction in the number of nephric tubules and increased numbers of lymphoid cells
(Zapata, 1979; Grace, 1981). The organ is well vascularized and the small blood vessels
are lined with reticular cells. Other cells that may be present include granulocytes, plasma
cells, and macrophages. Melanomacrophage centres are also present, as in spleen, but true
differentiation into red and white pulp is not observed. Erythroblasts are also to be found
in the pronephros, indicating its haemopoietic nature. There is considerable argument as to
the homolog.y of the pronephros with mammalian lymphoid organs but Zapata (1979) has
shown a histological resemblance to bone marrow. The morphology of the various
lymphoid organs in a range of fishes from cyclostomes upwards was studied in 1966, by
Good et al., whose studies revealed that the development of immunological capacity is
associated with the development of well organized lymphoid centres such as spleen or
thymus, and also with the appearance of plasma cells (antibody secreting cells). Sailendri

(1975) studied the origin, development and functional morphology of the lymphoid system

in Tilapia mossambica and found that neither gut associated lymphoid tissues nor lymph.
nodes were present at this level of evolution. However in Tilapia as in other teleosts,
there is good evidence that the spleen and head kidney are important sites of antibody
synthesis (Smith et al, 1967; Chiller et al, 1969; Pontius and Ambrosius, 1972; Sailendri,
1973; Manning and Turner, 1976).

Thé spleen in teleosts lies along the left side of the stomach as an elongated organ in
the body cavity. In early months it is an erythroid organ but gradually acquires a lymphoid
cell population and begins to differentiate to red and white pulp areas. The spleen has a
distinctive deep red colouration caused by erythrocytes which are its major cellular

component. Generally, the erythroid and lymphoid elements of this organ are largely
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divided into red and white pulp areas. However, carp has no such distinction into red and
white pulp regions (Botham, 1982). In Ruzilus rutilus and Gobio gobio, the erythroid

and lymphoid elements are largely divided into red and white pulp areas respectively
(Zapata, 1982). An intermediate stage is described by Grace (1981) for the rainbow trout,
where lymphocytes tend to congregate around splenic blood vessels. Melanin is often
associated with these accumulations and in Cyprinus carpio (carp), Rutilus rutilus, Gobio

gobio and other fish (Agius, 1984) these are termed melanomacrophage centres. In
Rutilus rutilus and Gobio gobio , one important feature of splenic lymphoid tissue is the

relationship between macrophages and lymphoid elemerts. Large macrophages often form
clusters with small lymphocytes blasts, and plasma cells where cellular junctions between
lymphoid elements and macrophages have been reported (Zapata, 1982).

The spleen is also a site of antigen trapping. The generation of memory cells and the
regulation of humorai immunity is thought to involve antigen trapping and retention in the
spleen and head kidney. The thymus of fish is not a major phagocytic organ (Ellis, 1974;
Ferguson, 1976; Grace, 1981), but fish are capable of trapping antigen in the spleen and
the lymphoid areas of the kidney, mainly the pronephros (Secombes and Manning, 1980;
Secombes et al., 1982). Soluble antigen can be detected in the ellipsoid sheaths which
surround the splenic capillaries and appears to be trapped extracellularly. Cellular antigens
appear to be engulfed by macrophages both in the ellipsoids and within the splenic red
pulp. On secondary injection, antigen trapping is much more rapid in both spleen and
pronephros and this may indicate that the trapping of antigen is dependent upon the
presence of specific antibody. Recent studies by Secombes and Resink (1984) have
shown that injecting antigen-antibody complexes results in good memory formation.

Clusters of pyroninophilic cells also appear in lymphoid organs during immune
responses, and seem to be a prerequisite for good secondary responses. It is possible that
these cell clusters are the analogues of the higher vertebrate germinal centres. These cells
disappear with time to be replaced by cells which often contain pigments. Secombes and

Manning (1982) thought that these may become melanomacrophage centres which can

influence lymphocyte populations.
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The histogenesis of the lymphoid organs in rainbow trout, Salmo gairdneri (Rich,
1836) has been studied by Grace and Manning (1980). They found that the splenic
anlagen is first seen at 3 days post hatching but the spleen is slow to become lyﬁuphocytic.
It remains erythroid with no division into red and white pulp, until 25 days post hatching.
The spleen first appears at day 5 in Cyprinus carpio (carp) but it develops more slowly
than the kidney and remains predominantly erythroid for several months (Botham and
Manning, 1981). Studies on Barbus conchonius by Grace (1981) revealed that the
spleen first appears at 7-days post-hatching, however, Sailendri (1973) found that
lymphocytes appeared in the spleen of Tilapia mossambica between 30 to 80 days of age,
and in Salmo salar, the spleen only becomes lymphoid at 42 days post hatching (Ellis,
1977).

Following antigenic challenge, cell-mediated immunity in mammals involves the
clonal expansion of sensitized T-lymphocytes which have antigen specific receptor
molecules on their surface. These T-cells (thymus-derived) are the effectors of
cell-mediated immunity. This is manifested in a number of ways including the ability to
reject tissue transplants from genetically dissimilar donors. Allograft rejection has been
well studied in fish. The lower orders of fish show longer rejection times than do the more
advanced teleosts, but second set grafts are rejected in an accelerated manner, indicating a
true anamnestic response. The evolutionary trends in transplantation immunity in fishes
have been reviewed by Good and Finstad (1964), Hildemann (1972b), Manning and
Turner (1976). The ability to reject foreign tissue grafté is already present in the hagfish
and lampreys of the class Agnatha, which are considered to be the most primitive living
vertebrates (Hildemann and Thoenes, 1969). These rejected foreign grafts slowly, and
second set grafts were rejected more quickly, showing this to be a true immunological
response. The same picture of slow rejection of initial skin grafts is also characteristic of
the sting rays and sharks (Chondrichthyes). Among the primitive bony fish, as
examplified by the paddlefish and arowana, a transition from slow to rapid elicitation of
transplantation immunity is-evident (Finstad and Good, 1966). Advanced bony fish,
without exception, all show acute rejection of first set grafts and accelerated rejection of

second set grafts, with a vigorous cellular immune response equal to that of many
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mammalian laboratory animals. This is suggestive of the presence of a major
histocompatibility system coding for products analogous to mammalian class I MHC
antigens.

The allograft response in fish has been studied extensively in a number of species.
Most investigators have studied the response to transplanted scales (Rijkers & Van
Muiswinkel, 1977; Hildemann, 1960, 1962; Hildemann & Cooper, 1963; Triplett &
Barrymore, 1960; Sailendri, 1973) using the technique first described by Mori in 1931.
Other workers have transplanted skin (Botham, Grace and Manning 1981; Tatner and
Manning 1983; Hildemann and Thoenes 1969; Perey, Finstad, Pollara and Good 1968)
and whole fin transplantation has also been carried out (Kallmann and Gordon 1958;
Egami and Kukita 1969). In all cases, fish showed a typical immune response, they reject
first set grafts at varying time intervals, which are thought to be dependent on the immune
capabilities of the host, although the rejection time is also very temperature dependent
(Hildemann 1956a, 1956b; Triplett and Barrymore 1960; Reid & Triplett 1968; Sailendri,
1973). Graft rejection in fish is similar to that observed in mammals. Typically, skin
autografts and allografts are indistinguishable for several days after grafting. Host
epidermis grows over the skin aﬁd revascularization takes place throughout the graft bed.
Autografts continue to heal and retain full pigmentation. In allografts, lymphocytic
invasion commences soon after grafting, breakdown of the dermal layer of the graft is seen
after peak invasion, and melanin pigmentation is progressively lost from the graft.
Complete rejection is assessed by the absence of melanin pigmentation from the graft.

Sailendri (1973) has shown that 11/2 month old Tilapia mossambica rejected grafts
more slowly than did the adults, but by 41/2 months old, the rejection times were similar to
those of adults. In 1980 and 1981 Botham, Grace and Manning studied the histological
pattern of first and second set allograft rejection in the rainbow trout, Salmo gairdneri and
the mirror carp, Cyprinus carpio. Their ontogenetic studies showed that trout as young as
14 days post-hatch, and carp at 16 days post-hatch were capable of eliciting an allograft
response. However, in both cases the number of lymphocytes invading the graft area was
fewer than that seen in older fish and rejection times were somewhat slower. The ability to

respond to foreign tissue grafts was correlated with the presence of a morphologically
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mature lymphoid population in the thymus and the kidney, and the presence of circulating
lymphocytes.

The role of the thymus in transplantation immunity in fish has not yet been fully
elucidated. The earliest experiments on thymectomy in fish were Sailendri's studies in
1973 on Tilapia mossambica and those of Jayaraman, et al., (1979), also on Tilapia.
Sailendri's experiment showed that while adult thymectomy had no effect on allograft and
antibody responses, the removal of the thymus in young adults at the age of two months
completely abolishes the antibody response to SRBC. If thymectomy was performed at
the age of 4 months, a prolongation of survival of scale allografts was observed (Sailendri
and Muthukkaruppan, 1975). Thymectomy in adult trout had no effect on the allograft
response, but thymectomy at 2 months of age gave rise to impaired graft rejection one
month later (Grace, 1981).

In addition to tfxeir role in graft rejection, mammalian T-lymphocytes are also known
to be involved in a number of other immunological activities. Thus, they are responsible
for controlling the immune response in their caﬁacity as helper or suppressor cells, and
they also secrete a number of soluble molecules called lymphokines which influence the
behaviour of other cells of the immune system (Dumonde, 1969). These effects include
delayed hypersensitivity reactions such as the production of migration inhibitory factor
(MIF) which prevents migration of macrophages in culture. Several authors have
demonstrated cell-mediated immunity in fish by the degree of inhibition of macrophage
migration in-vitro. Thus, levels of plaque forming cells and cell mediated immunity to
sheep red blood cells (as assessed by the MIF assay) in Tilapia mossambica were found to
be inversely proportional depending on the amount of antigen injected (Muthukkaruppan
and et al., 1979). Cell suspensions from carp which contain relatively few macrophages
also demonstrate inhibition of migration in vitro, and the magnitude of the response is
antigen dose dependent (Secombes, 1981). A holostean fish, the gar, also exhibits -
macrophage migration inhibition (McKinney et al., 1981), and a cell free extract from
stimulated lymphocytes was found to be capable of inducing morphological changes in
salmon macrophages (Smith and Brown-Nesje, 1982). Grondel and Harmsen, 1985 have

also reported that carp leucocytes can produce, and release growth factors with similar
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characteristics to mammalian Interleukins. Such immunoregulatory factors may play an
important role in the immune responses of fish.

The mixed leucocyte reaction MLR has been interpreted as an in-vitro analogue of the
allograft response. In mammals, strong MLR's have been shown to be associated with
major histocompatibility complex (MHC) incompatibility, and to obey the laws of
transplantation (Bach, 1967) and Dutton (1966). Bony fish appear to possess strong
histocompatibility antigens as evidenced by acute rejection of first set grafts (Hildemann,
1970; Borysenko, 1976). Positive MLR has so far been successfully demonstrated in a
number of species including salmon, trout, blue gill and carp (Ellis, 1977; Etlinger,
Hodgins and Chiller, 1977; Caspi and Avtalion 1984) . Negative results were obtained in
catfish and snappers (McKinney and et al., 1976) as well as in the holostean gar, even
though these bony fish also reject first set allografts in an acute manner (McKinney,
McLeod and Sigel; 1981). In mammals strong MLR's are associated with Class II
antigens coded for by the MHC (Klein, 1977). Another phenomenon associated with the
products of this genetic region is the graft-versus-host reaction, which has also been
described in fish by Wright and Cooper (1982).

Fish lymphocytes also undergo transformation when exposed to mammalian T and B
cell mitogens. In mammals phytohaemagglutinin (PHA) and concanavalin A (Con A)
activate T-cells, where as lipopolysaccharide (LPS) is known to stimulate B-cells.
Lymphocytes from rainbow trout and plaice respond to both PHA and Con A (Bognor,
19755. Etlinger, Hodgins and Chiller (1976 a,b,c and 1978) found that in trout, cells from
the thymus responded to Con A but not LPS in culture. Cells from pronephros responded
well to LPS but splenocytes gave good responses to both mitogens - perhaps suggesting
the presence of B and T-cell populations.

The humoral immune response involves the production and release of specific
antibody into the blood and other body fluids following antigenic stimulation. In -
mammals, the antibodies are produced by host 'B' lymphocytes which on contact with
their specific antigen, and appropriate 'help’ from T-lymphocytes and antigen presenting
cells, divide and differentiate to form a cloﬁe of antibody secreting plasma cells. Some

lymphocytes became 'memory cells' following antigenic challenge, and the individual may
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then be immune to further attacks. All vertebrate species studied so far are capable of
producing specific antibody. hnmuﬁological memory is also evident (Manning, 1980).

In 1948 Bisset was the first to show the existence of specific agglutinating antibody
in perch. He also demonstrated the temperature dependency of the antibody response in
fish and showed that no antibody production occurred below a certain critical temperature.
This temperature varied according to the species, and was related to the normal temperature
range of their environment. More recently, Avtalion et al., (1973), have shown that it is
the induction phase of the primary response which is temperature dependent, and not the
antibody release from the plasma cells. The ectothermic nature of fish makes them
dependent upon the water temperature for the speed of biochemical reactions. The immune
response is so affected and lower temperatures delay the peak of antibody production from
8 days at 24°C, to 49 days at 12°C in Cyprinus carpio, but the magnitude of the response
was unaffected (Rijkérs, 1982). The route of administration of antigen is also important in
determining the magnitude of the response; Rijkers et al. (1980a)\ have shown that
intramuscular immunisation in Cyprinus carpio is more effective than the intravenous
route.

Fish only possess antibody of the IgM class in contrast to mammals which have five
classes of immunoglobulin. Such diversity as does exist amongst fish immunoglobulins
is based upon differences in heavy chain length or the degree of polymerization of the basic
four chain IgM unit. In elasmobranchs and chondrosteans 7S and 19S immunoglobulins
occur; in holosteans a 19S form is predominant; and in teleosts both 7S and 19S forms
occur. Serum IgM in the chondrichthyes is pentameric in form whereas in the Teleostei it
is tetrameric (Ambrosius et al., 1982; Jurd, 1985). Ambrosius et al. (1982) demonstrated
that the sIg on lymphocytes of carp is a 7S IgM. On thymocytes of the same species the
membrane Ig also cross reacts extensively with the constant region of the IgM heavy chain.
The possibility of novel Ig classes in fish has been raised by Clem (1971) who reported -
that the teleost Epinephelus itaira has an IgM molecule with a deleted M chain. Marchalonis
(1969) also reported that the dipnoan Neoceratodus forsteri possesses an Ig molecule

(IgN) with a sedimentation coefficient of 5.98S.

- 24 -



Antibody production in mammals is dependent upon cellular co-operation between
T-lymphocyte subsets and B-cells. Hapten carrier studies have been carried out on a
number of fish species and would seem to indicate that helper cell populations may exist in
teleosts as in mammals (Stolen and Makela, 1975; Ruben et al., 1977; Yocum et al.,
1975). Whether helper cells are truly thymus dependent in fish remains to be established.
Immunological tolerance is the inability of an animal to generate an immune response
against a specific antigen whilst making normal responses against other antigens. From
studies on mammals, it is clear that there are a number of different factors which affect the
induction of immunity or tolerance. Amongst these are the state or age of the lymphon,
antigen size and presentation and antigen dose (Roitt, Brostoff and Male, 1985). Recently,
attention has turned to the question of whether suppressor cells exist in fish. Avtalion and
co-workers have demonstrated immunosuppression or tolerance in fish given high doses
of antigen and held at low temperatures (Serero and Avtalion, 1978; Wiskkovsky and
Avtalion, 1982). Early exposure to antigen in young fish may also result in tolerance
during later life (Secombes, 1981; Van Loon et al., 1981, Mughal and Manning, 1985).
There have also been reports to suggest that tolerance may be induced in adult fish (Lopez
et al., 1974; Serero and Avtalion, 1978; Avtalion et al., 1980; Manning & et al., 1982).
Recently, Ruglys (1985) has demonstrated that immunosuppression may be brought about
in adult carp folloWing exposure to hapten ('frinitrbphenol TNP) modified self
erythrocytes. Whether a discrete category of (T) suppressor cells exists in fish is not yet
known but it may be inferred that in teleosts, as in mammals, the immune response is
controlled by interacting lymphocyte subsets. In mammals cellular cooperation in the
immune response is associated with class II regions of MHS and the same may also be true
in fish. The production of monoclonal antibodies specific for surface determinants of fish
thymocytes provides new possibilities for the recognition of cell subpopulations in teleosts
(Secombes et al., 1983a; 1983b).

In addition to their well developed adaptive immune responses, teleosts also possess
a range of non-specific or innate defence mechanisms. Many may be of particular
importance as a first line of defence against pathogenic intrusion e.g., mucous semeﬁon by

the skin may prevent the attachment of unwanted ectoparasites, bacteria and fungal spores
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(Pickering and Willoughby, 1982). Many of these more primitive defence mechanisms
may be especially important at low temperatures when the adaptive immune response is
slow or suppressed, or may have an important role to play during early life before the
immune system is fully developed (Grace et al., 1980).

Teleosts possess natural haemolysins in their serum which are capable of lysing
foreign red cells (Chiller & et al., 1969), they also possess haemagglutinins (Bezkorovainy
et al., (1971). The function of these serum components is not clear but they may react to

common surface carbohydrates on foreign cells. A number of authors have described the

presence of o-precipitins in the serum of teleost fish which seem to react non-specifically

to fungal extracts of the pathogenic Saprolegniales (Davies and Lawson, 1982; Alexander,
1980 to 1982; Wilson, 1976; Hodkinson and Hunter, 1970). However, Ellis (1985) has

questioned the significance of o-precipitins. His work suggests that they may be

" artifactual products caused by enzyfnatic breakdown of fish serum components by the
proteases present in fungal extracts used as antigen. Other non-specific defence
mechanisms found in teleost include phagocytes (Grace et al., 1980; Ellis, 1978;
MacArthur and Fletcher, 1985) which are particularly important in the removal of
particulate foreign matter. Besides lymphocytes, fish also possess most of the white blood
cell types described in mammals. However, this classification is restricted to their staining
characteristics and not necessarily their function. Cells with phagocytic activity in fish
include monocytes, macrophages and neutrophils. The structure and function of fish
leucocytes has been reviewed by Ellis (1977a).

Fish also possess lysozyme which is a hydrolytic enzyme with bactericidal activity
found in mucus and serum (Fletcher and White, 1973; Fé'nge’et al., 1976). Interferon haé
also been demonstrated in rainbow trout (Dorson and de Kinkelin, 1975) and may be
involved in preventing viral replication in host ceils. C-Reactive Protein (CRP) is a
protein associated with inflammatory reactions in mammals and appears to bind to
phosphocholine containing inolecules which are widely distributed in nature. White et al.,
(1981) found that levels of CRP in plaice increase rapidly following exposure to bacterial
endotoxins; Fletcher (1982) has suggested that the binding of CRP onto foreign material
may provide some form of prOtecﬁéh whﬂst specific antibodies are being synthesized. |



Fish have a well developed complement system which is capable of lysing foreign
cells in the presence of complement fixing antibody. There is evidence that complement in
fish shows interspecific variation since Chiller et al. (1969) found that only salmonid
complement was effective for rainbow trout antibody. This finding was borne out by
Rijkers et al. (1980) who found that only complement from closely related species would
lyse erythrocytes in the presence of carp antibody. Fish complement appears to be more
heat labile than its mammalian counterpart and is inactivated at 45°C. Besides its lytic
activity, mammalian complement is also involved in a range of other biological activities
including opsonisation, chemotaxis, inflammation and anaphylaxis (Roitt et al., 1985),
although it is not known to what extent these activities are represented in the immune
responses of fish. In catfish, there is some evidence to suggest that the alternative pathway
of complement activation is important in the lysis of Salmonella paratyphi (Ourth and
Wilson, 1982). |

In conclusion, it would appear that the teleosts have acquired an effective immune
system which incorporates many of the features seen in those of higher vertebrates. The
lack of sophistication seen in some facets of teleost immunity has clearly not provided an
undue obstacle to their evolutionary success.

Ontogeny presents an opportunity to study and understand the generation of antibody
diversity. These early developmental stages are also crucial to the establishment of "self
and non-self" recognition and offer opportunities for the study of immunological tolerance
and the generation of major histocompatibility complex (MHC) restricted interactions.
Finally, knowledge of the primary differentiation of lymphocytes in normal individuals
may be of importance in understanding the mechanisms at work in immunodeficiency. In
many of these areas, studies utilizing amphibians have become increasingly important in
recent years (Du Pasquier, 1982; Arnall and Horton, 1986). The free-living nature of the
embryonic or larval stages of fish also allows them to be utilized for studying ontogeny,
but in contrast to mammals and amphibians less is known about similar events in fish.
Recent studies however, have begun to redress the balance at least as far as ontogeny of
lymphoid organs is concerned, and one of the aims of the work presented here is to add to

the knowledge of early development of the fish immune system.
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To this end, Chapters 2 and 3 are concerned with examining the ontogeny and
development of the major lymphoid organs in the teleost Tilapia mossambica. Although a
similar study has been carried out by Sailendri (1973) it was important to establish
whether or not the detailed events of ontogeny were similar in fish raised under different
laboratory conditions. The structure of the developing lymphoid organs is compared to
those of the adult fish, and an attempt was made to study ultrastructural details of these
organs in Chapter 3. In Chapter 4, attention is focussed upon the immune response of
Tilapia to a range of different antigens. These include cellular antigens in the form of
xenogeneic erythrocytes and bacteria and a soluble antigen (Human gamma globulin) was
also used. The primary and secondary responses to these antigens are studied, and a
comparison made between the immune response of young (10 week old fry) and adult
fish. The effects of early exposure to antigen on the immune response in later life are also
examined. Chapter 5 takes the form of a general discussion of the work presented in this

thesis and raises some possibilities for future studies.
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CHAPTER 2

ONTOGENY OF LYMPHOID ORGANS IN TILAPIA MOSSAMBICA

2.1 INTRODUCTION

In order to fully understand the processes involved in immunological maturation, it is
necessary to acquire information about the development of different lymphoid organs and
tissues. Thus, in recent years there has been increased emphasis on developmental aspects
of immunity in lower vertebrates. Amongst reptiles, for instance, the maturation of
immunological capacity in relation to lymphoid differentiation has been studied in the lizard
Calotes versicolor (Kanakambika, 1971; Kanakambika and Muthukkaruppan, 1972,
1973). Of all the léwer vertebrates, the amphibians have received the most attention and a
detailed picture of immunological events during amphibian ontogeny is now available (Du
Pasquier, 1982). In 1970 Du Pasquier studied the ontogeny of the spleen in Alytes
obstetricans, and found that even if it contains as few as 500 - 1000 cells, there is always
one cell able to react with a specific antigen. Amphibians are particularly attractive models
for the study of ontogenic events since their larvae are free living and are amenable to a
range of experimental manipulations during early life. Early thymectomy has a suppressive
effect on allograft reactivity (Horton and Manning, 1972; Horton and Horton, 1975;
Rimmer and Horton, 1977). Turner and Manning (1974) also reported that specific
antibody responses of both IgM and IgG type were inhibited in Xenopus laevis following
early thymectomy. Du Pasquier and Horton (1976) demonstrated the lack of MLR and
PHA responsiveness in thymectomized Xenopus after early thymus removal.

In adult fish, the lymphoid organs of several species have been described in detail e.g.
Sailendri and Muthukkarruppan (1975) for Tilapia mossambica, and Smith (1970) for the
pronephros of the carp, Cyprinus carpio. Zapata (1979) has performed electron microscope
studies, on the fish pronephros, thymus and spleen. Fange (1968) gave a general account
of the lymphomyeloid tissues and white blood cells of fish and concluded that whilst a

thymus had not been found in adult Myxine glutinosa (hagfish), it is present in young
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stages and involutes as a rule with age. However in certain elasmobranchs, in ganoids and
in Chimaera monstrosa the thymus shows little or no age involution (Good et al. 1966,
Fange and Sundell, 1968).

Until recently however, studies on the ontogeny of lymphoid organs and the
emergence of immunocompetence in fish have been relatively scarce. This is perhaps
surprising when one considers that the maturation of the immune system takes place
post-hatching and, like amphibians, fish have free-living embryonic and larval stages which
are readily available for experimental study during early development. Part of the reason for
this neglect may be that fish are relatively difficult to thymectomize when compared to larval
amphibians.

Studies over the past decade however, have now begun to provide information on the
ontogeny of lymphoid organs in a number of fish species e.g. Denton and Yousef (1976)
have plotted the growth of the spleen in the first 14 months of life in the trout. The growth
of the lymphoid organs in rainbow trout, Salmo gairdneri from one to fifteen months of age
was studied by Tatner (nee” Grace) in 1983 and the earlier development of the lymphoid
organs of the same species has been described by Grace and Manning (1980). Manning,
Grace and Secombes (1982) have reviewed details of the functional development of the
immune system in fish. They reported that, as in other vertebrates, the thymus is the first
lymphoid organ to develop in fish. Studies on the ontogeny of immunocompetence in fish
were also made by Sailendri (1973) on Tilapia (Sarotherodon mossambica); by Ellis (1977)
on Salmon (Salmo salar); by Rijkers and Van Muiswinkel (1977) on the rosy barb (Barbus
conchonius) ; and by Bly (1984) on (Zoarces viviparus). Details are also emerging of the
ontogenic development of immune functions such as alloimmune reactivity (Botham and
Manning, 1981; Sailendri, 1973; and Botham, Grace and Manning, 1980); mixed leucocyte
reactivity (Ellis, 1977); humoral antibody production (Paterson and Fryer, 1974; Khalifa
and Post, 1976; Secombes, 1981); and the appearance of surface immunoglobulin on
lymphoid cells (Ellis, 1977; Van Loon, Van QOosterom and Van Muiswinkel, 1981). Other
studies have charted the ontogenetic appearance of immunological reactivity to
thymus-dependent and thymus-independent antigens (Secombes, 1981; Etlinger, Chiller

and Hodgins 1979) and the influence of age and lymphoid organ development on tolerance
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induction (Manning, Grace and Secombes, 1982; Mughal and Manning, 1985).

The present study seeks to extend and add to earlier observations on the histogenesis
of lymphoid organs in teleost fish. In this chapter the sequential development of the major
Jymphoid organs of Tilapia mossambica are examined by light microscopic studies and a
comparison is made with the fully differentiated structure of these organs in the adult fish in
Chapter 3. Particular attention is given to the stages at which the thymus, spleen and head
kidney first became lymphoid and the subsequent differentiation of these organs is

described.

2.2 MATERIALS AND METHODS

Eggs were obtained from Stirling University, Institute of Aquaculture, and fixed in
Bouin's fluid from the day of hatching to 10 days post hatching [Eggs of Tilapia take from
60 to 72 hours till hatching].

Fry of 10 days post-hatching were also obtained from the same place for rearing in the
laboratory. Fry and eggs were maintained in 6 litre tanks and the water temperature
maintained at 22°C. They were fed with artificial diet, trout pellets (ground pellets) from 12
days post-hatching onward.

From day 11 post-hatching till day 16 post-hatching, 3 fry were sacrificed daily. Each
fry was weighed, measured and fixed in Bouin's fluid for wax embedding and
Haematoxylin and Eosin staining. Serial longiiudinal sections were cut at 8§ microns and
were supplemented with transverse sections in some ages. From day 17 post-hatching
onwards 3 fry were sacrificed 3 times a week for a further 8§ weeks in order to cover the
whole experiment.

In all, about 120 fry were sectioned and examined to investigate the appearance of
thymus, pronephros (head kidney), kidney and spleen as lymphoid organs. [Details of
mean weight, length and width of each fry are seen in Table 2.1].




2.3 RESULTS

Histogenesis and Development of the Lymphoid Organs

(a) Thymus

The thymic anlagen was first visible above the second and third branchial arches at 2
days post-hatch (Fig. 2.2). At this time it was seen to be more than one cell layer thick and
closely attached to the branchial pouches. Although not obviously lymphoblastic, the cells
did not appear to be typically epithelial and 'are close to the operculum (Fig. 2.3).

By day 4 post-hatch (Figs. 2.4 & 2.5) the number of cells present had markedly
increased and became larger with lightly staining cytoplasm and darker cytoplasmic
inclusions. Their overall appearance was suggestive of lymphoblast-like cells. The thymus
did not possess an encapsulating membrane at this time, but fibroblast-like cells observed in
the vicinity of the organ appeared to form a capsule around it later on. The thymic rudiment
increased rapidly m size and cell number and, in time, became detached from the pharyngeal
epithelium.

At 8 days post-hatching (Fig. 2.6) the thymus had extended anteriorly so that it could
be seen to extend in front of the opercular flap. At this stage the individual cells were more
easily distinguished and more loosély packed. The thymus appeared to leave a clear
passage at its border with the gill pouch at 9 days post-hatching (Fig. 2.7) and it became
much larger and covered by a single layered epithelial capsule. Here, cells in the centre of
the organ were smaller and more darkly staining, although they were still immature
lymphocytes. Cells at the periphery of the thymus were obviously larger than those nearer
the centre, and this larger cell type was also visible in the extra-thymic tissue.

Dorsally, there was a small break in the centre of the organ and here large thymoblasts
which were in direct contact with the surrounding tissue were seen. After this time, the
organ increased more and more in size due to division and active mitosis, and in the dorsal
part of the organ connective tissue was clearly visible. Separation of the thymus from the
gill pouches took place from about 8 days onwards. From four to five weeks of age
lymphocytes of the thymus appeared to be clumped into groups separated by connective

tissue. At this stage no clear division into cortex and medulla could be seen, although such
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a division was noticed in older animals of 5 weeks of age. No distinct change in the
structure of the thymus was seen after this time, although the overall size of the organ and

the number of different cells, including lymphocytes, increased during the first months of

life .

(b) Kidney

Kidney tubules were present as early as 48 hours after hatching (Fig. 2.8) at the same
time they ramify in the pronephric region. At this stage, some cells could be seen between
the tubules including mature erythrocytes and cells which were classified as haemopoietic
stem cells. 'By day 5 post-hatch (Fig. 2.9) the tubules in the pronephric region had become
more noticeable and an increase in the amount of intertubular tissue was also observed.
Undifferentiated stem cells were still present in the kidney 6 days after hatching (Fig. 2.10)
but together with these, smaller, more darkly staining cells were seen, which may have
been differentiating cells of the lymphoid line.

A noticeable increase in intertubular haemopoietic tissue occurred by 7 days post-hatch
(Fig. 2.11) much of this consisting of differentiating lymphoid cells. Mature lymphocytes
were seen in the blood vessels of the kidney and in the intertubular tissue itself at this time.
The pronephric region exhibited perhaps the greatest increase in intertubular tissue and the
tubules were displaced laterally by its expansion.

By day 30 post-hatch or between four and five weeks old, the intertubular tissue in the
pronephric region had increased and surrounded the blood sinuses (Fig. 2.12). Many
mature lymphocytes were seen both in this area and in the intertubular area of the
mesonephros, thereby marking the stage at which the pronephros becomes modified into a
lymphoid head kidney (Fig. 2.13).

As the fish developed, the pronephric tubules were lost, leaving only those of the
mesonephric region. However, the pronephros retained its haemopoeitic and lymphoid
tissue, which was also found in the intertubular area of the mesonephros. Both thymus
and head kidney are shown in (Fig. 2.14). Small numbers of lymphocytes were

sometimes seen in the connective tissue between the two organs.
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(c) Spleen
The spleen was first seen 5 days post-hatching (Fig. 2.15) when it appeared as a

small, encapsulated organ still closely attached to the dorsal mesogastrium.

By 6 days post-hatch (Fig. 2.16) reticular cells were present and the cells appeared to
be more tightly packed than at earlier stages of development. Connective tissue was also
visible between the cells. At earlier stages of spleen development more than one cell type
could be distinguished, erythrocytes were clearly visible as were large lightly staining cells
similar to those seen in the developing kidney (Fig. 2.17). Mature lymphocytes were first
visible in the spleen from 35 days post-hatch although organization of the cells into red and
white pulp areas was not seen. The organ itself became more elongated in shape at this
time. After this stage the spleen continued to increase in size, but even in the adult fish, it
remained largely erythroid.

In late post larval stages (70 - 80 days) future red and white pulp were distinguished,
the latter being lighter staining. From this stage onwards the spleen appeared to be a mature
lymphoid organ with well defined red and white pulp. More details on adult spleen are

given in Chapter 3.

2.4 DISCUSSION

All species of fish studied by previous researchers showed the same sequence of
development, the thymus developing first followed by the pronephros and then the spleen.
The thymus and the kidney are the most important lymphoid organs in young fish, and |
moreover (as in other vertebrates) the thymus is the first organ to become lymphoid.
(Manning 1982). In 1980, Grace and Manning observed that the thymus of Salmo
gairdneri starts its development at 3 days post-hatching as a thickening of the epithelial
tissue in the dorso-anterior part of the pharynx and also that the thymus was separated from
the pharyngeal cavity by only a single layer of epithelial cells at 5 days pre-hatching at
149C. In rainbow trout, the embryo already possesses the rudiments of a thymus, and at

5 days post-hatching the thymus is clearly a lymphocytic organ. In the present study the
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thymic anlagen is first visible at 2 days post-hatching and at this ime, haemopoietic foci are
present in the kidney. As the thymus increases in size, so its cell number increases and
individual cell size decreases, presumably due to maturation division, by day 8 mature
lymphocytes are the predominant cell type. These findings differ from those of Sailendri
(1973) who noticed a pair of thymic rudiments at 1 to 2 days before hatching - slightly
earlier than in the present study.

This apparent difference in the timing of thymic development may be explained by
temperature differences. It is possible that Sailendri's fish were maintained at a higher
temperature than those used in this study. Although she states that fry were maintained at
room temperature (Sailendri, 1973) this may be quite high in India where the work was
carried out.

" The number of thymic lymphocytes were very small in sections of fry studied at 8
days but they are quite clear and the thymic rudiment is still in contact with the third and
fourth branchial pouches, this coincides with Sailendri's result in 1973. From 9 days
post-hatching onwards there is a gradual increase in the numbers of lymphocytes and
differentiation of cortex and medulla was observed in both my study and that of Sailendri's.
From 6 days post-hatching the thymus appeared to contain fully differentiated lymphocytes
and at all stages of the life history of the thymus it remains separated from the pharyngeal
cavity by only a single layer of cells. In other oviparous species the thymus becomes
lymphoid from as early as 22 days pre-hatch in Salmo salar (Ellis, 1977b) to as late as 7+
11 days post-hatch in Astyanax mexicanus (Hafter,1952). In contrast, differentiation of the
thymus in viviparous species occurs much earlier - as early as 3 months pre-parturition in
Zoarces viviparus where the gestation period is approximately 4 months (Bly,1984). In
carp at 22 * 19C, the thymus first appears at 2 days post-hatching and becomes actively
lymphopoietic by day 5.

Sailendri and Muthukkaruppan (1975a) noticed that the cells at the periphery of the
thymus tended to be larger, whilst those located centrally were smaller. This observation
was confirmed in the present study and furthermore, studies in Chapter 4 using tritiated
thymidine would suggest that these larger peripheral cells are actively dividing. Similar

findings have been reported for other vertebrate groups including mammals (Clark, 1968)
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and amphibians (Charlemagne, 1974; Rimmer, 1977). The thymus retains its initial
superficial position throughout development. A similar situation has been noticed in young
rrout, (Grace & Manning 1980) and in Salmon, (Ellis 1977b) thymocytes are seen outside
the thymic capsule whilst the thymus is still actively lymphopoietic and the majority of the
cells are immature.

The origin of thymic lymphocytes in fish has been of interest for mahy years. The
idea that stem cells from other sources moved to the thymus and ultimately gave rise to
lymphocytes was put forward by earlier workers (Hill, 1935; Hammar, 1909). However,
others concluded that lymphoid cells were derived by division of the pharyngeal epithelium.
Beard (1902) and Deansley (1927) suggested that, in Sa/mo fario, lymphoid elements were
derived by division of the pharyngeal epithelium whilst other constituent tissue of the
thymus was obtained by immigration from the surrounding tissue. The present study did
not provide any experimental evidence to support either argument. Although ‘thymocytes'
ére seen outside the thymus during development, their place of origin and ultimate
destination cannot be ascertained.

As haemopoietic tissue is present in the kidney at a very early stage of development,
the suggestion of Ellis (1977b) that haemopoietic stem cells migrate from the kidney to the
thymus could hold true in this case. Indeed, Sailendri (1973) has suggested that a physical
bridge between the pronephros and thymus may exist in Tilapia mossambica, allowing the
direct migration of cells from one organ to another, but such a bridge was not seen in carp
nor was it seen in the present study. However, small numbers of lymphocytes were
observed in the connective tissue between thymus and pronephros.

Pronephros differentiation in oviparous species may occur as early as 14 days
pre-hatch, as in Salmo salar (Ellis, 1977b) or as late as 6 - 8 days post-hatch as in Salmo
gairdneri (Manning et al. 1981). In the present study, a pronephros with some tubules
was seen from 6 - 9 days post-hatching but lymphocytes were not seen in any numbers
until 14 days. Head kidney in sections cut from 17 - 20 day old fry was well differentiated
with lymphocytes and urinary tubules. As with the thymus, the timing of pronephros
development is delayed when compared to Sailendri's (1973) study. She found a pair of

pronephros with pronephric tubules at one day post-hatching and she added that from 2 - 5
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days post-hatching the pronephros of Tilapia became erythroid and lymphocytes first
appeared at 7 - 8 days of age. In zoarces, pronephros tissue was first observed by Bly
(1984) at 3 months preparturition and, at this stage consisted of a few kidney tubules
surrounded by a small number of erythrocytes. By one month preparturition, the
pronephros contained recogrizable lymphoid tissue.

There were no major difference between this and earlier studies of the ontogeny of the
spleen in Tilapia . In this study, sections from fry of 5 days post-hatching showed the first
appearance of the splenic anlagen and a few splenic lymphocytes were clearly seen at 35
days post-hatching. In Sailendri's study of 1973 she noticed mesenchymal thickening very
close to the pancreas at the "late prelarval stage” (6 - 8 days) and at the "early post-larval
stage" (9 - 12 days) the spleen became erythroid with elongated erythrocytes and by the
"mid-post larval stage" (13 - 16 days) definite sinuses were formed, however the
. appearance of large lymphocytes was recorded at the "late post-larval stage” (17 - 22 days).
In the "ju\}enilc stage" (30 - 80 days) and in the "young adult stage" (80 days) the spleén
was well differentiated into red and white pulp areas and had become a mature lymphoid
organ. These findings are generally in accordance with our observations for Tilapia fry
except that in the present study lymphocytes were not seen until 35 days post-hatching.
Thus although the early development of the spleen was the same in both studies the first
appearance of lymphocytes was delayed in the present study. This apparent delay in splenic
development in my study was not surprising when compared to the development of both
thymus and head kidney which also developed later than that recorded by Sailendri.

In another study by Manning (1981) the spleen first appeared at 3 days post hatching
in Salmo gairdneri and at 6 days post-hatching it contained mature lymphoid cells. The
spleen was still erythroid with no obvious demarcation of red and white pulp at 28 days. In
contrast, Bly (1984) showed the first appearance of a distinct organ 2 months preparturation
in Zoarces and at 2 months preparturition, the spleen was evidently lymphoid and two
zones were apparent: lightly - stained lymphoid areas aggregated around the trabeculae, and
darkly staining areas composed mainly of erythrocytes. These zones may be analogous to
the red pulp and the white pulp of mammals. Ellis (1977b) found that the spleen of Salmo

salar does not develop until 42 days after hatching, approximately 56 days after circulating
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lymphocytes are first seen. In contrast Botham (1982) found that carp, Cyprinus carpio
had a spleen rudiment as early as 5 days after hatching, but it developed more slowly than
the kidney and remained predominantly erythroid for several months.

The first occurrence of lymphocytes does not necessarily herald immunological
maturity. In carp, although a few cells bearing surface immunoglobulin were found in
suspensions taken from whole fish on day 7, such cells were not detected in the thymus or
pronephros until day 14 (at 21°C). White cells with cytoplasmic immunoglobulin first
appeared at day 21 in the pronephros (Van Loon et al., 1981). The appearance of the ability
to reject allografts and respond in mixed leucocyte reactions (MLR) can be correlated with
the development of the lymphoid organs. In the salmon at 4 - 7°C, the presence of surface
immunoglobulin on lymphocytes and the ability to give a proliferative response in mixed
cell cultures did not occur until long after the lymphoid thymus and kidney had
differentiated (Ellis, 1977a).

The major findings presented in this chapter are summarised in Table 2.1 and these
maybe compared with the summary (Table 2.2 )which shows the histogenesis of lymphoid
organs in other species of teleost fish (Manning et al., 1982h).

The functional development of humoral immunity in Tilapia is examined in a later

chapter.




GCeneral view of a 5 day old Tilapia mossambica

showing the caudal and head regions with yolk
sac attached.
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Table 2.2

Histogenesis of Lvmphoid Organs in Fish

(Manning et al.

1982b ).

First appearance of lvmphocytes in

Species Temperature ~ Thymus Kidney Spleen Reference
oC
Salmo 3 days 5 days 6 days post- Grace &
gairdneri 14 post- post- hatch; spleen  Manning
hatching hatching still erythroid ~ (1980)
at day 28
Barbus 4 days 4 days 7 days post- Grace
conchonius 23 post- post- hatch; spleen  (1981)
hatching hatching still erythroid
at day 28
Cyprinus 3 days 6 days 8 days post- Botham &
carpio 22 post- post- hatch; spleen =~ Manning
hatching hatching still erythroid ~ (1981)
at day 28
Salmo salar 47 22 days 14 days 42 days Ellis
pre-hatch pre-hatch post hatch (1972
Sarotherodon room 6-8 days 13-16 days 30-80 days Sailendri
mossambica temperature (late pre- (mid post-  juvenile (1973)
' larval) larval)
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Longitudinal section through head region of Tilapia fry
2 - 5 days post-hatching. (H & E stain - x 800).

Longitudinal section through developing thymus at 2 - 5 days
post-hatching. The thymus (t) is attached to the pharyngeal
epithelium and in close proximity to the operculum.

(H & E stain - x 800).
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Lymphoblast like cells in the thymus day 4 post-hatch.
(H & E stain - x 3,200)

T.S. Head region at 4 days post-hatch to show the position
of the thymus (arrowed). (H & E stain - x 320)
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The thymus [ * ] at 8 days post hatching.

N.B. The capsule surrounding the organ which is still in contact
with some of the gill arches.

(H & E stain - x 200).

Thymus at day 9 shov&ing the appearance of thymic cysts (C).
The thymus is separated from the overlying operculum and

appears to be bounded by a single epithelial cell layer (arrowed).
(H & E stain - x 3,200). s ep yer (arrowed)




Longitudinal section through trunk region of fry

(2 - 5 days post-hatch) showing kidney tubules (T)

in the mesonephros surrounded by haemopoietic tissue (arrowed).
YS = Yolk sac. (H & E stain - x 800)

Longitudinal section of Tilapia mossambica at 5 days
post-hatching showing the tubules (T) of the pronephros
and haemopoietic tissue (arrowed).

G = Gill arches. (H & E stain - x 205).



Fig. 2.10 Longitudinal section through the pronephros (head kidney)
of Tilapia mossambica at 6 days post-hatching to show
undifferentiated stem cells (arrowed). (H & E stain - x 3,200).

Fig. 2.11 Longitudinal section of pronephric region at 7 days post-hatching
‘ showing increase in the amount of intertubular haemopo1et10 tissue.
‘ (H & E stain - x 512).
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Fig. 2.12 Section through head kidney at 30 days post-hatch
T = Tubules, H = Haemopoietic tissue
(H & E stain - x = 2,000).
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o
: Fig. 2.13 Head kidney at 5 weeks showing erythrocytes and lymphoid
O cells (arrowed). (Part of a blood sinusoid).
. (H & E stain - x 2,000).
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Fig. 2.14 Longitudinal section through 2 week old fry showing the
relative positions of the thymus (T) and pronephros (P).
(H & E stain - x 200).

Lohgitudinal section of spleen at 5 ; 6 days post-hatch.
Note the presence of large haemopoietic stem cells
(H & E stain - x 3,200)




Fig. 2.16 Section through 6 day old spleen showing large stem cells
(arrowed) scattered through the reticular framework.
(H & E stain - x 3,200).

s Ve

Fig. 2.17 Section through spleen in 10 day old fry showing the
presence of erythrocytes with other lightly staining cells.
(H & E stain - x 1,000).
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CHAPTER 3

LIGHT AND ELECTRON MICROSCOPIC STUDIES OF LYMPHOID TISSUES

IN TEN WEEK OLD FRY AND ADULT TILAPIA MOSSAMBICA

3.1 INTRODUCTION

The work presented in the previous chapter has described the morphogenesis and
ontogeny of the major lymphoid organs in fry of Tilapia mossambica. In the present
chapter, attention is focussed upon the appearance of these organs in older fish. In contrast
to mammals where the structure and function of lymphoid organs has been well studied
(Miller and Osoba, 1967; Novikoff, 1971; Bearman & et al., 1975; Mandel, 1968); there
has, until recently, been little detailed knowledge of the structure of teleost lymphoid
organs. However, a number of authors have now carried out electron microscopic studies
of lymphoid organs in a range of fish species (Zapata, 1979; 1981); Ferguson (1976b);
Graf and Schlﬁns (1979); Chilmonczyk (1983); Davina (1980); and Grace (1981).

Sailendri and Muthukkaruppan (1975) have investigated the lymphoid organs of adult
Tilapia mossambica by light microscopy, but, to date, there has been no attempt to
examine the ultrastructure of the major lymphoid organs in this species. The work in this
chapter presents light microscopic studies of fully differentiated lymphoid organs for
comparison with previous studies and the observations presented in chapter two.
Furthermore, the present study also examines for the first time some aspects of the fine

structure of thymus, spleen and head kidney in fry and adult Tilapia.
3.2 MATERIALS AND METHODS

Ten week old fry and adult (greater than one year old) Tilapia mossambica used in

this study were obtained from the Aquaculture Institute of Stirling University, Scotland.
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Fish were maintained at (27 - 30)°C in tanks containing well aerated water and were
fed with artificial food (trout pellets). The thymus, spleen and head kidney were examined A
in both fry and adult fish.

Fish were sacrificed by over - anaesthetisation in tricane methane sulfonate (MS 222 :
Sandoz, Basle, Switzerland) and organs were removed for fixation immediately after

dissection.

3.2.1 Fish Immunisation

Some fish were injected intraperitoneally with Escherichia coli type 0111 K58 (0.01
ml/gram body weight for each fish). This bacteria was obtained from NCTC, Central
Public Health Laboratories, London and details of bacterial preparation and injection

protocols are given in Appendix 1 and Chapter 4.

3.2.2 Light Microscopic Studies

Organs to be studied were dissected out from immunised and control Tilapia
mossambica and fixed in Bouin's fixative overnight. The tissues were processed
employing thc_routine outlined in Appendix No.5 at the end of this thesis. Following
processing, the tissues were embedded in paraffin wax at 60°C. Five to eight microns thick
sections were cut on a rotary microtome, (Cambridge Rotary Rocking Microtome,
Cambridge Instrument Co. Ltd., London & Cambridge) and mounted on chemically cleaned
microscopic slides. Sections were stained with Harris' haematoxylin and counterstained
with Eosin by following standard histological techniques. Optimal fixation of the spleen
was achieved by removal of the major part of the blood within the organ by perfusion with
formal saline, prior to immersion fixation. Perfusion for two to three minutes was
accomplished by injecting fixative from a syringe, into the capsule of the divided organ,

until the fixative emerging from the cut face was no longer discoloured with blood.

3.2.3 Preparation of Tissues for E.M.
(a) Spleen

Following sacrifice the spleen was quickly removed and cut into fragments of
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approximately 1mm>. These fragments were fixed in 5 ml of 2.5% glutaraldehyde for 2.5

hours and then rinsed in 0.1M sodium cacodylate buffer (Ph 7.4) containing 7.5% sucrose.
Specimens were post fixed in 1% 0OSO4 (Osmium tetroxide) dissolved in 0.05M sodium

cacodylate buffer (PH 7.4) containing 7.5% sucrose for two hours, or until the spleen
fragments appeared completely black. Specimens were placed in 70% ethanol (if left
overnight) and rapidly dehydrated through a graded series of ethanol dilutions. All steps
were carried out at 0 - 4°C.

Specimens were embedded in Epon-araldite and cut on a Reichert Ultramicrotome
(Shandon Scientific London Co.Ltd) using either a diamond or glass knife. Sections of
(500 - 600 A) floated on water, were collected onto uncoated diamond or square mesh
grids. The sections were stained by floating the grids on drops of saturated uranyl acetate
solution for 20 minutes. After washing in distilled water they were floated for 10 minutes
on drops of lead citrate. The secﬁons were finally rinsed on 0.02 molar sodium hydroxide
solution @d distilled water and after drying were examined on a JOEL 100 B electron

microscope operating at 80 K.V.

b) Thymu

The thyrnus of adult Tilapia was dissected out as a whole organ, whereas in ten week
old fry the whole area containing the thymus was removed for processing. Tissues were
fixed for E.M. in 4% glutaraldehyde buffered with 0.1M sodium cacodylate (PH 7.3) for
2.5 hours and specimens were then washed overnight in 0.1M phosphate buffer with 7.5%

sucrose.
Following post fixation in 1% OgO,4 with 0.1M phosphate buffer for 90 minutes,

specimens were dehydrated in a graded series of ethanol dilutions. Following two changes
of propylene oxide, specimens were transferred to an equal mixture of propylene oxide and
Spurr's low viscosity resin. The propylene oxide was allowed to evaporate, leaving the
tissues in the resin for a few hours. Tissues were embedded in pure Epon before sectioning

and stained as described in section(a) for E.M.

Sl
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(c) Head Kidney

Head kidney was dissected out of fish (Tilapia mossambica) and immediately fixed in
2.5% glutaraldehyde buffered to PH 7.3 with 0.1M sodium cacodylate. Specimens were
post fixed in 1% osmium tetroxide in the same buffer until the organs became completely
dark. They were then dehydrated in acetone and embedded in Araldite. Sections were cut

and viewed as described in section (a) for E.M.

3.2.4 Preparation of thick sections (0.5 - 1 millimicron) for viewing under

the light microscope

Tissues were fixed and embedded in Epon as described in (a), (b) and (c). 0.5-1
millimicron sections were cut and transferred to a hot 1% toluidine blue solution or
methylblue (Hayat, 1970) where they were floated for 2 - 3 minutes before being
transferred with a platinum loop, to a water bath. Here, excess stain was removed before
the sections were dried onto a glass slide and mounted using a synthetic resin and a
cover-slip. This method of preparing tissues provided a very useful link between paraffin
sections viewed at the light microscope level and ultrathin sections viewed at the electron
microscope level.

Photographs for all sections were taken using a Carl Zeiss microscope with 35mm

camera attachment.

3.3 RESULTS
3.3.1 Thymus
Light Microscopic Observations

The thymus of 10 week old fry and that of the adult seemed to be similar in structure.
The thymus of Tilapia is a paired, opaque, white, beanshaped organ found directly under
the operculum in the branchial cavity and attached to the branchial epithelium. The position
of the thymus is illustrated in Figure 3.1. It lies in the angle made by the operculum and the
dorsal body musculature and is closely related to gills. At the same level but medial to the
thymus is the auditory capsule. The thymus gland is a simple unlobulated structure

surrounded by a connective tissue capsule which is composed of reticular and collagenous
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fibres. It measures about 6mm x 3mm x Imm in fish weighing from 40 to 50 grams, and
contains from eleven to thirteen million lymphocytes (Sailendri, 1975).

The thymus consists of three zones : outer, middle and inner zone. The outer zone
encircles the other zones, the middle zone is more deeply stained and similar to the thymic
cortex of higher vertebrates and characterized by dense, tightly packed, small lymphocytes.
The inner zone resembles the thymic medulla of mammalian thymus. The boundaries
between these three zones are not sharply delineated and no lymphatic vessels are observed
in the thymus (Figs. 3.2 & 3.3). The inner thymic membrane, where the thymus attaches to
the head, is a smooth, regular structure. The outer membranes which separates the thymus
from the pharyngeal cavity contains huge cells with many cysts inside (not illustrated).
These resembled goblet cells and give the impression of being secretory in function. The
outer membrane of the thymus did not appear to differ from the epithelial lining of the rest
of the pharyngeal cavity. No germinal centres were seen in the organ but blood vessels
were observed. |

Fig. 3.4 represents an autoradiograph of the thymus from a 10 week old Tilapia fry
and illustrates the heavy labelling associated with the outer (cortical) region of the thymus
and suggests that the outer zone of the fry thymus contains large numbers of proliferating
thymocytes.

The inner zone or medullary region of the adult thymus is seen in (Figs. 3.2 and 3.3).
The medullary region contain large thymic "corpuscles” with concentrically arranged nuclei
and central aggregations of orange/brown pigment (Fig 3.3). These superficially resembled
the myoid cells described by other workers, but there was no evidence of the striated muscle
fibres normally seen in such structures. Other features of the medullary region included the
presence of large groups of cells with black/brown pigmentation. These are illustrated in
Fig. 3.2. Large numbers of thymocytes were also seen, scattered throughout the paler

staining epithelial cells of the inner zone.

Electron Microscopic Observations

The results obtained for this section were compromised by a fault in the electron

microscope and only three figures are presented. Fig. 3.5 is a section from the thymus of
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10 week old fry and appears similar in appearance to the fenestrated endothelial cells
cytoplasm reported in the thymus of rainbow trout (Salmo gairdneri) by Chilmonczyk
(1983). |

Figure 3.6, shows a thymocyte in the thymus of a 10 week old fry, note the rounded
nucleus and the characteristic pattern of chromatin condensation. The cell depicted in
Figure 3.7 is thought to be a granulocyte as evidenced by lobulated nucleus and the

presence of electron dense granules in the cytoplasm.

3.3.2 Head Kidney (the pronephros)

Light Microscopic Observations

The term head kidney refers to the modified pronephros which lies dorsal to the body
cavity, itis a bilaterally symmetrical organ and extends from behind the level of the thymus
in the branchial region to the anterior end of the mesonephros. In adults weighing 45 - 50
grams, it measures about eight to fifteen millimetres in length, however in younger fish
(fry) weighing one to 5 grams it measures about 2.0 - 3.5 millimetres in length. It is dark
brown in colour and contains approximately nine to sixteen million white cells (Sailendri,
1975). The head kidney is encapsulated by thin strands of collagen fibres and includes
lymphatic and blood vessels and sinuses. It is mainly a lymphoreticular organ and contains
both deeply stained lymphoid zones and lighter staining non-lymphoid areas (Fig 3.8). In
the same figure, at the periphery and in the centre of the follicle large vacuolated cells with
bfownish dark pigments and a few large lymphocytes are found. The follicle also encloses
numerous blood ve;ssels and blood sinuses. The lymphoid zone is represented by a number

of lymphoid follicles of tightly packed small lymphocytes as seen in Fig. 3.9.

Immunised Head Kidney after Injection of 20% SRBC

Changes were observed in immunised sections. Large numbers of spherical bodies
were found in the lymphoid zone of the head kidney, following immunisation. Each body
consisted of clusters of pigmented cells or pigmented granules (Fig. 3.8). These bodies

were not seen in control head kidney.
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Electron Microscopic Observations

Fig. 3.10 shows a low power general view of the head kidney of Ti lapia fry.
Proliferating cells are clearly visible and in the section shown, they are located close to a
blood vessel. Fig. 3.11, illustrates what is thought to be a phagocytic reticular cell in the
head kidney of a 10 week old fry. The cytoplasm contains a number of small vesicles and
some large electron dense inclusions. This figure also shows a large membrane bound
vacuolated structure which appears to contain a few large electron dense bodies together
with smaller darker staining granules. The significance of this structure is not known, but it
may represent a stage involved in pigment deposition. Small lymphocytes are also visible in
this section. In figure 3.12, a number of large pale staining cells connected by desmosomal
junctions are seen. These cells show some condensation of the nuclear chromatin and are

thought to be part of the haemopoietic element of the head kidney.

3.3.3 Kidney (the mesonephros)

The mesonephros in adult Tilapia is primarily an excretory organ. Fig. 3.13 shows a
transverse section through the mesonephros and illustrates the predominance of excretory

tissue and the absence of lymphoid and haemopoietic tissue.

3.3.4 Spleen
Light Microscopic Observations

In Tilapia mossambica the spleen is an elongated flattened structure, measuring about
12mm in length and 4mm in thickness in fish weighing 45 - 50 grams. It lies along the left
side of the stomach continous with the mesenterium and in close association with the
pancreas. The spleen is enclosed in a capsule which consists of a layer of mesothelium and
squamous epithelium and is often disrupted in preparing the specimen. The greater part of
the spleen appears reddish in colour when stained with hematoxylin and eosin. This area is
the red pulp. Scattered through this reddish mass are small areas that appear white in the
living state but stain purple with hematoxylin and eosin. These areas are called white pulp
and comprise the lymphatic tissue of the spleen (see Fig. 3.14). Within the white pulp of

the spleen, diffuse lymphoid cells, including plasma cells, are arranged around a central
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arteriole (See Fig. 3.15). The white pulp is separated from the red pulp by a marginal zone
which is seen in Figs. 3.15 and 3.16.

Figure 3.16 shows the appearance of the red pulp in an SRBC immunised adult. The
red pulp is crowded with small lymphocytes which are thought to arise from proliferation

in- Situ.

Electron Microscopic Observations

Fig. 3.17 depicts an E.M. section through the spleen of a 10 week old fry. A number
of different cell types are visible at this stage. These include immature lymphoid cells as
judged by the relatively large amounts of cytoplasm and the incipient chromatin
condensation in the nucleus. Part of the cytoplasm of a phagocytic cell is also present and
contains a number of cytoplasmic inclusions. One of these vacuoles appears to contain the
remnants of an erythrocyte. The figure also shows a section through the cytoplasm of a cell
which contains a number of electron dense granules. Unfortunately the section does not
include the nucleus of the cell, but the granular cytoplasm may form a part of a neutrophil.
Fig. 3.18 is taken from a section through the spleen of adult fish which was injected 7 days
earlier with Escherichia coli bacteria. The cell depicted in the figure contains a number of
dark staining bodies in its cytoplasm which may represent phagocytosed bacteria. An
alternative suggestion for the identity of this cell is that it is an eosinophil which in
mammals are characterised by the presence of large electron dense granules in the
cytoplasm. Only a small portion of the cell's nucleus is visible so it is not possible to

categorize it further.

3.4 DISCUSSION

In Tilapia , the major functional lymphoid organs are the pronephros, mesonephros -
and spleen. The location of teleost thymus near the branchial cavity and its permanent
continuity with pharyngeal epithelium has been confirmed by various authors, [Rizkalla
(1969); Sailendri and Muthukkaruppan, 1975)]. The thymus in adult Tilapia is unlobulated

and in this respect is similar to that of Ruzilus rurilus (Zapata, 1981); however, the angler

- 61 -



fish, Lophius piscatorius (Burne, 1927); and the Nile fish, Clarias lazela (Rizkalla, 1969);
are characterised by thymic lobulation. The structure of the thymus varies from species to
species. In 1973, Sailendri noticed a clear division into outer, middle and inner zones. The
middle zone resembling the mammalian cortex and the inner zone, the mammalian medulla.
This organisation into several adjacent regions has been reported in other teleost fish : Three
layers were described in Astyanax mexicanus (Hafter, 1952); in Salmo fario (Deancsly,
1927); in rainbow trout (Salmo gairdneri) (Chilmonczyk, 1983); and in Clarias lazella -
(Rizkalla, 1969). A lack of clear demarcation between cortex and medulla has been
reported for other species of fish on [Salmo salar (Ellis, 1977b); Lophius piscatorius
(Féingé and Pulsford, 1985) and Salmo gairdneri (Grace and Manning, 1980)]. Similarly,
the thymus of carp shows no clear division into zones, although in younger fish larger
lymphoblast - like cells accumulated at the periphery of the organ, and smaller and mature
cells were found centrally (Botham 1982). Rijkers (1980) reported that there were possibly
two zohes in the thymus of adult carp, but they were more difficult to distinguish than in
other species.

Electron microscopic examination of the thymus, revealed the presence of a continuous
connective tissue similar to that found in Rutilus rutilus by Zapata (1981). The pictures
obtained for electron microscopic observations on the thymus were limited by a technical
fault on the electron microscope. However, the thymus was seen to consist of a reticular
epithelial framework interspersed with thymocytes at various stages of development. The
ultrastructural appearance of the thymocytes resembles those observed in the thymus of
other vertebrate species including amphibians (Rana pipiens, Curtis and et al., 1972;
Xenopus ldevis, Nagata, 1976), reptiles (Bockman, 1970), and mammals (golden hamster,
Ito and et al., 1966). A presumed granulocytic cell was also observed in the thymus at this
stage, although whether or not this is a regular feature 6f thymus development in this
- species is not known.

The fenestrated endothelial cell cytoplasm observed here was also seen by
Chilmonczyk (1983) in rainbow trout. The functional significance of this feature is not
known, but it may be related to facilitating the entry of antigen into the thymus. The thymus

of Tilapia contains plasma cells and also produces plaque forming cells in response to
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challenge with foreign erythrocytes (Sailendri and Muthukkaruppan, 1973). Other
morphological adaptations to facilitate the entry of antigen into the fish thymus have been
reported by Grace (1981) who demonstrated that in rainbow trout, the thymus is only
separated from the water in the pharyngeal cavity by an epithelial layer one cell thick. She
concluded that the thymus of fish may still represent an evolutionary stage where the organ
functions not only as a primary lymphoid organ, as in mammalé, but is also involved in the
adaptive immune response.

The presence of thymic corpuscles in adult Tilapia was also reported by Sailendri and
Muthukkaruppan (1975) who referred to them as Hassall's corpuscles. These structures
are not present in all fish and are not seen in the thymlis of eel (Von Hagen, 1936),
Astyanax (Hafter, 1952), and Lepomis (Smith et al., 1967). More recently, Zapata (1980)
reported that Hassall's corpuscles were absent from the thymus of Raja clavata and
Torpedo marmorata . Hassall's corpuscles are also present in mammalian thymus, but their
function is poorly understood. They may be involved in the destructioﬁ and digestion of
phagocyted thymocytes (Toro, 1966).

Another feature of the adult thymus reported here is the presence of pigment
accumulations in the medullary region of the thymus. The presence of such accumulations
has been widely reported in other fish lymphoid organs and their possible significance
reviewed by Agius (1985). However, Agius did not mention the presence of pigment
accumulations in the thymus of fish, and it is not known whether such pigmentation is
widespread or peculiar to Tilapia. In previous studies on Tilapia (Sailendri, 1973; Sailendri
and Muthukkaruppan, 1975) the authors did not report observing such pigments and the
significance of these observations awaits further study. The presence of large numbers of
proliferating cells in the outer zone of the thymus of 10 week old fry is in accordance with
previous studies in mammals and amphibia (Mandel, 1968 and Rimmer, 1977).

The cortical area of the thymus, particularly a zone just below the thymic capsule, is a
site of rapid proliferative activity in mammals. The fate of these cells is unclear. Many are
known to die 'in situ', but some are thought to pass to the medulla to undergo
differentiation prior to emigration into the periphery (Scollay & et al., 1984). The fate of

this rapidly proliferating population in fish is not known, but studies by Tatner (1985) have
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shown that thymus cells labelled 'in situ' by intrathymic injection of tritiated thymidine,
subsequently migrated from the thymus into the blood and secondary lymphoid organs.

Studies presented here on the pronephros of Tilapia mossambica confirm its role as a
major lymphoid organ in fish. In common with earlier studies (Sailendri and
Muthukkaruppan, 1975) it was possible to distinguish two major types of area within the
head kidney of adult fish. The lymphoid zones consisted of tightly packed lymphoid
follicles and the non-lymphoid areas were predominantly erythroid with smaller numbers of
leucocytes. Electron microscopic examination of the head kidney of 10 week old fry
revealed the presence of haemopoietic tissue together with immature lymphoid cells. A
number of mitotic figures were also noted suggesting that the immature head kidney is a site
of active proliferation. As haemopoietic tissue is present in the kidney at a very early stage
of development, the suggestion of Ellis (1977b) that haemopoietic stem cells migrate from
the kidney to the thymus could hold true in this case. Indeed, Sailendri (1973) has
suggested that a physical bridge between the pronephros and thymus may exist in Tilapia,
allowing the direct migration of cells from one organ to another. Such a bridge was not
seen in the present study but a number of lymphocytic cells were observed between the
pronephros and thymus on some slides. The absence of a lymphocytic bridge was also
reported in carp by Botham (1982). Stem cell origin is still uncertain in fish. In other
vertebrates, it seems to be generally accepted that stem cells originate in the developing
embryo, probably in the foetal liver of mammals (Owen et al., 1977) and in the developing
aorta of birds. Evidence now exists that erythrocyies and lymphocytes develop in different
areas of the larval kidney in amphibia (Volpe et al., 1982). It seems likely therefore, that
thymocyte precursors also have an extrinsic origin in fish. However, further studies are
required to locate the anatomical site at which stem cells first appear. Chiller et al., (1969)
and Boomker (1979) found that plasma cells, mononuclear leucocytes and thrombocytes, as
well as their precursors, were present in greater numbers in the pronephros than in other
haemopoietic organs. It is therefore assumed that they are formed mainly in the
pronephros.

In addition to its haemopoietic function the pronephros is also the site of antibody

production and cellular reactivity to antigens. This is shown later in Chapter 4 where both

- 64 -



PFC and RFC are seen in the pronephros following SRBC challenge (see also Sailendri,
1973). The pigment granules seen in the pronephros of Tilapia are a common feature of
fish lymphoid tissue (Agius 1980).

Their function is not fully understood but they are thought to be involved or associated
with antigen trapping and antibody production. Ellis (1974), demonstrated that, in the
kidney, uptake of bovine serum albumin appeared to be associated with aggregates of
lymphocyte type cells adjacent to the melanin centres but not actually within them.
Secombes and Manning (1982) suggested that in carp, pyroninophilic cell clusters
observed during antibody responses were replaced by pigment containing cells. These
might then become melanomacrophage centres and be important in influencing lymphocyte
populations during future exposure to antigen. These pigmented regions increased in
number following antigenic stimulation and the results seen have confirmed the earlier
findings of Sailendri and Muthukkaruppan (1975) in this respect.

The structure of the spleen shows considerable variation between different species of
fish. Most teleosts seem to possess a spleen with a high proportion of red pulp and a
network of branching arteries and arterioles, the latter tending to be bound by thick walled
ellipsoids. In many species, melanomacrophage centres are found, usually in the axils of
branching ellipsoids. These consist of large, melanin-bearing macrophages and in some
instances lymphocytes (Botham, 1982). Fish such as gar and paddle fish (Finstad et al,,
1964); plaice (Ellis & et al., 1976); Tilapia (Sailendri and Muthukkaruppan, 1975); and
perch (Pontius and Ambrosius, 1972) all showed a clear distinction between red and white
pulp in the spleen, with the red pulp containing few leucocytes. However, Sailendri and
Muthukkaruppan (1975), and Ellis et al. (1976) reported that white pulp accumulations,
although present, were not extensive in Tilapia and plaice, were as Ferguson (1976) noted
a relatively large lymphoid cuff in the turbot. In the rainbow trout (Grace and Manning,
1980) and in the carp (Secombes and Manning, 1980) no organized white pulp was noticed
in the spleen, although in the carp occasional white cells did tend to accumulate around the
ellipsoids and were found scattered in the red pulp.

In the present study, the red pulp area became packed with lymphocytes following

antigenic challenge with SRBC. This phenomenon was also reported in an earlier study on
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Tilapia (Sailendrl and Muthukkaruppan, 1975) and has also been observed in the blue gill
(Lepomis macrochirus) by Smith & et al., (1967); in rainbow trout (Salmo gairdneri ) by
Chiller et al., (1969) and in perch (Perca fluviarilis) by Pontius and Ambrosius, (1972).
Further work presented in Chapter 4, also serves to confirm that the spleen, like the head
kidney, contains increased numbers of antibody producing cells and antigen reactive cells
following antigenic challenge. Plasma cells were seen here in the white pulp areas of the
spleen and have also been described in electron microscopic studies of the thymus of a
marine teleost (Hullet, 1971, cited by Ortiz-Muniz and Sigel, 1971).

Electron microscopic studies of the spleen reveal the presence of lymphocytes and
phagocytic cells in fry at 10 weeks of age when red and white pulp areas are differentiated.
Problems were experienced in examining the ultrastructural details of the adult spleen, but
following injection with E. coli bacteria it was possible to observe what may have been a
phagocytic cell containing a number of engulfed bacteria. This phenomenon was similar to
that reported by Bach and et al., (1978) in the spleen of the channel catfish (Ictalurus
punctatus) infected by Aeromonas hydrophila.

Thus far, the work presented in this thesis has examined the ontogenesis of the
lymphoid organs in fry of Tilapia mossambica and compared these findings with those for
adult fish. In the next section of the thesis, attention is focussed upon functional parameters

of these lymphoid organs.
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Fig. 3.1 Cross section of a 10 week old fish showing the dorsal position of the
thymus in relation to the gills (H & E stain - x 40).
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Section showing part of the thymic medulla in adult Tilapia mossambica

(H & E stain - x 320).

(These are only found in adult fish).

Detail of medulla in thymus of Tilapia mossambica
corpuscle. (H & E stain - x 3,200).
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Fig. 3.4 Autoradiograph showing extensive proliferative activity in the thymus of
10 week old fry. Note the heavy concentration of silver granules over the
outer region of the thymus. (Methyl green pyronin - x 800).

Fig. 3.5 E.M. of thymus showing fenestrated endothelial cell cytoplasm.
(x 10,000).
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Fig. 3.6 E.M. of granulocyte ( ? ) in thymus of 10 week old fry.(x 11,250).

y
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Fig. 3.8 Histological section of head kidney of Tilapia mossambica, 5 days after
immunisation with sheep red blood cells. Notice the many spherical bodies
containing pigment granules (arrowed). (H & E stain, - x 40).

Fig. 3.9 Enlarged view of lymphoid area in the head kidney of adult Tilapia
showing highly concentrated lymphocytes [ f ]. (H & E stain, -x 250).
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Fig. 3.10

Thick embedded section of head kidney of fry showing cellular

proliferation. Two mitotic figures are indicated (see arrows)
(Toluidine blue - x 2,000).

Electron micrograph of pronephros of 10 week old fry.(x 4,950)
(Haemopoietic cells are arrowed)
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Fig. 3.12 The hematopoietic tissue in 10 week old pronephros. Note the desmosomal
junctions between the reticular cells. (E.M. - x 4,950).

Fig. 3.13 Transverse_ section in the mesonephros showing kidney tubules and lack
of lymphoid tissue. (H & E stain - x 320).
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Fig. 3.14

Low power view of adult Tilapia spleen ( H & E stain - x 250).
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Fig. 3.15 Section of spleen of Tilapia mossambica showing white pulp (WP)
and red pulp (RP) of control fish. ( H & E stain - x 400).

(CA = Central Arteriole).

(MZ = Marginal Zéﬁéj;r

Fig. 3.16 Section of spleen from immunised fish 7 days after injection with

20% SRBC. The red pulp (arrowed) is overcrowded with
lymphocytes (H & E stain - x 250).
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Cell with electron dense cytoplasmic inclusions in spleen of adult fish
injected with bacteria (Escherichia coli) 7 days earlier. (x 6,500).

- 76 -



CHAPTER 4
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The effects of antigen dose and route of immunisation have also been studied and a
comparison is made between the efficacy of intraperitoneal injection and the introduction of
antigen using a hyperosmotic infiltration techniques (Antipa, 1976). Preliminary trials have
also been carried out to assess the effects of adjuvant on the immune response.

For smaller fish where collection of serum samples was difficult, proliferative activity
in lymphoid organs following antigenic challenge was assessed using histological and
autoradiographical techniques. Antigen induced proliferative activity in lymphoid organs in
adult fish was assessed by scintillation counting (Horton, Horton and Rimmer, 1977).

The potential tolerising effects of early exposure to antigen have also been examined.
In view of the limited amount of information concerning cell mediated immunity in Tilapia,
some preliminary studies presented here have examined the capacity for graft rejection in
adult fish (Hildemann, 1957). In vitro cellular proliferation has also been assessed

employing the mixed leucocyte reaction (Botham, 1982; Ruglys, 1985).

4.2 MATERIALS AND METHODS

42.1 Animals

Adult Tilapia of both sexes were obtained from the Aquaculture Institute, Stirling
University and maintained as described in an earlier chapter. The mean wei ght of the adult
fish used in this study was 60 £ 10 grams.

Ten week old Tilapia fry (mean weight 3.2 + 2.1 grams) were also obtained from

Stirling.

4.2.2 Antigens and Immunisation

heep Red Blood Cell
Sheep red blood cells (SRBC) in Alsever's solution (Flow laboratories) were washed
three times in saline (0.85%) by centrifugation. The concentration of SRBC required was

obtained by pelleting down the red cells and resuspending them in saline to a 10% or 20%

v/v suspension.

For all injections fish were anaesthetised with a 50 P.p.m. concentration of tricaine
methane sulphonate (MS 222 - SANDOZ). Each adult was given a single dose of 0.01ml
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of 20% SRBC intraperitoneally per gram body weight using a sterile syringe fitted with a 26
- gauge needle. This protocol has previously been shown to give a high antibody titre in
adult Tilapia (Sailendri, 1973).

The primary immune response was assessed at 2 to 3 day intervals for two weeks
post-injection. In order to study the secondary response adult fish were given a further
injection of SRBC 19 days after the primary immunisation, and responses were measured at
2 to 3 day intervals for another two weeks. Control fish received appropriate injections of
0.85% saline. The immune response to SRBC was assessed by measurement of
haemagglutinating antibody in the serum (section 4.2.8), and by assessing the numbers of

plaque forming cells and rosette forming cells in different lymphoid organs (see sections

4.2.7 and 4.2.10).

Bacteria

Two methods of bacterial immunisation were utilised. In the first, bacteria were
injected intraperitoneally and in the second, bacteria were introduced by a hyperosmotic
infiltration technique. The bacterial species employed in this study was Escherichia coli
type 0111 K58 and was obtained from NCTC, Central Public Health Laboratories, London.
Bacteria were maintained on nutrient agar plates for 36 hours before bein g washed off with
sterile 0.85% saline.

The bacteria were collected and the cell concentration adjusted to 109 cells m1-L.

Further details of bacterial preparation are given in Appendix 1.

Intraperitoneal Injection

After adjusting the cell concentration, bacteria were kept in constant suspension with a
magnetic stirrer prior to immunisation to ensure a constant dose. The temperature of the
suspension was adjusted to ambient water temperature. All fish received an injection of
0.01 ml bacterial suspension per gram body weight (equivalent to 1 x 107 cells/ gram fish).
Fish were killed at weekly intervals after injection for study of the immune response.

A group of twenty adult fish (Tilapia mossambica) each received a single injection of

Escherichia coli on day 0, and another twenty adult fish, each received two injections of
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the same dose of Escherichia coli one on day 0 and the other on day 12.
The immune response to bacteria was studied using a slide agglutination technique

(section 4.2.11). Control fish were each injected with the same dose of 0.85% saline only.

Hvperosmotic Infiltration

This method was applied in this study for adult fish only. Grbups of four adult fish
were placed in a ten fold concentration of Hank's balanced salt solution (10 x HBSS) for
two minutes. The fish were then removed from the salt bath and immersed into a bacterial
suspension containing 109 bacterial cells per ml. After 2 minutes immersion the fish were

removed and placed in tanks containing fresh water (Antipa, 1976).

Human Gamma Globulin

Lyophilised human gamma globulin (HGG) (Sigma) was dissolved in 0.85% saline to
a concentration of 2.5 mg/ml. The standard immunising dose used was 0.01 ml of HGG
solution (i.e. 0.025 mg HGG) per gram body weight, delivered intraperitoneally. This
dose was established as a result of preliminary trial experiments not presented here. A
group of 15 adult Tilapia mossambica was immunised and the primary antibody response
was assayed using passive latex particle agglutination. The same dose, given to each fish,
was repeated 19 days after primary immunisation in order to study the secondary immune

response. Control fish were injected with an equivalent dose of 0.85% saline.

4.2.3 Ontogenetic studies on humoral immunity in Frv

The ability of Tilapia fry to mount a humoral immune response against three different
antigens was assessed. The antigens employed in these studies were sheep red blood cells
(SRBOQ); the bactcrium Escherichia coli type 0111 K58; and human gamma globulin.

Experiments were commenced when fry were 10 weeks of age, although in one study
fry of five weeks old were used. Except where indicated, fry were injected in groups of 30
animals using a glass micrometer syringe fitted with a sterile 30 gauge needle (S.G.E.).

Fish were anaesthetised for injection in a 50 p.p.m solution of MS 222.
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Antibody production, plaque forming cells and rosette forming cells were monitored as

outlined in the relevant sections 4.2.7 to 4.2.11.

4.2.4 Antigen Injection
Sheep Red Blood Cells (SRBC)

Three groups of fry were each injected with 10 pl/gram body weight of SRBC (20%)
via the intraperitoneal route.

One group received a single injection of SRBC at 10 weeks of age, while a second
group of animals was given a first injection at 10 weeks followed by a second injection
seven days later. A further group of fry recei\}ed one injection at 10 weeks of age and a
second injection 12 days later. Controls received equivalent injections of saline only.
Animals were sacrificed at intervals following the final injection and serum

haemagglutination assays were performed.

Long term effects of early exposure to SRBC

In a second series of experiments to examine the long term effects on immunity of
early exposure to antigen, one group of fry received a single injection of SRBC at 10 weeks
followed by a second challenge with SRBC 56 days later. Controls received a saline
injection in place of the first SRBC challenge.

A second group of fry was given two single injections of SRBC, one at 10 weeks of
age and another 12 days later. This group was further challenged with SRBC 56 days after
the first injection. Control fry were initially given two saline injections in place of SRBC
and were challenged with SRBC 56 days after the first saline injection. Antibody

(haemagglutination) responses were assessed at intervals following the last injection.

Bacteria
The bacterial species employed in studying the immune response of Tilapia fry was
Escherichia coli type 0111 K58. Bacteria were adjusted to a concentration of 109 cells per

ml. and were injected in 0.85% physiological saline at a dose of 10ul bacterial suspension

per gram body weight via the intraperitoneal route. One group of fry received a single
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injection of bacteria at 10 weeks of age, whilst a second group were given single injections

at 10 weeks and 12 days later. Control groups received saline injections only.

Long term effects of early exposure to bacterial anticens.

The long term effects of early exposure to bacterial antigen were studied in a group of
fry which received two injections of bacteria; one at 10 weeks of age and a second 12 days
later. A third (challenge) injection of bacteria was given 56 days after the first injection,
and the levels of bacterial agglutinins in the serum were measured at intervals after the final
injection.

The immune response of fry to bacteria was studied using a slide agglutination test as

outlined in a later section (4.2.11).

Effects of Freund's complete adjuvant (FCA)

To study the effects of Freund's complete adjuvant (FCA) on the immune response to
bacteria, two groups of fry were given 1 x 107 bacterial cells suspended in 10 microlitres of
FCA/saline emulsion (50:50). One group received i.p. injections at 10 weeks and 12 days
later.

The second group received three injections of bacteria in FCA : the first at 10 weeks,
followed by two single injections, 12 and 56 days later. Control fry received saline and
FCA only. Bacterial agglutinins were measured in the serum at intervals following the final

injection using the slide agglutination technique described in section (4.2.11).

Human Gamma Globulin (HGG)

HGG (Sigma) was dissolved in 0.85% saline to a concentration of 2.5 mg/ml. Fry
were injected intraperitoneally with 10ul of antigen solution (0.025 mg HGG) per gram
body weight. One group of 15 fry was given a single injection of HGG at 5 weeks of age
and received a second injection of antigen 12 days later.

One group of older fry were injected with HGG at 10 weeks of age and 12 days later.

Controls received appropriate injections of saline only.
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Effects of Adjuvant (FCA)

The effects of adjuvant were examined in one group of fry which received injections of
HGG in FCA/saline emulsion at 10 weeks of age and 12 days later. Control fry received
injections of FCA/saline only. Antibody titres to HGG were assessed by passive

agglutination of HGG-coated latex particles (Section 4.2.9) at intervals post-injection.

4.2.5 Collection of Serum

Immunised and control fish were bled from the common cardinal vein using a sterile
syringe. Serum was collected after leaving the blood sample to clot for one hour at room
temperature and then removing the clot. The serum was then spun to remove any residual
blood cells. Serum samples to be tested were incubated at 56°C for 15 minutes to inactivate
complement components. In the case of fry, pooled blood was collected by cardiac

puncture from 3 - 5 individuals in order to obtain enough serum for the antibody assays.

4.2.6 Complement
A 0.2 ml aliquot of normal fresh Tilapia serum wés absorbed with 0.01 ml of packed

sheep red blood cells for about one hour at 5°C. After absorption, the serum was
centrifuged and the supernatant was collected to be used immediately or kept for
twenty-four hours in the fridge. Smith et al. (1967) found that Tilapia serum, when used
as a source of complement displayed a high level of haemolytic activity. Guinea pig serum
(Flow Laboratories) was also employed as a source of complement in the present study and

was found to give similar results to Tilapia serum.

4.2.7 Plaque Forming Cell Assay (PEC)

To detect the presence of plaque-forming cells (PFC) in lymphoid organs, the
technique of Cunningham and Szenberg (1968) was followed with minor modifications
(Kanakambica and Muthukkaruppan, 1972).

Animals immunised with SRBC were sacrificed and thymus, head kidney and spleen
were dissected out. Cell suspensions from each of these organs were individually prepared

by teasing the organs apart in small plastic dishes containing approximately 1 ml of medium

- 84 -




[1 x Iscove's modification of Dulbecco's medium (Flow Laboratories)]. The cell
suspensions were transferred to tubes and large tissue clumps were allowed to settle out on
ice for 4 - 5 minutes. The supernatant containing the single cell suspension was then
collected and the concentration and viability of these cells was determined using Trypan
blue dye exclusion. Viable white cells were counted using a haemocytometer (Neubauer
counting chamber). For studies on fry it was necessary to pool spleen or head kidney cells
from up to 15 individuals in order to achieve the desired cell concentration. A mixture
consisting of 0.1 ml of the test cell suspension adjusted to(5 x 100 - 6 x 106 cells/ml),
0.01 ml of fish complement and 0.01 ml of 20% SRBC was prepared and incubated as a
monolayer between two sealed glass slides for between one and two hours at (26°C -
30°C) and the preparation was scored for the number of haemolytic plaques. The number
of plaque forming cells per million leucocytes was calculated. In one experiment 20%
chicken red blood cells (CRBC) were used in place of SRBC to test the specificity of fish
anti-sheep red blood cell antibody.

4.2.8 Haemagglutination assay

Agglutinating antibody titres to SRBC were assessed by standard haemagglutination
techniques (Hudson and Hay, 1980). The serum was collected from fish killed at weekly
intervals post injection. The specificity of anti-SRBC activity in the serum was examined
using 1% suspensions of chicken red blood cells, rat red blood cells or mouse red blood

cells to test for cross reactivity.

4.2.9 Assessment of the Immune Response of Tilapia mossambica _to Human

Gamma Globulin (HGG) using the Passive Haemaeslutination Test.

800 w1 of latex particle (Difco) suspension was washed twice with 40 ml of 0.054 M

glycine saline and centrifuged at 12,500g for 15 minutes. The latex was resuspended in 20

ml of 0.054 M glycine-saline and mixed with 300 ulofa 10 mgml«1 solution of HGG for
30 minutes at room temperature. The latex was washed twice by adding 40 ml of 0.054 M

glycine saline, mixed and centrifuged at 12,500g for 15 minutes. The latex was
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resuspended in 20 ml of 0.27 M glycine-saline containing 0.1% of bovine serum albumin
to block any remaining latex protein binding sites.

For the slide agglutination test, 25 ul aliquots of doubling dilutions of test antiserum
were added to 25 pl aliquots of coated latex on a glass slide and after rocking gently for 2

minutes to mix the two droplets, agglutination was read visually by illuminating the slide

from the side and viewing against a dark background.

4.2.10 Immunocytoadherence (Rosette Forming Cell) Assay

Immunised and control fish were killed as described previously and cell suspensions
were prepared for different lymphoid organs as described for the PFC assay. For each
adult fish studied (or groups of 3 - 5 fry) 0.2 ml aliquots of the appropriate lymphocyte
suspension were added to two plastic tubes containing 0.2 mls of the 1% SRBC
suspension. The tubes were incubated at 23°C for two hours during which time the
erythrocytes and white blood cells sedimented to the b;)ttom of the tube. The cells were
gently resuspended on a vertical rotor turning at 8 to 10 revoluﬁons per minute for five
minutes.

The number of rosettes in each suspension was counted using a haemocytometer (at
least four samples per tube were counted). A rosette was scored if a central lymphocyte
was observed with three or more adherent SRBC. Rosettes with more than one lymphocyte
or clumped red cells without lymphocytes were neglected. The number of rosette forming

cells per million leucocytes was calculated for each lymphoid organ.

4.2.11 Slide Agglutination Test for Bacterial Antigen

The test antigen (Escherichia coli) was a formalin killed suspension of bacteria (1 x
1010 cells/ml) suspended in physiological saline containing a 1:20,000 concentration of
crystal violet and brilliant green. The bacterial cell suspension was dilutéd 1:5 in
physiological saline. With a pasteur pipette, three drops from each tube of a 2 fold serial
dilution of the serum to be tested were placed in separate sections of a glass microscope
slide. (Klantz, Reddecliff and Heist, 1963). One drop of test antigen was added from a
26-gauge needle fitted onto a syringe. The needle was held level and horizontal to the glass
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plate. Solutions were mixed with individual wooden applicator sticks and incubated at
room temperatufe for ten minutes before being gently agitated for two minutes.

Agglutination was read by holding the plate in a beam of light from a microscope lamp fitted
with a ground glass. The specificity of the reaction was assessed by testing the serum

against the bacterium Klebsiella aerogenes.

4.2.12 Histology
Pyroninophilia

In order to study the histological changes occurring in Tilapia lymphoid organs
following antigenic challenge, 8 microns sections of head kidney, spleen and thymus were
prepared at weekly intervals for up to 5 weeks post injection from Tilapia mossambica fry,
immunised at 10 weeks and 12 days later. Escherichia coli and HGG were both used as
antigens as outlined in section 4.2.2.

These sections were processed then stained with methyl green pyronin (M.G.P.) as in
appendix 6 and estimates made of the numbers (low, moderate or high) of pyroninophilic
cells. Control sections from fry injected with the same dose of 0.85% saline also

examined.

Autoradiography

Spleen, thymus and head kidney were dissected from fry immunised at 10 weeks and
12 days later with 20% SRBC and sacrificed at weekly intervals after immunisation.
Imprints and sections from these organs were processed for autoradiography as in
Appendices (7 & 8) and investigated under the light microscope. Sections from immunised

and control fish were examined for the presence of labelled lymphoid cells.

4.2.13 Scintillation Counting

To confirm the histological data on splenic activity following antigenic challenge,
scintillation counting was employed to study proliferation in immunised spleen following
antigenic challenge. Tritiated thymidine uptake in vitro was examined as devised below.

The methodology follows that outlined by Horton et al.(1977).
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Spleens of SRBC immunised and control saline injected Tilapia mossambica were
removed aseptically one week after injection, and immediately washed in L-15 culture

medium (Appendix 9), before being transferred to fresh medium . 50 ul of spleen cells

2.5x 106 leucocytes) was then distributed into individual wells of sterile microtitration

plates (M220-25 ARTL-Gibco) using an Oxford sampler.

| The cells were immediately pulsed, with 1 pic 38 thymidine (Amersham International,

S.A = 5C{ /mmol) being added to each well. All cultures were set up at least in triplicate

and following incubation for 4 hours at 28°C in a humidified atmosphere, cells were
harvested with the aid of a Skatron cell harvester (Flow Laboratories) and filters containing
the harvested cells were dried at 52°C for 30 minutes. Filters were then placed in individual
scintillation vials. The cellular material collected on the filters was digested with 0.3ml
protosol (NEM) at 56°C for one hour and, after cooling, 0.5 ml of scintillation fluid
(Optiphase-1, Fisons) was added to each vial. Incorporated 3H—thymidine was counted in a
"Packard 2660" scintillation B-counter and corrected for background radioactivity and
quenching. 3H—thymidine uptake in spleen cells from animals injected with saline only was

taken as 'background' and a stimulation index (S.L) was calculated as follows:-

SI = Mean c.p.m. in SRBC injected animals

Mean c.p.m. in saline injected animals as control

C.p.m. = counts per minute

4.2.14 Scale Transplantation '

Preliminary studies were carried out on adult fish to develop graft techniques and
investigate mixed leucocyte reactivity in virro. The grafting procedure followed that
described by Hildemann (1968) and improved by Rijkers (1977). Ten pairs of individually
tagged adult Tilapia of similar size were used for allografting studies in this experiment.
Individual fish acted as both scale donors and hosts in each pair. Fish were anaesthetised in
MS 222 for about 20 minutes and three scale grafts were reciprocally transplanted between

fish of each pair by plucking single scales from their attachment pockets in the skin with
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fine forceps, and placing individual allografted scales in the empty pockets thus created.
The overlapping adjacent scales were generally sufficient to hold grafted scales in place.
Five control fish received scale and autografts. All grafted fish were maintained at(21 -
279C)as described previously. Grafts were examined every two days post transplantation
and end point rejection was assessed by noting the time at which the opaque hyperplastic
tissue which overgrows scale transplants, became clear (Hildemann, 1957; Rijkers and van
Muiswinkel, 1977).

Second set \grafts were applied from the original donors 27 days after first set

allografting.

4.2.15 Mixed Leucocyte Culture
The technique described is similar to that described by (Ruglys, 1985). Cells were

collected aseptically from the pronephros of adult Tilapia and were resuspended in medium
as described in section 4.2.13. To achieve a concentration of 100 cells/ml. For each

experiment, 100 pl of cell suspension from one fish (A) was placed into each of three wells

of V-bottom microtitre plates (Sterilin) and mixed with 100 pl of cell suspension from the

oth& fish (B), this combination of cells was designated (AB).

Control wells contained 200 pul of cells from fish A (AA) or 200 i of cells from fish
B (BB). Medium was put into the wells surrounding those containing cells in order to
reduce evaporative losses. The plate was covered and placed in an incubator at 26°C.,

Three days later 10 pl of tritiated thymidine (methyl-3H-thymidine, 2 Ci/mmol,
Amersham-International) was added to each of the microculture wells (2 uc per well), and

the plate put back into the incubator for 24 hours.
Cell harvesting was performed with a Skatron cell harvester and processed for
scintillation counting as described under a previous section.

The index of stimulation for each set of cultures was calculated as follows:-

S = 2x mean counts of AB

mean counts of AA + mean counts of BB
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43 RESULTS

4.3.1 Serum Antibody responses in Adult Fish

Cellular and Humoral Antibody production to sheep red blood cells (SRBO)

Figure 4.1 demonstrates that all the immunised adult animals consistently showed an
increased antibody response to SRBC. Serum antibodies were detected from the second

day onwards after immunisation with sheep red blood cells. In this and subsequent
experiments all antibody titres are expressed as (-logs). A mean haemagglutinating titre

equal to 0.66 was detected on the second day (Fig. 4.1). The peak haemagglutination
response occurred on the eighth day after injection of SRBC. The antibody level declined
slowly thereafter and no titre was detectable by the fourteenth day post injection. All saline
injected controls were negative for haemagglutination. No cross reactivity was found when
antisheep red blood cells sera from three immunised fish were incubated with chicken red
blood cells (CRBC), rat red blood cells (RRBC) and mouse red blood cells (MRBCOC).
Saline injected control animals also gave negative results with all the ant gens used in testing

cross reactivity (CRBC, RRBC and MRBC).

Secondary Response to Sheep Red Blood Cells

Following a second injection of SRBC nineteen days after primary immunisation,
haemagglutinating activity was detected two days after secondary challenge. The antibody
titres recorded at this and later stages of the secondary response were generally higher than

those recorded during the primary response and also persisted for slightly longer (Fig. 4.1)

4.3.2 Plaque Forming Cells

Different groups of immunised fish were sacrificed at 2, 5, 8, 11 and 14 days after
injection with sheep red blood cells for detection of plaque forming cells in spleen and head
kidney. The results are shown in Fig. 4.2. Both large and small haemolytic plaques were
formed by lymphocytes from these organs. No background plaque forming cells were
observed in the spleen and head kidney of saline injected controls. As shown in Table 4.12

in Appendix 11, increased mean numbers of plaque forming cells (40 and 50
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PFC/100 white cells respectively) were detected in both the spleen and head kidney on the
second day after injection with 20% sheep red blood cells, and 100 and 120 PFC/ 106 white
cells were detected in the spleen and head kidney respectively on the fifth day after

immunisation. This increase continued until maximum mean numbers of PFC were

observed. These were 407PFC/10° white cells for spleen in the eleventh day, and 3,352
PFC/100 white cells for head kidney on the eighth day. Plaque forming cell numbers in
both organs subsequently declined to zero by the fourteenth day post-injection (Fig. 4.2).

A second group of fish were subjected to a second injection of sheep red blood cells,
nineteen days after primary immunistion, and were sacrificed on days 2,5,8,11, 14 and 16
after the second injection. As shown in Fig.4.2, the mean number of plaque forming cell
was 628 PFC/100 white cells in spleen and 1,145 PFC/100 white cells in head kidney on
the fifth day. The peak responses recorded were 2,240 PFC/ 100 white cells for spleen
and 1,765 PFC/ 100 white cells for head kidney, both occurring on the eleventh day.

In these experiments there was a direct correlation between the time of appearance of
plaque forming cells and serum antibody levels. The maximum number of plaque forming
cells was observed in spleen three days after the peak serum antibody levels and on the
same day in head kidney during the primary response. During the secondary immune
response the maximum number of plaque forming cells was observed in spleen and head
kidney on the same day as the peak serum antibody levels. The PFC response in head
kidney after the first injection of SRBC was higher than that observed in spleen. However

the opposite happened after the secondary injection of sheep red blood cells.

4.3.3 Production of Antigen Reactive Cells in L ymphoid Organs

~ The sensitive immunocytoadherence assay was employed to detect total antigen
reactive cells in lymphoid organs of immunised and control fish. In this experiment rosette
forming cells were detected 2 days post immunisation, and the mean maximum number of
rosettes observed during the primary response was 5,961 RFC/106 white cells in head
kidney and 8,240 RFC/IO6 in spleen. The peak response for both organs was seen on the

eighth day post immunisation (Fig. 4.3).

- 92 -




‘(Ajoarydosb umoys oq oy jpws ooy s1 so0s pJopuDn]g)

085 Yyyim sbuajpys Auopuoass pup Aapwitad

mc_;oLo* DJIqUDSEOW o_qc_:@: 1inpo jo xo:%:_ poay pup
i

usajds ayy ul (D4d) slied Buiwioy @:vo_ JO s01jauly
usbijuo yym uoroafur 49)40 shog uaadg 2t
£2upty pooH m—u
5 0
7 l\)‘!%l D
- 006
000! &
00! % .
—_— [ea)
© !
[e)}
000¢ =
0062 =
untyosful Auopuodss Jo swiy ‘gl v
000¢

v by




(Lnootydosb umoys »g o) |DWS 003 S1 40.4IB plopunyg)
885 Yym abuapoys Asopunoes puo

Aaowiad oc_;c__E DIIqUIDSEOW DIdoj] Jo Asuply ppay puo
:uu_am Yy ul (524Yy) sN90 buwaoy ayjasoy jo SUBETITRY

usbiyuo yym uoiyoslur say14o sfog

Asupy poay -t

usa|dg y—w
0¢ 62 0z Gl 0l G D
| | Ly L _ | 1
z -
L 0007 =
pew)
[}
- 000+ ™~
[
e,
=
- pooa s
uoryvalu) Auppuores jo swi)
0008

£ by

- 94 -




In the secondary immune response the mean maximum number of rosette forming cells
was 8,406 REFC/ 100 white cells in spleen and 5,336 RFC/ 109 white cells in head kidney,

and the peak response was evident on the eleventh day for both organs (Fig. 4.3).

43.4 Antibody Response to Escherichia coli

Figure 4.4 demonstrates the primary and secondary immune responses of adult Tilapia
mossambica to Escherichia coli. Following primary challenge, the maximum titre (8) of
bacterial agglutination for adult fish was seen in the 4th week post-injection and gradually
declined to zero by week 6. In the case of the secondary immune response, the maximum
titre achieved was 10 by week 3 post-challenge, thus giving a higher titre than that observed
during the primary immune response. This titre gradually decreased to zero by week 6.
There was no detectable reactivity of anti-Escherichia coli serum to Klebsiella aerogenes.

Control fish injected with saline were all negative for bacterial agglutinins.

4.3.5 Hyperosmotic Administration of Escherichia coli

Escherichia coli administered by hyperosmotic infiltration produced only a poor serum
antibody response. Titres did not exceed 3.2 (-logp) at any time, and were certainly less

than the titres seen following immunisation via the intraperitoneal route (Table 4.1).

Table 4.1
Antibody Titres of Tilapia mossambica Immunised withEscherichia coli
by Hyperosmotic Infiltration
Day Tested 7 14 21 28 35 42 49 56
Mean of Ab
as -logp
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4.3.6 Antibodv Response to Human Gamma Globulin (HGG)

The antibody response to HGG as measured by passive agglutination of latex particles
is seen in Fig. 4.5. During the primary response maximal agglutinin titres were seen 1 - 2
weeks post injection and declined slowly to zero by the fourth week post challenge.
Following secondary challenge with HGG, maximal antibody titres were double those seen
during the primary response, but again declined to zero by the fourth week post
immunisation. Antibody responses for both E. coli and HGG were slower to develop and

more persistent than those recorded for SRBC.

4.3.7 Ontogenesis of Humoral Immunity in Frv

The response to SRBC

The humoral immune response to SRBC following antigenic challenge at different
times during ontogeny is summarised in Table 4.2. A sidgle injection of SRBC at 10 weeks
of age failed to elicit detectable haemagglutinin titres in the sera of fry examined over a
period of six weeks post injection. Similarly, antigen injections at 10 weeks and 7 days
later also failed to promote an anti-sheep red blood cell response. Only fry receiving SRBC
injections at 10 weeks and 12 days later were able to produce antibody against this antigen.
The response was slower to develop and more persistent than in adults. Specific
haemagglutinin titres were first detected in this group from the first week post challenge and
after achieving a peak titre of (6.98) at two weeks post-injection, slowly declined to
background levels over the next three to four weeks (Fig 4.6).

Antibody specificity was tested against rat red blood cells, mouse red blood cells and
chicken red blood cells but no cross-reactivity was detected. Saline injected controls gave

no detectable antibodies against SRBC.

PFC in Fry Immunised at 10 weeks of age with SRBC

Because of the difficulties experienced in obtaining adequate numbers of lymphoid
cells from fry, the PFC response was only studied at 14 days post SRBC injection. This
time was chosen to coincide with the maximal observed titre of haemagglutinating

.antibodies in the serum (Fig. 4.6). Table 4.3 shows the results of experiments on four

._97..




UTTNnqo13 euweld uewny o3
eorquessow eideyT] 3inpe Jo ssuodssa
QUNUWE T[eJouwny AJIepuod9ss pue AJewypdd

& = |

ssuodgoa LIepuooag [ —

osuodeaa Axewpay A».\)ﬂWWI%N

uddrjue YjgMm uofloafurg umom 83{90M
9 S v S 4 L

-3'3.; (ZEO{—) s913111 uturlinig8sy
- 98 -

S BTd




9 "H'3L] Ul UMOYS QI SINSII [ROPIAIPU] ¥

usdnue Jo uondAur [RULy ID1JE SHIIA €

1891 uoneunni3gewaey Aq passasse Sy 14

93® Jo syoaM (] = ( owi], I

+ + + + + +
14 A A
) o ) ) ) A
- o - ) - A
¢ SYMg Y 14 £ (4 I (4! L 0
sKep ur
z asuodsay Apoquuy I suonoafur jo owry,

0t

0t

0¢

ystd
Jo TequunN

AU 03 A1 JO a5u0dSay Apoqnuy a4 JO S0UISIAWL] daUIS0IU()

[AZEICLA)

[oa)
(o)}
|




A1)

— (D

‘8]0 poojq pes dosys 0) (p1o sxoom 0l)

parquessow odojil jo ssucdses sunwwi Aol

vabyyuo yym wvoryoalui-yend B8

b ¢ Z |
| _ _ _

(10117 paepuel§ = *F°S)

"@rs 7 ( 2baj-) saun worjourin|bbowsoy

100




ATU0 DS 10§

VO F €1 vo + 911 1€ ¥ SL'88I LT F €¥C UBI\ 1810],

- ) - - DO

- } - - QI

IT°0 ¥ 0T°0 LO0 F+ LOO 9T ¥ €L vl + 79 oddd
760 F 16T €S0 F 9¢'1 8¢ + ¢8I 09 F 16¢ OHdS
600 F ¥£°0 ve0 + 791 9¢ + 91 S F 1T Q4dS
wo F LTI €€’ F €60 eV F €€l 8y + 09¢ o4gdSs
SPOF LOT €60 F €L°0 € F 8LI 0€ F0TT OqAS
a's F Aoupry asF 'a’S F Aoupry ‘as¥ Ddd
peay [onuod uaapds jonuoo peay parean u29[ds pojean Sunsa], 103

JO S[120 anym JO S[30 Aym JO S92 A3Iym JO S[[20 AAyMm pasn
g 01/0dd Ues o O1/0dd UPaN 01/0dd Ued o01/0dd Ueo uagnuy

SAUS (PIM tonestanuii] 1318 SAe(] 1

ATJ JO A3UPL3] PEoL] PUE U99[dS UL 95U0dSay [[9)) SUIIIO, a0be[q

v 21qeL

|
L
(@]
v~




groups of fry. The mean number of PFC/ 106 white blood cells in the spleen was 243 + 17
PEFC/ 109 white blood cells and in the head kidney the mean number was 188 £ 31
PFC/100. No PFC were observed against mouse and chicken erythrocytes, but small
numbers of PFC were seen when spleen and head kidney cells from SRBC immunised and

control fry were incubated with rat red blood cells.

RFEC in Fry Immunised at 10 weeks of age with SRBC

RFC in fry were measured at the same time as PFC assays were carried out. As
shown in Table 4.4, the mean number of RFC/100 white blood cells in the spleen was 29 £
17 RFC/100 white blood cells and in the head kidney the mean number was 23 £ 10
RFC/108 white blood cells. No RFC were observed against rat, mouse and chicken

erythrocytes.

The response of Escherichia coli

Table 4.5 shows that, as with SRBC, a single injection of bacteria at 10 weeks of age
did not stimulate antibody production. However fry challenged with Escherichia coli at 10
weeks and 12 days later did produce detectable bacterial agglutinins as detailed in Fig. 4.7.
These antibodies were specific for Escherichia coli as judged by their lack of
cross-reactivity with another bacterial species (Klebsiella aerogenes).

The effects of FCA on the anti-bacterial response are seen in Table 4.5 and Fig 4.7.
Antibody titres were higher in the group of fry injected with E. coli in FCA emulsion than in
the group receiving bacteria in saline alone. The highest agglutination titre in this group was
11 compared to a maximal titre of 8§ in the group injected with bacteria in saline.
Non-immunised control fry produced no humoral reaction against Klebsiella aerogenes but

did exhibit low background titres of agglutinin to E. coli (Fig. 4.7).

The response to Human gamma globulin (HGG)
The data presented in Table 4.6 show that whilst 5 week old fry failed to respond to

HGG challenge, fry challenged at 10 weeks and 12 days later with the same antigen

produced detectable antibody titres as assessed by passive haemagglutination of
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HGG-coated latex particles. Administration of HGG in FCA emulsion produced higher
agglutinin titres than injections of saline dissolved antigen. The highest titre obtained
against HGG administered in FCA was 13.7 (day 28) as shown in Fig 4.8 compared with a
maximal titre of 7.2 (day 28) against HGG dissolved in saline (Fig. 4.9). Non-immunised

control fish produced no antibodies against HGG.

Long Term Effects of Earlv Exposure to Antigen

SRBC

Table 4.7 shows that groups of fry given either a single injection of SRBC at 10
weeks or two injections of the same antigen at 10 weeks and 12 days later, failed to
respond to a further challenge with SRBC 56 days after the first injection. These findings
contrast with those for two groups of fry which were challenged with SRBC for the first
time at 126 days of age (10 weeks + 56 days) which both produced heightened levels of

haemagglutinins (Fig. 4.10) represents one of these two last groups.

Escherichia coli

The effects of early exposure to Escherichia coli on responses to the same antigen in
later life are summarised in Table 4.8. An injection of bacteria (E. coli ) at 10 weeks
followed by two more injections 12 days and 56 days later resulted in a prolonged antibody
response which was first detectable one week after the final injection and persisted for about
8 weeks post injection when observations ceased as outlined in Fig. 4.11. A similar pattern
of antibody response was seen when the first and final injections of bacteria were
administered in FCA/saline emulsion. In this case, the maximal agglutination titres were

nearly the same as those observed for fish injected with bacteria in saline as shown in the

same figure.

4.3.8 Histological and Proliferative Changes following Exposure to Anticen

Imprints
Cellular imprints taken from spleen, head kidney and thymus of SRBC injected fish

were examined at intervals following tritiated thymidine injection. Studies over a four day
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period after the injection of radioisotope revealed heavy labelling of cells. Imprints of head
kidney cells taken at 1 - 2 days post thymidine administration were so heavily labelled that
quantitative counts were not possible. Indeed it was often difficult to precisely quantify the
percentage of labelled cells in imprints treated for autoradiography.

Figure 4.12 shows an imprint taken from the head kidney three days after tritiated
thymidine injection and ten days after injection with SRBC. Large numbers of labelled cells
are present but it is difficult to discern any histological detail of the cells involved. They are
presumed to be lymphocytes in the process of cell division. Both spleen and head kidney
imprints showed increased levels of labelling, when compared with imprints taken from

non-immunised saline injected animals.

Autoradiographical Studies
Figure 4.13 illustrates a section of the spleen from a fish injected with SRBC 7 days

prior to administration of tritiated thymidine. Four days after injection of the radioisotope,
heavy concentrations of label are evident thrbughout the spleen., The label occurs in
localised areas throughout the spleen and may reflect accumulations of dividing cells. A
similar pattern of labelling after tritiated thymidine was seen in sections of head kidney.
Particularly high levels of label were seen on the 3rd day after tritiated thymidine injection.
Labelling was low or absent in spleen and head kidney of saline injected control fish.

Labelling in the thymus of both control and SRBC injected fish was generally
restricted to zones of cells just below the thymic capsule. There was no apparent increase
in label in the thymus of the immunised fish.

In general the heavy concentrations of label observed made it difficult to examine

histological details of labelled cells.

Histology of Lymphoid Organs in Immunised Fish

Histological sections of spleen and head kidney from HGG and Escherichia coli
injected fish were examined following staining with methyl green pyronin. The results
obtained with this stain were variable, but in well stained sections it was possible to discern

clusters of pyroninophilic cells in both spleen and head kidney of immunised fish.
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Autoradiograph of Kidney imprints from fish immunised with 20%
SRBC and killed 3 days after 3*H thymidine injection. Note, the
silver grains labelling the division of cells appearing as dark spots.
Magnification 512. Stain - Methyl green pyronin

Exposure time is 4 weeks (as in Appendix 7).

Autoradiograph of spleen section from fish, immunised with 20% SRBC

and killed 4 days after 37H thymidine injection. Note the presence of
labelled cells.

Magnification 400. Stain - Methyl green pyronin.
Exposure time is 4 weeks.
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A comparison of spleen and head kidney sections taken from immunised fish over a period
of 5 weeks revealed that pyroninophilia was more pronounced in the cells of the head
kidney. Pyroninophilic cells were detected one week after immunisation and persisted in the
head kidney for up to five weeks.

The level of pyroninophilia in the spleen was more variable and in some immunised
fish, no pyroninophilic cells were detected at all. Studies on fish at 4 and 5 weeks post
antigen challenge revealed little or no pyroninophilic staining in the spleen. Levels of
pyroninophilia in the spleen and head kidney of control fish were low or absent. The
thymus of both control and immunised fish showed little or no evidence of pyroninophilic

staining (Table 4.13 - Appendix 12).

439 Proliferation in Spleen of Adult Tilapia 7 davs after Injection of SRBC

The following (Table 4.9) shows the results of experiments on 3H~thymidine
incorporation in vitro by spleen cells of three SRBC injected fish and three saline injected
control fish as assessed by scintillation counting.

Statistical analysis using Student's t-test confirmed that the stimulation indices

observed in experiments 2 and 3 were significant (p = < 0.05).

Table 4.9
Proliferation in Spleen of Adult Tilapia
Mean counts per minute Mean counts per minute
in spleen cells from SRBC in spleen cells from control
Experiment  injected Tilapia mossambica uninjected Tilapia mossambica  S.I.
1 717 £ (269) 444 + (100) 1.6
2 291 £ (20) 124 + (01) 2.3
3 228 £ (13) 141 = (6) 1.6

- Each count represents three suspension aliquots from one individual
- S.L is the stimulation index
- S.E. standard error given in parentheses.
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4.3.10 Mixed Leucocyte Culture

The results of this reaction as shown below in Table 4.10. The stimulation indices

observed for the three experiments ranged from 1.4 to 4.2.

Table 4.10
Mixed Leucocvte Reactivity in Spleen and Pronephros of Tilapia

Type of cell Stimulation Index
Exp suspension S.IL
1 pro j + prop 1.4
Sp1 +Spp 1.5
2 proj + prog 1.75
Sp1 + Spy 4.2
3 proj + prop 1.6
sp1 +spp 1.4

pro = pronephros
sp = spleen
All S.I. were significant (P = < 0.05) as assessed by student's t-test

4.3.11 Scale Transplantation
Table 4.11 (in Appendix 10) shows the results of allograft rejection studies on adult

Tilapia. The mean survival time for first set grafts was (6.6 £ 1.2) days. Second set

grafts were always rejected in acclerated fashion and gave a mean survival time of (4.8 +

0.6) days.

4.4 DISCUSSION
This study describes the kinetics of primary and secondary immune responses to sheep

red blood cells, Escherichia coli and HGG in Tilapia mossambica adults and fry of 10
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weeks old. The humoral immune response to SRBC was studied by injecting the animals
with SRBC and the peak response was determined by counting the numbers of plaque
forming cells (PFC/ 100 WBC) and measuring haemagglutinating antibodies in serum. For
adult Tilapia, anti-sheep red blood cell antibodies appeared within two days after
immunisation at 32°C and in the primary response, the peak response for
haemagglutination occurred on day 8 post-injection. A second injection of the same
antigen always elicited a higher level of antibody response, and the peak titre was reached
on the eleventh day. The secondary response was also more prolonged than the primary
response. The individual variability of antibody titres reported here is typical of
immunological responses in poikilothermic vertebrates. The titres were also much lower
than those recorded for mammalian species (Manning and Turner, 1976). Mohan (1977)
reported that the humoral immune response to SRBC in Tilapia was dose dependent,
however the present study did not examine a range of antigen doses.

In 1975 Corbel, concluded that immunocompetent cells in teleosts in general are
localised not only in spleen but also in the thymus and head kidney. This observation is in
accordance with the findings of the present study. Although plaque forming cells were not
studied in the thymus, they were detected in the spleen and head kidney of Tilapia within
48 hours of immunisation. The. appearance of a maximum number of plaque forming cells
in the spleen and head kidney of immunised adult animals coincided with the time of the
peak serum antibody response. The primary response in adult Tilapia mossambica
showed a maximum of (407 £ 0.5 PFC per 106 WBC) on day eleven using spleen cell
suspensions and (3,352 £ 1 PFC) per 109 WBC on day 8 using cell suspensions from the
head kidney. This figure is comparable with those reported for other teleost fish such as
Salmo gairdneri (165 PFC per 106 WBC) (Smith et al. 1967) and Perca fluviatilis (848
PFC per 106 WBC) (Pontius and Ambrosius, 1972). A second injection with the same
antigen elicited a higher PFC response (5-fold increase) in the spleen at day 11 and a
similar (4 fold increase) in the head kidney. This heightened secondary reaction illustrates
the immunological nature of the PFC response. The occurrence of plaque forming cells in
spleen and head kidney following immunisation with foreign erythrocytes has also been

reported for blue gill (Smith and et al. 1967) rainbow trout (Chiller and et al., 1969) and
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perch (Pontius and Ambrosius, 1972). In these species, plaque forming cells appeared
four to six days after immunisation and peaked by about the fourteenth day at 17°C or by
the tenth day at ZOOC. In the present study, the peak response of plaque forming cells in
Tilapia at 32°C was found to be more rapid, possibly because the fish were maintained at a
higher temperature. In the present study the number of antibody secreting cells represented
by PFC/ 106 WBC was higher in the spleen than in the anterior kidney and this result is
similar to those obtained by others (Ambrosius & et al., 1971; Chiller et al., 1969; Pontius
and Ambrosius, 1972). One possible explanation for this difference is that the anterior
kidney contains both lymphoid and excretory cells in some teleosts. However, in Tilapia
there is little or no excretory tissue in the adult head kidney (see Chapter 3 and Sailendri,
1975).

The measurements of rosette forming cells (RFC) gives a more complete picture of
cellular reactivity in lymphoid organs than the plaque forming cell assay, since the rosette
forming cell assay detects any immune cells which have the appropriate surface receptors
for antigen, and these will presumably include T-equivalent lymphocytes as well as B-cells
which have not yet begun to secrete antibody. Evidence for an increase in antigen reactive
lymphocytes in both spleen and head kidney is provided by the immunocytoadherence
studies carried out here. Thus, the SRBC immunised animals showed a dramatic increase
in rosette forming cells when compared with control animals. As expected, the numbers of
rosette forming cells observed were far in excess of the numbers of plaque forming cells
recorded, and provided further evidence that both spleen and head kidney are major sites of
immunological reactivity.

The thymic dependence of PFC and RFC has not been widely studied in fish.
However, thymectomy throughout the first three weeks of larval life in the amphibian,
Xenopus laevis affected the heterologous red cell responses of young adults. No plaque
forming cells were observed in thymectomized toadlets. Mogreover, use of the immune
Cytoadherence assay, indicated a complete absence of induced responsiveness to SRBC in
the spleens of thymectomized toadlets, even in those animals thymectomized as late as 22

days of age. (Horton, Rimmer and Horton, 1976).
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In mammals, the hapten carrier effect has been used to demonstrate interactions
between T-helper cells and B-cells in antibody production (Raff, 1970). In teleosts,
hapten-carrier studies have also been performed and have suggested the presence of two
functional populations of lymphocytes : one of which responds to the carrier, the other
producing antibodies to the hapten (Stolen and Makela, 1975; Yocum, Cuchens and Clem,
1975). Whether the helper population is thymus dependent in fish has not been clearly
established. Experiments by Warr and et al,. (1977) investigated this tissue in the goldfish
(Carassius auratus ) and demonstrated that the hapten primed cells were found only in
pronephros and not in thymus. There have been few thymectomy studies in fish. Sailendri,
(1975) was unable to demonstrate any impairment of humoral immunity to SRBC
following adult thymectomy in Sarotherodon (Tilapia) mossambica. However
unpublished observations by Jayaraman (cited in Jayaraman et al., 1979) claim to have
demonstrated impairment of thymus dependent (SRBC) antibody production in adult
thymectomized Tilapia 2 - 3 months later. Responses to a thymus- independent antigen
(polyvinyl pyrrolidine) were unaffected. Further studies - particularly on fish
thymectomized early in life - are required to fully elucidate the role of the thymus in
antbody responses.

Two methods of administration were employed in the present study to investigate the
response of Tilapia mossambica to the bacterial antigen Escherichia coli. Intraperitoneal
injection was used for both adult and younger fish and the second method, hyperosmotic
infiltration, was used for adults only - the latter gave a very weak response in comparison
to the first route of injection. The effect of hyperosmotic infiltration, especially in young
fish, needs to be carefully examined to determine the risks of inducing tolerance by early
exposure of the lymphoid system to antigen. Also, the possible effects of stress in young
fry subjected to hyperosmotic infiltration needs to be investigated as it is known in
mammals that corticosteroid hormones can cause involution and destruction of the
lymphoid tissues (Burnet, 1962).

A number of workers have used pyroninophilic staining in lymphoid organs as an
indication of immune reactivity in lower vertebrates (Secombes, 1981). The presence of

pyroninophilia is thought to be related to the presence of large amounts of cytoplasmic
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RNA, and therefore an indication of active protein synthesis. It is a characteristic of
protein secreting cells such as plasma cells. Immunisation of Tilapia mossambica with
Escherichia coli in saline, elicited pyroninophilia in pronephros and spleen during the
subsequent immune response. In this experiment the number of pyroninophilic cells in
pronephros was higher than that in the spleen. The increase in pyroninophilic cells in the
pronephros and mesonephros roughly concides with the first appearance of circulating
antibody, plaque forming cells and rosette forming cells during the first week after
antigenic challenge. In other poikilotherms, such as the frog, Xenopus laevis (Turner and
Manning, 1973) a large increase in pyroninophilic cells, but not plasma cells, was noted
after immunisation. At the same time the numbers of pyroninophilic cells increased for
about 4 weeks, during which time some loose clusters of cells were formed. Secombes
(1981) suggested that the large pyroninophilic cells seen in carp during an immune
response were just a proliferative phase. Horton and et al., (1977) demonstrated that the
spleen is a major site of alloimmune reactivity in Xenopus, and reported that examination
of well stained autoradiographs revealed that large pyroninophilic cells were invariably
labelled, suggesting that these lymphoid cells are a proliferating population. Turner and
Manning (1973) suggested that the pyroninophilic cells appearing after immunisation may
be involved in antibody secretion. Fish, like all poikilotherms, lack germinal centres
however, the pyroninophilic cell clusters seen in the mesonephros following HGG
injection in saline, and those seen in the pronephros after injection with HGG and with
Escherichia coli, appeared to be sites of .cellular reactivity. These cell clusters do not occur
until after the time when antibody can first be detected in the serum and in some cases they
do not appear at all, even though antibody production is certainly taking place. So, they
are not the sole producers of antibody and may not be involved in antibody production at
all. In the present study on Tilapia mossambica and in studies on Cyprinus carpio

(Secombes, 1981) large numbers of pyroninophilic cells were seen by the third week after
immunisation. Pyroninophilia was accompanied by other marked cellular changes
including an increase in the number of lymphocytes in the splenic red pulp this increase in

cell numbers occurred following injection of both SRBC and HGG.
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The increased pyroninophilia reported here was accompanied by evidence of cellular
proliferation as revealed by autoradiographic and scintillation counting studies. These
confirm that the spleen and head kidney are major sites of immune reactivity in Tilapia
mossambica. High levels of 3H-TDR labelling were apparent in imprints of thymus,
spleen and head kidney of fry following antigenic challenge with SRBC. In general the
highest levels of label were seen in head kidney (pronephros) followed by spleen cells and
thymus in descending order of labelling. In many slides it was difficult to accurately
assess the numbers of labelled cells and indeed some slides were so heavily labelled that it
was impossible to perform labelled cell counts. In the autoradiographic experiments,
increased levels of label were seen also in the lymphoid organs of fry (head kidney and
spleen) following challenge with SRBC. In the spleen these studies revealed labelling of
cells in both white pulp and amongst the lymphoid accumulations of the red pulp.
Labelling in head kidney of Tilapia was observed in lymphocytes throughout the kidney
ti~ssue, however, labelling in the thymus of immunised fry was restricted to the peripheral
zone and was not noticeably higher than that seen in control fish except in a few slides.
Scintillation counting experiments were only carried out on adults, since it was difficult to
obtain enough cells for in vitro labelling from fry. These studies revealed increased levels
of proliferation in the spleen of antigen injected fish when compared with those of saline
injected controls. The proliferative changes reported here for the spleen are similar to those
reported elsewhere in other poikilotherms (Turner and Manning, 1973; Horton and et al.,
1977).

The effects of administration of antigen using FCA was also studied in Tilapia, and it
was found that the antibody titres obtained following injection of Escherichia coli in FCA
were higher and persisted for longer than titres obtained by injection of the same antigen
without FCA. The higher titres and longer duration of the antibody response using FCA
are probably the result of a number of factors. In mammals, adjuvants are known to
enhance the immune response in a number of ways. Antigen in emulsion is more resistant
to dispersal and can therefore be released over a prolonged period of time to stimulate
antibody production. FCA also coniains extracts of Mycobacterium tuberculosis which

are known to stimulate the immune response, possibly via the induction of soluble,
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non-specific, macrophage products such as Interleukin-I, (Roitt, Brostoff and Male,
1985). Krantz et al., (1963) reported that high antibody titres to A. liguifaciens in brown
trout (Salmo trutta) persisted for two years after administration of vaccine emulsified in an
oil adjuvant. Antibody titres in fry of the same species, (to the same antigen suspended in
FCA) persisted for more than eight months, whereas the antibody titre obtained after the
injection of the same antigen with saline solution was lower and began to decline after only
three months (Khalifa and Post, 1976). In 1974, Paterson and Fryer reported similar
results using A. Salmonicida and juvenile coho salmon (Oncorhynchus Kisutch).
Secombes,(1984) employed a different approach to antigen presentation and concluded that
priming with immune complexes can under certain circuinstances be as effective as priming
with adjuvant. However, it was also stated that the use of immune complexes in place of
adjuvants may be limited by the type of antigen used for immunisation. Results obtained
. from studies on antigen presentation may help in understanding factors which promote
long term immunity in fish and may therefore be of considerable imiaortance in establishing
successful vaccination procedures.

In addition to studying the immune responses of adult fish, the experiments presented
here extend our knowledge of the ontogenesis of immunological competence in Tilapia
mossambica. A single antigenic challenge at 10 weeks of age or earlier failed to provoke a
humoral immune response to SRBC and E. coli. Fry challenged with two injections of
HGG at 5 weeks of age and 12 days later also failed to respond positively. However a
first antigenic challenge at 10 weeks of age followed by a second injection twelve days
later resulted in the production of PFC in spleen and head kidney, together with detectable
serum agglutinin titres. Taken together these results would seem to indicate that the ability
to respond immunologically to a range of antigens appears sometime between 10 weeks of
age and twelve days later. For SRBC at least, the emergence of immunocompetence may
be pinpointed to a stage later than 11 weeks of age since injections at 10 weeks and 7 days
later also failed to elicit a humoral immune response.

By 10 weeks of age in the present study, Tilapia fry possessed a spleen with small
lymphocytes and well differentiated red and white pulp, together with structurally mature

thymus and head kidney which, despite being smaller, showed most of the features of the
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adult lymphoid organs (Chapter 2). The lack of immune responsiveness following a single
antigenic challenge at 10 weeks may have been the result of too low an antigen dose.
However, it may indicate that even though small lymphocytes are present in all the major
lymphoid organs, this in itself does not signify the aquisition of full immunological
competence in Tilapia. In this respect, it would be important to determine when surface
immunoglobulins first became apparent on Tilapia lymphocytes during ontogeny. As in
mammals, these molecules may be important in antigen recognition. _

It is clear that there is a good deal of variability between fish species with regard to the
onset of detectable immunological competence. This is also true of higher vertebrates. The
developmental stage at which immunocompetence to different antigens appears varies from
species to species. Solomon,(1981) has proposed the concept of an "immunological
clock”, whereby each species acquires the ability to respond to particular antigens at a
certain stage during ontogeny. For mice, the point at which the ability to respond to a
given antigen appears to vary between different inbred strains and appears to be related to
the possession of different MHC antigens (Rowlands, Collins, Raab and Bonner, 1979).

For amphibians, Horton,(1969) correlated the appearance of the allograft response with

the maturation of the thymus gland, and in sequential thymectomy studies (Horton et al.,
1977) was able to demonstrate that thymectomy at different stages of development resulted
in differential impairment of cell mediated and humoral immune responses.

Further studies are required in order to establish whether such a strict developmental
heirarchy of antigen responsiveness exists in j‘ilapia and other teleosts.

When compared with adult Tilapia , the immune responses seen in younger fish were
slower to develop. Studies of PFC in fry revealed a longer latent period prior to the
detection of antibody producing cells in spleen and head kidney. Furthermore, total
numbers of PFC observed in immunised fry were less than those seen in adults. One
unusual feature of the humoral immune response of fry when compared with that of older
fish, was that the response in fish immunised as fry was often more persistent than that
observed in the adult. A similar phenomenon was reported by Khalifa and Post,(1963) for
brown trout fry. Although the most persistent titres resulted from the injection of antigen
suspended in FCA, fry injected with antigen in saline only, gave responses which only
began to decline after three months.
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In studies on the effects of early exposure to antigen on long term responsiveness of
Tilapia, there was a marked contrast between the data obtained for SRBC and E. Coli..
Fry immunised with SRBC at 10 weeks of age and twelve days later gave no detectable
antibody response following secondary challenge 56 days after the first injection. Earlier
studies presented here have shown that the period during which the first injections were
carried out corresponds to a time when the ability to respond to different antigens,
including SRBC, is first emerging. The possibility must be considered that exposure to
antigen during this period may give rise to a form of immunological tolerance in later life.
In mammals it is well established that exposure of the immature lymphon to antigen can
result in -speciﬁc persistent immunological tolerance (Humphrey & Frank, 1976); Howard
& Mitcheson, 1975; Howard, 1979). This apparent induction of tolerance in young
Tilapia exposed to SRBC at 10 weeks and 12 days later is seemingly at variance with our
earlier findings that SRBC challenge at these times elicited both PFC and humoral antibody
production when observed immediately after the second injection. It may be that the ability
to respond to SRBC emerges at slightly different ages in different batches of fry. Further
studies are required to clarify this issue.

Tolerance induction following early exposure to SRBC has also been described by
Van Loon et al.,(1981) in carp. They were able to demonstrate tolerance induction to
SRBC in carp injected at 4 weeks of age and challenged with a second injection some 3
months later. However, the induced unresponsiveness may not be very long-lasting since
by 5 or 13 months after the first injection a secondary challenge induced a normal primary
reaction (Van Muiswinkel). In adult carp a stage specific and long-lasting tolerance can be
induced at low temperature in fish previously injected with a high dose of soluble antigen
(Serero and Avtalion, 1978; Avtalion et al., 1980; Avtalion, 1981). The factors which
might possibly lead to tolerance induction in young fish therefore require further
investigation.

In marked contrast to the findings for SRBC, early exposure at 10 weeks and 12 days
later to E. coli as an antigen gave rise to prolonged increased titres of antibody following
secondary challenge in later life (56 days after 1st injection). The results obtained here for

E. coli may be compared with a study carried out by Khalifa and Post,(1976) on the
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immune response of brown trout to Aeromonas liquifaciens. They too were able to
demonstrate that exposure to bacterial antigens in early life resulted in the production of
persistent antibody titres against the eliciting antigen. In their study, high titres of antibody
against A. liquifaciens persisted for eight months. In the present study observations
ceased at 4 months through lack of animals but high titres of antibody against E. coli were
still being recorded.

The studies carried out here represent preliminary findings on the long term effects of
early antigenic challenge to the fish immune system. However, even from the limited
range of immunogens employed here, it is apparent that different antigens can produce
quite different effects on adult immunity when introduced during early life. The
implications of such findings for studies on fish vaccines are far-reaching , since challenge
with a vaccine at an inappropriate stage during ontogeny could result in tolerance rather
than immunity.

Cell mediated immunity in adult Tilapia was studied here by examining the rejection of
scale transplants and by examining the in vitro proliferative activity of spleen and head
kidney cells in the mixed leucocyte culture (MLC). Time did not permit more extensive
studies on adults nor was it possible to study these reactions in fry, but it is hoped that the
results reported here may prove useful in establishing techniques for further examination of
CMI in Tilapia . Adult Tilapia were able to reject first set allografts in acute fashion (MST
6.6 = 1.2 days) and demonstrated accelerated second set rejection times (MST 4.8 £0.6
days) when re-challenged with scales grafted from the original donor. Rejection times for
third party grafts were not examined and the specificity of the immunological memor;
demonstrated here has therefore not been confirmed. The rejection times reported here
correspond closely to those described for Tilipia by Sailendri (1973). Rejection times in
fry have not been examined, but Sailendri has shown that 1.5 month old Tilapia rejected
grafts more slowly than adults. By 4.5 months of age, however, rejection times were
similar to those seen in adult fish. Six month old carp display a fully developed allograft
response (Rijkers and Van Muiswinkel, 1977) and Botham et al. (1980) have shown that
allograft responsiveness is present in carp fry at only 16 days of age. These results

suggest that fish develop allograft responsiveness early in life.

- 126 -

&g
£
z
{E




The development of the allograft response in the amphibian Xenopus laevis has been
correlated with the appearance of small lymphocytes in the thymus gland (Horton, 1969),
and it is now well established that graft rejection is abrogated or severely impaired in this
species by early thymectomy (Horton and Manning, 1972; Tochinai and Katagiri, 1975;
Rimmer and Horton, 1977). Few thymectomy studies have been carried out on fish, but
Sailendri,(1973) reported that adult thymectomy of Tilapia mossambica had no effect on
allograft and antibody responses, although the removal of the thymus in young adult
Tilapia at 2 months of age completely abolishes the response to SRBC. Prolonged
allograft survival has been reported in Tilapia thymectomized at four months of age
(Muthukkaruppan and Sailendri in preparation). Grace,(1981) found that rainbow trout
thymectomized at 2 months of age and allografted one month later, showed impaired
rejection times in comparison to non-thymectomized controls.

In mammals the mixed leucocyte culture (MLC) test has become a major technique for
the in vitro analysis of the major histocompatibility complex and its gene products. The
magnitude of the mixed lymphocyte response (MLR) or stimulation is determined by the
degree of MHC disparity between responder and stimulator cells. The use of MLC in fish
has met with varying degrees of success. McKinney et al.,(1976) consistently failed to
obtain a positive MLR in cell cultures from snappers, gars and sharks. Cells from
Salmonid fish, however, do seem to be capable of responding in MLC. Etlinger et al.,
(1977) obtained a positive MLR with peripheral blood leucocyte cultures from brown
trout. Ellis,(1977b) reported a positive MLR in salmon fry and described the ontogeny of
the reaction. The maximum stimulation index (~2) was relatively small, but nevertheless
considered to be positive. In the present study, proﬁcphric and splenic lymphocytes of
Tilapia responded positively in two way MLC. The stimulation indices obtained were
low, but similar to those reported in other teleost fish. Although the number of fish tested
were small, this is believed to be the first demonstration of MLC reactivity in Tilapia
mossambica. The MLC test maLy provide a suitable method for detecting the onset of cell
mediated immune reactions in small fry. This approach has been successfully employed

by Ellis,(1977b) in salmon fry.
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CHAPTER 5

GENERAL DISCUSSION

A study of the histogenesis of the lymphoid organs presented in this thesis, showed
that in Tilapia the thymus was the first organ to become lymphoid at 5 days post-hatching.
Lymphocytes were first seen in the head kidney at 14 days of age but were not seen in the
spleen until about 5 weeks of age. The spleen was slow to mature and at 5 weeks of age
was still predominantly erythroid in nature. By ten weeks the major lymphoid organs had
increased in size, and there was some demarcation of the thymus into cortical and
medullary zones and the spleen had begun to exhibit distinct areas of red and white pulp.
These findings are broadly similar to those described for Tilapia by Sailendri,(1973).

The present study was unable to shed any light upon the origin of stem cells in
Tilapia, but as in most other teleosts the thymus is the first organ to develop (Manning and
etal., 1982). Sailendri,(1973) suggested that thymocytes might migrate from the thymus
to the head kidney along a lymphoid "bridge" between the two organs. No physical bridge
was observed in the present study, but lymphocytes were occasionally seen in the area
between the thymus and head kidney. Ellis,(1977) suggested that in salmon, where the
head kidney becomes lymphoid before the thymus, stem cells may migrate from the head
kidney to the thymus during ontogeny. In the rainbow trout it has been suggested that
perhaps both thymus and head kidney develop their own stem cell populations (Grace and
Manning, 1980; Grace, 1981). Further approaches to determining the origins of stem cells
in Tilapia might include an extension of the ultrastructural observations commenced here
to include very early development of major lymphoid organs. This approach has been
used to identify the early appearance of stem cells in amphibians (Rimmer, 1977; Tochinai
& Katagiri, 1975). In order to observe the possible early migration of stem cells and
immature lymphocytes cell markers may be of value (Secombes et al.,1983a,b). Early
thymectomy of Tilapia fry might also prove useful in establishing the presence of thymus

dependent and thymus independent pathways of lymphoid cell development.
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Adult Tilapia were able to respond humorally to a range of antigens, to reject
allografts and produce MLR's in virro. Although the latter studies were only included as
pilot experiments in adults, both techniques could be usefully applied to younger stages in
order to provide further information about the onset of alloimmunity in Tilapia. Previous
studies have revealed that alloimmune reactions to grafts could be detected at approximately
six weeks of age, but that young Tilapia did not reject grafts as quickly as adults until they
were four and a half months old (Sailendri, 1973; Sailendri and Muthukkaruppan, 1975).
Ellis,(1977) has employed the MLR technique to study the onset of cell-mediated immunity
in salmon. Similar studies may therefore be possible with younger stages of Tilapia.

The humoral response of Tilapia was assessed using a number of techniques and,
following appropriate antigenic challenge, both fry and adult fish were found to give good
primary and secondary responses to SRBC, Escherichia coli and HGG. Studies on PFC
and RFC were correlated with the appearance of serum antibodies, and revealed that both
spleen and head kidney were major sites of specific cellular reactivity and antibody
production. Studies of PFC in adult thymus were not performed, but Sailendri and
Muthukkaruppan,(1975) have previously demonstrated the presence of PFC in the adult
thymus. (Unpublished studies in this laboratory have also shown the presence of PFC in
the thymus of fry injected at 10 weeks of age and 12 days later). Cellular reactivity in
spleen and head kidney was confirmed by histological observations and assessment of
cellular proliferation using autoradiography and scintillation counting, and these
observations serve to confirm that head kidney and spleen are important secondary
lymphoid organs in teleosts.

Despite the fact that the differentiation of the major lymphoid organs is well
advanced by 10 weeks of age, studies on the ontogeny of humoral immunity presented in
Chapter 4 suggest that, for Tilapia the period between 10 and approximately 12 weeks of
age represents a critical stage in the acquisition of antibody responsiveness to a number of
different antigens. Thus, the ability to respond to foreign erythrocytes, bacteria and soluble
protein antigen appears to emerge following two injections during this time period. Single
injections at ten weeks of age failed to elicit positive antibody titres under the conditions

described in this thesis.
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Previous research on Tilapia (Sailendri, 1973; Sailendri and Muthukkaruppan,
1975) revealed that immunological reactivity to SRBC occurred at two and a half months
after hatching, which is in line with the present observations. A survey of the onset of
immunological competence in other teleosts reveals a good deal of individual variation.
The humoral immune response to bacterial antigens appears to mature fairly quickly in a
number of different fish species. In addition to the present studies on Tilapia mossambica
fry, which showed persistent antibody titres following early exposure to E. coli; Tatner
and Horne, (1983) showed that, in rainbow trout, it was possible to raise protective
immunity to Vibrio bacteria following bath immersion as early as two weeks post-hatch.
The same species was found to produce antibodies against Aeromonas salmonicida vaccine
when immunised at three weeks post-hatch (Secombes, 1981) and also responded to
Aeromonas liquifaciens approximately 23 days after the start of feeding - about 40 days of
age (Khalifa and Post, 1976). Juvenile coho salmon were able to produce antibody against
Aeromonas salmonicida when they achieved a body weight of 1.2 grams (Paterson and
Fryer, 1974). Four week old carp, challenged by immersion in formalin killed Aeromanas
salmonicida were able to give an improved secondary response when subsequently
re-challenged (Mughal and Manning, 1985).

In constrast, rainbow trout failed to produce antibodies when challenged with HGG
at three weeks of age (Secombes, 1981); although in another study they were able to
respond to DNP-KLH (Dinitrophenol attached to keyhold limpet haemocyanin) by four
weeks post hatch (Dorson, 1974). In carp, van Muiswinkel et al.,(1985) found that
intramuscular injection of SRBC at 4 to 5 weeks of age did not result in PFC formation.
They also observed that there was a lack of responsiveness if the fish were given a second
injection 2 - 3 months later. However, this unresponsiveness or tolerance appeared
transitory in nature, since a second injection of antigen five or thirteen months later,
elicited antibody production.Van Loon et al.,(1981) also found that SRBC challenge gave
no antibody reponse in four week old carp. Studies on the response to HGG in carp of the
same age revealed that the antigen was tolerogenic if injected, but not if introduced by
immersion. Injection of HGG at 9 - 10 weeks of age did not result in tolerance or

immunosuppression (Mughal and Manning, 1985).
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The results summarised above have some parallels with the studies presented in this
thesis which showed that, in Tilapia, single injections of HGG or SRBC at 10 weeks of
age were unable to elicit antibody production. Furthermore, in one experiment, injections
of SRBC at this time and even two injections at 10 weeks and twelve days later, resulted in
a lack of responsiveness when the fish were challenged with the same antigen 56 days after
the first injection - a time when they would normally respond in a positive manner. By
way of constrast, early exposure to bacterial antigen in the form of Escherichia coli , did
not induce tolerance but gave rise to prolonged heightened titres of bacterial agglutinins.
The reasons for the differences in responsiveness of young fish to bacterial antigens and
other antigens such as HGG and SRBC is not known. However, Etlinger et al.,(1979)
observed that juvenile rainbow trout gave poor responses to T-dependent antigens at a
stage of development when they were already capable of producing antibodies against
antigens which are T-independent in mammals. Many T-independent antigens are
polyclonal activators with mitogenic properties and some, eg. L.P.S.
(Lipopolysasaccharide) and POL (Polymerized flagellin), are derived from bacterial
components. It is possible, therefore,that bacteria are able to trigger antibody production
in fish by virtue of inherent mitogenic qualities not possessed by other antigens. Thymus
independent antigens in mammals trigger IgM responses in B-cells without the need for
T-cell "help”, and it is tempting to speculate that this represents an ancient and efficient
mechanism which first arose in primitive vertebrates, in order to promote a rapid
agglutinating response against common determinants of bacterial cell walls and flagellae.

In amphibians, sequential thymectomy studies suggest that T-helper cells may
emerge from the thymus after the appearance of alloreactive T-cells (Horton et al., 1977).
Thymectomized amphibians are also capable of producing a humoral immune response
against thymus - independent antigens (Collie, et al., 1975). Whether the same is
generally true of fish is not known, but one study in Tilapia suggests that adult
thymectomy does not affect the humoral immune response to PVP (polyvinyl pyrrolidone),
a T-independent antigen (Jayaraman et al., 1979). Further studies are required to establish
whether Tilapia (and teleosts in general) possess T-dependent and T-independent

lymphocyte subsets.

_.132_




The onset of humoral immunocompetence and alloimmune reactivity in Tilapia
appears to occur later than that observed in a number of other teleost spécies, although
even 6 - 7 month old grey mullet (Chelon labrosus) gave no detectable antibody responses
following a single injection of HGG in adjuvant (Mughal and Manning, 1985). Grace,
(1981) has suggested that the different times at which each species attains immunological
competence probably depends upon their individual life styles. Thus, young stages of
Tilapia are protected inside the mouth of the parent fish until about three weeks of age.
Whether the young fry receive any passive immune protection during this time is not
known, but if hatchings are to survive away from the parent, they require constant
sterilization. According to Hildemann,(1962) at least one case of passive transfer of
immunity has been recorded in the Amazonian discus fish (Symphysodon discus). The
newly hatched fry feed upon parental skin mucous which is known to contain antibody and
appears to confer resistance égainst bacterial infection. Whether similar mechanisms
operate in mouth brooders such as Tilapia is not known.

Studies oh the emergence of immunocompetence are important for the development
of vaccination programmes involving immature stages of fish, since premature exposure to
antigen has been shown to result in tolerance rather than the desired state of immunity. Of
equal importance in optimising the immune response to antigens and vaccines are a number
of other factors including the dose of antigen; its route of presentation; its persistence
inside the body; and its physical state and manner and presentation. In mammals,
variations in one or more of these factors can result in tolerance rather than immunity (Roitt
et al., 1985). In recent years, fish immunologists have begun to study the importance of
such variables in fish vaccination and, to the list above, may be added the effects of
environmental temperature (Serero and Avtalion, 1978; Wishkovsky and Avtalion, 1982).
The present work has made some preliminary studies on the effects of adjuvant on the
immune response of Tilapia to HGG and E. coli and it is envisaged that future work will
extend these observations. It is apparent from the present study that the administration of
antigen in Freund's complete adjuvant leads to some enhancement of antibody production.
However, the use of adjuvant in fish culture may not be viable since secondary effects of
adjuvant may produce peritoneal lesions such as fibrosis and scarring which may affect the
marketability of treated fish (Horne et al., 1983).
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Pilot studies were also made of the efficacy of hyperosmotic infiltration of antigen
compared with intraperitoneal injection. These studies were only applied to adult Tilapia,
but it is proposed to extend the comparison to younger stages, particularly since injection
of small fry is difficult and time consuming, and produces some mortality. A number of
reports have shown that direct immersion in an antigen bath is an effective method for fish
vaccination (Egidius and Anderson, 1979; Gould et al., 1979; Anderson and Dixon, 1980;
Tatner and Horne, 1983). This method is particularly effective for small fish and promotes
good protective immunity against bacteria in young salmonids at 1 gram body weight and
greater (Johnson et al., 1982). However, Mughal and Manning, (1985) report that this
method is unsuitable for soluble antigens in young carp, although good secondary
responses were obtained following immersion of four week old carp in a bacterial vaccine.

A number of other methods of immunisation might also be investigated in Tilapia
including oral administration (e.g. Ward et al., 1985; Mughal and Manning, 1985). Ward
and coworkers found that antigen applied to food was able to produce immunity in
rainbow trout, but required a large number of antigen administrations over a period of 30
days in order to produce acceptable levels of immunity to Vibrio anguillarum. Another
means of immunising fish commonly used in the aquaculture industry is spray vaccination
(Gould et al., 1978). Here large numbers of fish may be vaccinated by spraying bacteria
over the body surface (Itami and Kusada, 1978; Rosenkrist-Jensen, 1982; Hockney,
1985). Together with bath immunisation, this method is unskilled and involves minimal
handling and stress of fish (Pickering and Willoughby, 1982); it is therefore widely
recommended for commercial vaccines.

The importance of temperature in the generation of immunity or tolerance could also
be investigated in Tilapia. In addition to the effects of temperature on vaccine
administration, such studies might prove useful in functionally dissecting out the different
sub-populations of cells involved in "helper” and "suppressor” functions in Tilapia.
(Although preliminary experiments by Avtalion et al., (1980) failed to produce tolerance in
Tilapia). Such studies, together with an extension of the thymectomy studies carried out
on Tilapia by Sailendri (1973) and Jayaraman et al.,(1979) could be combined with

attempts to raise monoclonal antibodies specific for different lymphocyte subsets
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(Secombes et al., 1983a; 1983b). A combination of such approaches, together with
studies on the effects of T-dependent and T-independent mitogens and antigens on Tilapia
lymphocytes, and the application of in virro MLR studies developed in chapter 4, should

provide a clearer insight into the functioning of thcirpmuﬁe system in teleosts.
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APPENDIX 1

Preparation of Escherichia coli Suspension

Using a sterile, pasteur pipette and teat, a small volme of 0.9% saline was added to
plates inocu}ated with Escherichia coli. A loop was flamed to red heat, allowed to cool,
and then gently rubbed over the surface of the plates to loosen the growth. Using a sterile
pasteur pipette and teat, the bacteria were washed off and collected. About four plates of
Escherichia coli washed off into one litre of saline gave a suspension of approximately

10%ells/ml"! . The number of bacteria was counted and adjusted using a haémocytometer

chamber.
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APPENDIX 2

Preparation of Hank's Solution
Stock solutions of the salt mixtures are convenient and are made up with ten times the

concentration of all the components except for the bicarbonate solution, which is made up

separately.

Phenol Red Indicator (0.4%)

This is made by dissolving 1.0g phenol red in the minimum volume of 0.05M

Na OH and then bringing the volume to 250 ml by the addition of distilled :water.

Stock Solution A

(1) Nacl 160.0g
KCl 8.0g
MgSO4.7H20 2.0g
MgClz.GHzO 2.0g
H>O 800.0ml

(2) CaCly - 2.8g ml
H>O 100.0 ml

The two solutions are mixed slowly and the volume adjusted to 1000 ml with water.
2.0 ml chloroform is added and the solution is stored in a polythene bottle at 4°C until

used.

...138_




Stock Solution B

Nay HPOy4.12 H,O 3.04¢g

KH5 POy 1.2g

Glucose 20.0g

Water 800.0 ml. When dissolved, add:-
Phenol red solution 100.0 ml

Water 1000.0 ml

Chloroform 2.0 ml and store as with solution A

Sodium Bicarbonate Solution
Na HCO3 l4g

Water 100.0 ml
Sterilize by autoclaving in a half filled container with a tightly closed screw cap for 10
minutes at 115°C (9 1b pressure). Hank's solution is made by adding 1 volume of stock

solution A and 1 volume of stock solution B to 18 volumes of distilled water. Itis

sterilized by steaming for 112 hour. Immediately before use 0.5 ml of sterile 1.4%

NaHCO3 solution is added to each 20 ml of Hank's solution.

Glvcine saline buffer, pH 8.2, 0.5M (for latex agglutination)

Glycine 14.00g
Sodium Hydroxide, Solid 07¢g
Sodium Chloride 17g

Sodium Azide (preservative) lg

Method

Dissolve the constituents listed above in 500 ml of distilled water and adjust pH to 8.2.

Make up to 1000 ml.
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Phosphate Buffered Saline (PBS), pH 7.2, 0.20 M (for tanning erythrocytes)

Materials
Potassium di-hydrogen phosphate (KHy POy4) 0.02 M (12.2g) Di-Sodium hydrogen

phosphate (Nay HPO,4) 0.06 M (40.4g) Sodium Chloride 0.12 M (36.0g)

Method

Dissolve in 5 litres of distilled water.

Phosphate Buffered Saline (PBS). pH 7.2 (0.15 M)

Materials
Sodium Chloride 8.00 gram per litre
Potassium Chloride 0.20 gram per litre
Di-sodium hydrogen phosphzite (Nay HPOy) (0.008M) 1.15 gram per litre

Potassium di-hydrogen phosphate, 0.20 gram per litre
Method
Dissolve in 1000 ml of distilled water.

It is convenient to make up a 10 x solution for storage and dilute as required.

Phvsiological Saline or 'Normal' Saline

0.14 M sodium chloride 8.5 gram per litre.

Store ata 10 x concentrated solution and dilute as required.

Cacodvlate buffer. pH(6.9). 0.28M (E.M)

Materials
Sodium cacodylate
Hydrochloric acid 3M
Method
1. Dissolve sodium cacodylate (60 gram per litre) in distilled water.
2.  Titrate to pH 6.9 with 3M HCL
3. Adjust to 1L with distilled water.
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APPENDIX 3

Preparation of Fixatives for Histology

Carnoy's Fluid
Absolute alcohol 60 ml
Chloroform 30 ml
Acetic acid 10 ml

3mm?3 tissue blocks are fixed from 30 - 90 mins.

Bouin's Fluid |
Saturated Aqueous Picric Acid 75 mls
Formaldehyde 25 mls
Acetic Acid (Glacial) 5 mls

V Fixation time is from 6 - 24 hours

Formal Saline 10% [not suitable for H.E. staining]
Formaldehyde solution 100 mls
0.9% saline 900 mls

Fixation time is about 10 days.
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APPENDIX 4

Slide Agglutination Test Using Latex Particles

Latex Agglutination
Latex provides a convenient carrier for antigens in agglutination tests.

Latex coating

Materials
Latex suspension 10% w/v

Antigen, HGG (human gamma globulin) 0.27M and 0.054 M, Glycine-saline buffer pH
8.2 (Appendix 2).
Method

1. 'Wash 800 pl of latex suspension twice by adding 40 pl of
0.054 M glycine-saline; mix and centrifuge at 12,500 g for 15 mins.
2.  Resuspend the latex in 20 ml 0.054 M glycine saline and add 300 pl

of a 10 mg mi-! solution of antigen.
3.  Mix the suspension for 30 minutes at room temperature.

4. Wash the latex twice by adding 40 ul of 0.054 M glycine-saline; mix and

centrifuge at 12,500g for 15 minutes.

5. Resuspend the latex in 20 plof 0.27 M glycine - saline containing 0.1% of

an irrelevant protein (BSA) to block any remaining latex protein-binding sites and
store at 4°C.

The Slide Agglutination Test

Materials

Coated latex as above

0.27 M Glycine Saline buffer, pH 8.2 (Appendix 2).

Method

1.  Prepare doubling dilutions of test antiserum

2. Add 25 pl of antiserum dilution to 25 pl coated latex on a glass slide.

3. Rock gently for 2 min and read agglutination visually, illuminating the slide from the

side, against a dark background.
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APPENDIX 5

Tissue Processing for Histological Techniques

Eal S

10.
11.

12.

Fix in Bouins or formalin for 24 hours.
Store in 70% alcohol
Change the 70% alcohol to wash out picric acid colouring.

If stored in 70% alcohol, go directly to 90% alcohol for 2 hours, otherwise
in 70% first for 2 hours.

(a) From 70% alcohol to 80% alc. for one hour

(b) 90% alc. for 3/4 hour
©) | 96% alc. for 1/2 hour
(d) 100% alc for 1/2 hour

Introduce to (100% alc + xylol) for 2 hours till the margins become transparent.
Transport to xylol 1 for 30 minutes

xylol 2 for 30 minutes
Transport to xylol + wax 1 at the percentage of 3/4 xylol & 1/4 wax in oven at 40°C.
Transport to xylol + wax 2 at the percentage of 1/2 xylol & 1/2 wax in oven at 40°C.
Transfer to wax 1 only for one hour
Transfer to wax 2 only for one hour
Transfer to wax 3 only for one hour

N.B. (in 9, 10 and 11 samples can be left outside the oven in wax overnight).

Embed in trays and float on cold water for 1/2 hour to speed up setting.
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APPENDIX 6

Methyl green pyronin

This is a quick and effective stain for plasma cells in tissues.

Staining Solution

Methyl Green 1.0 gram
Pyronin Y 0.15 gram

Put the dry dyes into a flask and add 100 ml of hot distilled water. Agitate to mix and let
stand 2 days at room temperature. Filter. The staining solution is ready for use and keeps

at least 6 months.

Staining Technique
Tissue is fixed in 4 changes of absolute ethyl alcohol for 2 - 4 days and embedded in

paraffin wax. Sections are cut at (4 - 6 microns), and mounted on slides coated with

Mayer's albumen-glycerol adhesive.

1. Remove paraffin and bring slides to distilled water as usual

2.  Stain each slide separately (on a rack) by flooding with the staining solution and
allowing it to remain for 5 - 6 minutes.

3. Rinse in distilled water and lightly blot off excess water but do not allow section to
dry.

4. Immediately dip in and out 3 times, into each of 2 jars containing dioxane, total time

5to 10 sec. Clear in 4 changes of xylene and mount in resin dissolved in xylene.
Results

Plasma cells show dark blue nuclei and brilliant red cytoplasm. The other nuclei stain

light blue and the cytoplasm faint pink to lavender.
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APPENDIX 7

Autoradiographic Techniques

About sixty fry of 10 week old Tilapia mossambica average weight two grams were
immunised intraperitoneally with 20% sheep red blood cells (0.01 ml/gram fish for each
fry). The fry were left for a week before injecting with tritiated thymidine (3HT).

A stock solution of tritiated thymidine (3HT) containing specific activity of 5Ci/mmol
(1microcurie/ ml) was stored at 4°C. This stock was diluted before use to 200 microcurie

per ml 0.85% saline and was injected intraperitoneally into the fish at a rate of 10 pl per

gram body weight [using a glass micrometer syringe fitted with a sterile 30 gauge needle
(S.G.E)] 18 hours prior to sacrifice. A group of»three fish were sacrificed on days 1, 2, 3
and 4 after 3HT injection. Spleen, kidney and thymus were dissected out, and imprints
were made on glass microscopic slides [organs were cleared of the connective tissues].

Slides had been prepared previously by washing them for 24 hours in concentrated
hydrochloric acid, followed by 24 hours rinse in running tap water. They were then left in
several changes of distilled water for a further day, and then dipped in gelatin (5 grams of
gelatin and 0.5 gram chrome alum in one litre distilled water), before being left to dry.

The organs from which imprints were to be taken were gently pressed against the
slide and this process was repeated several times along the length of the slide. Slides were
left to air dry and then fixed with absolute methanol, stained with Leishman's stain and
dried ready for autoradiography.

Spleen, kidney and thymus area were removed from another g;*oup of fish and fixed
in Carnoy's fluid as in Appendix 3, these organs were processed and embedded in
paraffin wax, sectioned and mounted on gelatin coated slides. All slides were dewaxed in
xylene and hydrated (passed down the alcohol to distilled water).

The autoradiography of both the organs and their imprints was performed using
Iford K5 Emulsion which was melted in a 439C water bath under safelight conditions and

then diluted 1:1 with distilled water and 1% v/v glycerine was added in a coplin jar.
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Dewaxed slides were dipped individually into emulsion for a few seconds, withdrawn
slowly and the backs wiped. Then they were placed on stainless steel trays over ice baths,
in a stream of cold air blowing horizontally for the emulsion to solidify. Slides were then
placed in light proof slide boxes, securely wrapped in black polythene, stored in a cold
room (4°C) for a period of 4 weeks with some silica gel or calcium chloride to ensure a
regulated, low humidity.

After exposure, again in the dark room, slides were placed into distilled water to
moisten them. Under safelight conditions, they were developed in Kodak D19 developer
for 4 minutes, rinsed quickly in distilled water or 1% acetic acid and then fixed in 1:6
Amfix high speed fixer for 5 minutes. Then slides were washed thoroughly in running tap
water for at least 15 minutes before staining in methyl green pyronin (Appendix 8) as for
normal slides and then mounted in D.P.X. For scoring each organ, the labelled cells were
counted from ten fields of view under a X 40 objective. Photographs were taken using a

Carl Zeiss photo microscope with 3 5 mm camera attached.
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APPENDIX 8

Methods to Stain Autoradiographs using Methyl Green Pyronin

The developed sections which are fixed in suitable fixer and washed in running tap

water are stained as follows:-

N o W

Rinse in acetate buffer pH 4.8 for 30 minutes or in distilled water and blot dry.

Stain in staining solution (M.G.P) for 25 minutes.

Sections are rinsed again in acetate buffer (pH 4.8) or in distilled water for a few
seconds.

Blot dry carefully (because if any moisture is left - the methyl green will be lost from
the sections at the next step) some pyronin is removed during this washing and the
correct time should be determined by trial and error.

Dehydrate in acetone for not more than one minute.

Rinse in acetone-xylene (1:1) or in n-butyl alcohol for two minutes.

Rinse in xylene and mount in D.P.X. or suitable synthetic resin medium.

Sections on slides need red filter to be photographed.
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APPENDIX 9

Preparation of L-15 [Liebovitz] - Liquid Medium

1.

Measure out 90% of final required volume of deionized-distilled water (e.g. 900 ml
for a final volume of 1000 Microlitres). Select an appropriate container as close in
size to the final volume as possible. Water temperature should be 15 - 20° C.

While gently stirring the water, add the powdered L-15 Medium (Sigma) (Cat No.
1.-4386) stir until dissolved. Do not heat water.

Rinse original package with a small amount of deionized distilled water (less than 5%
of final volume) to remove all traces of power. Add to solution in step 2.

While stirring, adjust the pH of medium from 7.2 - 7.6. The use of 1 N HCL is
recommended.

Add additional deionized distilled water to bring medium to final volume (1L).
Sterilize immediately by filtration using a membrane with a porosity of 0.22 microns
or less. (It is recommended that positive pressure be used for filtering.)

Aseptically dispense medium into sterile container (T CM bottles). Store liquid
medium refrigerated at 2 - 6°C in darkness.

Acidition of 10% new born calf serum optional.
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