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Almost all infections and systemic infestations cause both humoral and

cell-mediated immunological responses. The few exceptions occur in the
unusual circumstance where a state of tolerance exists between a host and its
parasite, or where, in seme yway not yet understood, the parasite (perhaps by
having seme non-antigenic covering such as the hyaluronic acid capsule ©f

group % streptococci) is able to avoid inducing immunological responses.
The latter situation appears to occur in filariasis where the microfilaria are

able to circulate in large numbers in the bloodstream without, apparently,

engendering responses.

In the state of tolerance, the host regards the antigens ©f the parasite ==
self' antigens: the phenomenon has been yidely studied in experimental
animals, particularly in the model of lymphocytic choriomeningitis virus

(LCM) infections of mice where an apparent (although only partial) state of
tolerance readily occurs if the animals are infected in yterg, or in the neonatal

period. In these Circumstancesl their blood and tissues contain 1arge amounts
of virus for long periods without evidence of disease: however, relatively low
amounts of antibody are formed and hence only small numbers of virus-
antibody complexes. After a period ofabout nine months, chronic degenerative

disease becomes manifest, probably due to the immune complexes Put perhaps
also to an element of autoimmune disease. The outcome depends on the strain

ofmouse used; genetic differences appear t° be important in determining the

amount ofvirus produced and of the antibody response (Benson and Hotchin,
1969; Oldstone and Dixon, 1969, 1970). Lesions can be precipitated earlier
by passively administered antibody o= j_mmunologj_cally reactive cells (01d-
stone and pixon, 1970). In older animals with fylly developed immunological
mechanisms, L.CM infection leads to fatal encephalitis, Both the acute and

chronic types of disease depend o= interactions between the host's yegponses

and the parasite. Whether true immunological tolerance or this partig] form

of it occur in human virus disease is unknown, but at least the latter pg«,
be more common than we realise, particularly with slow virus (Gajdusek etal,,

1965) infections. True tolerance appears to occur in at least one natural
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infection (Machupo virus) ©f wild animals (Justines and Johnson, 1969).
The carrier state in virus (serum) hepatitis seems to be in this category.

These examples of tolerance or partial tolerance show that virus infections
in the absence or near-absence of immunologica]_ responses 4O not lead to
unrestrained and harmful virus multiplication, and, in addition, pOiIlt to the

role of the j_mmunologj_ca]_ responses in the pathogenesis of disease. Before

Considering this role further a brief review is necessary of some relevant

features of cellular and humoral immunology. 'Although future analysis will
certainly uncover a fundamental affinity between them, it is at pregent
operationally sound to digtinguish between immunological reactions mediated
through circulating antibodies and those that are transacted by the direct
engagement ©f antigens with Jymphoid cells' (Medawar, 1969). The mani-
festations of cell-mediated immunity may depend both on cells actively and
passively allergised (Coombs, 1967) but itis at pregent difficult to distinguish
these typeg of activity in virus infections. As it is unlikely that cells have an
antigen-recognition mechanism coppletely different from that ypderlying
antibody specificity, it is postulated that reactive (gensitised) cells either
produce antibody at their surface (gctively allergised) or that antibody
attaches to them (pagsively allergised).

Humoral immunity appears t© develop as follows: perhaps after some sort
of 'processing' by macrophages (Pribnow and Silverman, 1967; Argyris, 1968)
antigen stimulates regponsive marrow-derived (MD) (or 'gut-associated')
lymphocytes te differentiate, proliferate, and mature into p]lagmg cells that
produce antibody (Roitt et al., 1969). Thymus-derived (TD) lymphocytes
appear t° play seme part in initiating the response by ™MD lymphocytes
(Lischner and DiGeorge, 1969). After a small amount ofan gptibody has been
produced and has combined with antigen, the resultant immune complexes,
which may be more gntigenic than antigen (Levi et al., 1969), may promote
rapid antibody synthesis so long 2= antigen is still available (Terres and Morri-
son, 1967). The antibodies (Humphrey, 1967) produced are the immuno-
globulins IgM, IgG, IgA, and perhaps others: Thind and Price (1968, 19693,
b) have described an additional active material in serum, which they have
called serum protective factor. In an infection, IgM antibody i usually
detected first and gppearg to be induced egpecially by particulate antigens:
because of its gige, IgM diffuses poorly, if at g]], into tissues. However, the
IgM molecule has five active sites and appears to be important in reacting
with and opsonising large antigenic structures such as bacteria and perhaps
viruses. IgG antibody i present in blood and tissue fluids roughly in proportion
(o their protein content, and diffuses into the cerebrospinal fluid and mucous
secretions when vascular permeability is increased by inflammatory reactions.
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It may also be produced locally at mucous surfaces (Rogsen et al., 1966) and

1n the central nervous SyStem (Cohen and Bannister, 1967; Connolly et al,,
]_967)_ IgA, when excreted at mucous gurfaces, has an additional 'piece'

attached to it Compared with serum IgA. Excreted IgA is found in respiratory
and intestinal secretions and in colostrum, and seems to be produced locally
in response to antigens applied to mucous membranes.

In the jevelopment of cell-mediated (CM) immunity, antigen (possibly
rnacrophage-processed) appears to stimulate regpongive TD lymphocytes te
transform to Jymphoblasts which provide: (a) specific antigen-sensitive cells
with a Jong life gpan and responsible for immunological memory; (b) 'killer'
cells, which degtroy cells carrying the specific antigen (infected cells with
virus antigen(s) o= their gurfaces); (cJ antigen-sensitive cells, which react
specifica]_]_y with antigen to release the factors regponsible for delayed-type
h}l/qpersensitivity and other manifestations of CM jmmunity (Roitt etal., 1969).
These factors 5 include a cytotoxic 'lymphotoxin' (Williams @nd Granger,
1969). Within about 60 hours of an infection, lymphoblasts begin to increase
in the lymph and reach a pegk in about 100 hours. Dyring = response in man,
perhaps as many as 1010 of these highly motile Jymphoblasts =r< produced
daily and, == rapidly, infiltrate tissues (Hall, 1969). Dwyer @nd Mackay (1970)

have shown in man that the proportion of antigen-binding lymphocytes in the
circulation increases about 8-fold during the 14 days following immunisation.

The reactive cells were blast-like early in the response but blasts had dis-
appeared by the 14th day.

antigens in infections

The
the

complexity of the immunological responses to == infection depends o=

antigenic complexity ©f the infecting parasite. 211 proteins may be
assumed to be potentially antigenic se that the number of gntigens involved

can

range from two to four proteins in poliovirus (Summers et al., 1965) to
several hundreds in so relatively simple = parasite as Escherischia coli. E. coli

carries gufficient genetic information to code for two to three thousand
proteins (Watsonl 1965) and judging by the number of enzymes required for
known metabolic steps, perhaps a fifth of these are produced. Dr A. bD.
MacLennan (personal communication) has estimated that during = bacterae-

™12 (e.g. in plague o= staphylococcal septicaemia) of 103?106 organisms/ml
‘ plag Y
o an 11 stone man, 10-9?10~69 of each of these hundreds of antigens is

produced. gydging by the antigenicity ©f flagellin ir mice (Shellam and
Nossol, 1968), amounts of this order would be potentially antigenic if the

bacteria were lysed and their gntigens rendered 'goluple', o= if the released
products of phagocytosis remain antigenic. Thus, the complexity of the
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immunological responses iR such infections is potentially very great although
they tend to be dominated by surface antigens because of their ready

accessibility te cellular recognition sites.

In virus infections (and perhaps in some other intracellular infections) the
complexity is greater than that indicated by the number of antigens in the
virus, because the virus codes gnzymes produced by the host cell quring virus
replication: these virus-coded proteins (about ten have been demonstrated
in poliovirus infection?Summers et g], 1945) are released when the cell
breaks down and may provide a substantial number of additional antigens.

Poxvirus infections have been shown to generate antibodies to as many =

17 o= 20 antigens (Appleyard and Westwood, 1964; Westwood et 3l 1965)
while only 8 were demonstrated in purified virus (Zwartouw et al., 1965).

The regponses to surface gntigens =r< probably the most important i? pro-
tection and yecovery from infection: for jngtance, Boulter (1949, and unpubli—

shed) has shown that it is the antigen (s) of the outermost coat of a po:xvirus

(which it acquires only when it is naturally released from the host ¢e]]) that is
responsible for generating == antibody, which not oply confers pagsive
protection Put actually has therapeutic value in an infection.

When parasites die, all their antigens are released and so may cause

responses. 1fa large number of paragiteg are rapidly destroyed during == infec-
tion (for examp]_e by the over-enthusiastic use ofantibiotics in typhoid fever oxr

relapsing fever) very severe immunological reactions (Herxheimer reactions)
can occur.

Some organisms cause relapsing disease because as each population of
parasiteg is dealt with Ly, the jmmunological responses = »ew and antigenically
different population ©f parasites arises and thus evades the immunological
defences. These antigenic changes are most probably mainly in surface
antigens. Outstanding examples =re malaria and relgpsing fever.

THE EFFECTS OF IMMUNOLOGICAIL, INTERACTIONS

During == infection, antigens may ©e present in the tissues, in the circulation,
or in poth, seo that they will interact with humoral and cell-mediated responses

in a yariety of situations. During the early stages ©f = first infection, antigens
are present in excess over the corresponding antibodies and the immune
complexes formed are small and 'goluble'; as antibody builds up the relation-
ship swings through equivalence t° antibody excess, When large ('insoluble')
complexes are formed. If antigen formed in tissue diffuses to form complexes
with circulating antibody in vessel yglls, == Arthus reaction results with

polymorphonuclear infiltration which gppears to e regponsible for necrosis
of thevessel walls since it does not occur in the absence ofa polymorph response.
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When immune complexes are formed in the circulation (e.g‘ during Viraemia) ,
they are deposited in a Variety of tissues on vessel walls and, notably, at
filtration points such as the kjdney and the joints: the reaction consists of
endothelial proliferation, increased vascular permeability, and a variable
Po]_ymorph response followed by mononuclear infiltration. In the course of
& virus jpfection, it is at about the point at which symptoms and gigns are
becomj_ng marked that antibody becomes detectable (i g, in gxcegg) in serum.
Some idea of the amount of antigen_antibody complexes formed before anti-
bOdy is in excess can be obtained by considering the maximum possible
antj_body that circulating infective virus is capable of combining with at the
height of viraemia (taken to be of the order of 108 yirions/ml) in, £or example,
yellow fever. The total area of virus surface antigen in the circulation under
these circumstances would be of the order of 4,500 mm2 which, assuming
tight packing, might Pe capable ©f adsorbing about 0-1 mg of the gpecific
antibody (G. Appleyard, personal communication)?a large amcunt of a
single j_mmunog]_obu]_ in species. It should be remembered that the virus popu-
lation during the rise in viraemia is hejpg recruited at a rate greater than that
at which it is being eliminated and that, at the peak, the rate of turnover is
large. Moreover, there is probably as much or more virus-coded antigen 2s
there is on mature particles.

Where the antibody response is inadequate to clear gntigen from the cir-
culation but sufficient to cause long_term production of immune Complexesl
chronic jpflammatory and degenerative disease (immune complex disease)

results (Dixon, 1963). The quantitative relationships between the rates of pro
duction ofantigens, on theone hand, and ofantibodies, o= the other, are critical

Jn determining the outcome of an infection. It should be noted that virus

combined with aptipody may have unimpaired infectivity (Notkins et al.,
1966; Ashe and Notkins, 1966). Indeed, Hawkes and Lafferty (1967) have
shown that in some circumstances infectivity is enhanced by the addition of

serurn containing antibody. Virus coated with antibody <a=n be rendered
non-infective by reaction with an antiglobulin, and a similar result mgy,

oceur in antibody excess; o antibody te the initial virug-antibody complexes

may act as an gntiglobulin (Henney @Rd Stanworth, 1966; Najjar al., 1967).

Antj_body reacts not gply with the free gntigens Of the parasite but also with
cell-fixed antigens. When a cell is infected with one of theviruses (for example,
rnyxoviruses and zrhoviruses) which acquire their outer ]ipoprotein coats by
bU.ddlIlg through the cell membrane, areas of the cell surface cgyyy Vvirus
antigens which will react with antibody and Complement to cause cell lysis.
Wiktor et a1, (1968) found that rabies-infected cells were ]lysed by antibody
even pefore virus-budding could be observed. This p 5y, be a reaction of great
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importance in reducing the virus yield from infected cellg, as it destroys them
before they can release mature virus. It might, for instance, have particular

significance in limiting the gpread of latent virus infections, especially herpes
simplex, between exacerbations. In some circumstances the surface of infected

cells mgy react with and trap immune complexes, which may account for
some of the localisation that is hard to account for in immune complex
disease.

During == infection, specifically 'sensitised' Jymphocytes proliferate
(Marshall et al., 1969), circulate and invade infected tissues. There they react
with their corresponding specific antigens and transform to lymphoblasts
which are probably capable ©f destroying infected cells Ly reacting with
antigen o= their surface (Rpitt et al., 1969) o=r by the release of a cytotoxic
mediator-substance (Ruddle and Waksman, 1968). They also react with
antigen te release pharmacologically active substances, such == macrophage-
inhibiting factor, which contribute to the manifestations of delayed_type
hypersensitivity. In mice infected with a parainfluenza virus, the affected
areas Of lung are heavily infiltrated with lymphoblasts by about five days after
infection and the tissue virus titre falls rapidly at this point although circulating
antibody does not reach its peak until about the fourteenth day (Robinson
et al., 1968).

Leucocytes play = particular role in virus pultiplication in seme infections
(Webb et al., 1966). Simons (1968) has guggested that rubella virus persists in
congenitally infected babies as = pergigtent infection in Jong-lived lymphocytes.
Wheelock and Edelman (]1949) have studied yellow fever virus in human
leucocytes: it did not qultiply in polymorphs, multiplied well in monocytes,

poorly in untransformed lymphocytes, but well in transformed lymphocytes.
During the course of infection in pan, lymphocytes, sven when transformed

in yitro, failed to support virus replication from the fourth until the tenth or
twelfth dgy after infection of their host. These lymphocytes were probably
carrying antibody == their surface. Transformed lymphocytes also Supported

the multiplication ©f herpes simplex, Vvesicular stomatitis, mumps, and
vaccinia viruses. Benezra et al. (1969) observed that lymphocyte transforma-

tion during an immune response correlates with both cellular and humoral
responses, Bt only with the development ©f delayed-type hypersensitivity.

The pathogenesis of skin rashes in virus infections depends o= both humoral
and cell-mediated yegponses (Mims, 1966). Taking poxvirus lesions as an
example, the pock itselfis caused Ly virus qultiplying in the skin, destroying
cells, and interacting with a cellular immune response. Pincus and Flick

(1963a) showed that delayed-type hypersensitivity could be elicited as early
as the fourth day after infection and (1963b) that the papule and vesicle (but
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n?t the erythema) were prevented by intradermal administration of an
antiserum against mononuclear cells. As in the case of sensitisation to skin-
bound chemicals (Medawar, 1969), skin-bound virus antigens may induce
delayed-type responses by direct contact with peripheral lymphocytes
circulating between the skin and the lymph nodes. In immunologically tolerant
rabbj_ts, in which no detectable antibody developed, skin lesions were abortive
or absent (Flick @nd Pincus, 1963). In animals irradiated so as to depress a=»

antibody but not = delayed-type response, pocks developed normally. The
surrounding erythema, however, depends o= humoral immunity; it appears

In man around the seventh day and coincides with the appearance ofdetectable

(excess) antibody. Virus antigen is present i the circulation (Hughes, 1933)
and has been shown cgpable ©f causing anaphylaxis in passively semsitised
animals (pavis, 1931). Thus, the erythema probably depends o= the formation
°f immune complexes, With consequent increased permeability and the
release of pharmacological substances by immunological interactions.
During == infection mgny and complex immunological interactions axe
occurring and it is not at present possible to get any clear idea as to how one
may influence others. There is probably competition between antigens:
Edinger et al. (1968) showed that a primary antibody response t ©ne antigen
caused moderate suppression of both IgM and IgG responses t° another and
also inhibited the corresponding cell-mediated regponse == judged by skin
graft survival; = secondary antibody response t© ©me antigen completely
suppressed primary IgM @RAd IgG responses to another. Competition 2lso
occurs between antibodies: Henry and Jerne (1968) found that previously
administered 1g@ antibody, ever in very low concentration, suppressed =
primary antibody response to the same antigen (probably because it attached
*© and covered gptigenic determinants); previously administered IgM
enhanced = primary antibody response (probably because it attached to
macrophages and captured antigen to them). Axelrad and Rowley (1968)
showed that jntravenously administered antigen and antibody prevented the

development of delayed-type hypersensitivity although it had ne effect on
established hypersensitivity, Stuart et al. (1968) confirmed this in terms of

enhancement of the survival of renal allografts. Very detailed and patient
studies will be needed to assess the possible roles of these and other factors in
the very complex situation of an infectious disease.

partially immune hosts

Where, because of previous immunisation or infection with the same or a

related organism, the immunological mechanisms are glready primed at the
time of infection, both humoral and cell-mediated yegponses may P€ much
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acceleratedand, in most instances, succeed in Jocalising and terminating the
infection. In some circumstances, however, the concurrence of yjgorous
immunological responses and large amounts of antigens can lead to disease
more severe than that in an immunologically Virgin host. Excellent examples

are provided by several virus diseases. Abnormally severe and clinically
unusual measles followed natural infection in children previously vaccinated

with an inactivated measles vaccine (Fulginiti et al., 1967). Similarly, Parrott
et al. (1967) found that children immunised with a poorly immunogenic
respiratory syncytial virus (RSV) vaccine deyeloped moxe severe disease when
subsequently infected. Chanock et al. (1967) observed that RSV infections
were most severe during the first two months of life and suggested that this
could be attributed to Arthus—type reactions between ]_arge amounts of virus
material produced by the child and high levels of antibody passively trans-
ferred from the mother. Blandford (1970) has suggested that the pneumonia
is due to obstruction of the bronchioles caused by cellular debris resulting
from a Widespread Arthus reaction. Gardner etal. (1970) , however, pOil’lt out
that while virus is abundant in the tissues in RSV pneumonia, it is scanty in
bronchiolitis where immunoglobulin can be detected in the tissue with about
the same distribution as virus. Omn this basis they suggest that bronchiolitis
is due to a second infection, with the same virus causing an anaphylactic
reaction. The frequency of RSV infections in infancy is certainly high enough
to make repeated infections probable.

Another situation where second infections (in this case probably with

closely related Viruses) appear to cause exceptionally severe disease is in

dengue haemorrhagic fever which has caused ]_arge numbers of cases and many

deaths in children of cities in south and south-east Asia since 1958 (Halstead,

1966) . In contrast to the normally minor although unpleasant disease caused
by dengue Virus infection, = severe formwith haemorrhages 2nd hypotensive
shock occurs in children during annual dengue epidemics, In this aberrant

severe form of disease’ accelerated immunological responses ©<cur (due to
previous infection with a related virus) and interact with virus antigens and

probably with virus-infected cells: during the immunological crisis Comple_
ment  (/gi ¢f3) disappears from the circulation. These secondarily infected
patients had IgG but not TgM or IgA responses to the infection (Rygsell et al.,
1969) . The deposition of immune complexes on vessel walls probably triggers
off acute disseminated intravascular coagulation (McKay and Margaretten,

1967), platelet depletion, 2nd consequent haemorrhages. As = related virus
has been shown to multiply in vascular endothelium (Kyndin et al., 1963)

it is possible that such cells with virus antigen on their surfaces trap immune
complexes and account for the widespread intravascular effects. The shock
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is probably attributable to Widespread increased vascular permeability due
to the sudden release of pharmacologically active compounds by = variety of

immuno]_ogj_ca]_ reactions.
Jolke et al. (1967) showed that hepatitig virus infection in gogg caused acute

necrotic disease innon-immune animals but chronic and progressive hepatitis
in dogs with a low level of pre—existing immunity. Almeida and Waterson
(1969), observing antigen and antibody in the sexum of patients by electron
microscopy, have suggested that the type of disease in human hepatitis virus
infection also depends == the immunological state: the carrier has circulating
(and presumably tissue) antigen but me known immunological responses 2nd
P disease; the normal self-limited case of hepatitig has immunological
responses that are efficient in amount and timing to terminate the disease and
eradicate the infection; fulminating necrotic hepatitis is due to a state of
anaphylaxis where large antigen-antibody complexes are formed in massive
quantities during antibody exces= (i, infection in an immunologically primed
host); chronic and progressive hepatitis is attributable to a prolonged state
of antigen excess and immune complex disease. The gifficulty in accepting
this view is in seeing why the various types of immune complex disease postu-
lated should be localised or largely localised in liver. This might be accounted
for if the hepatitig virus turns out to be = hydding virus and myltiplies wholly

°F mainly in the liver. plthough immune complexes appear t° P€ responsible
for this type of degenerative disease, Oldstone and Dixon (197¢) found that

in LtCM infections in pice, disease could be aggravated by passive adminis-
tration of either additional antibody or additional sensitised spleen cells. In
the 1late stages of degenerative disease attributable to chronic ipfections,

autoimmunity may play = part {vide infra).

IMMUNOSUPPRESSIVES

Defective jmmunological responses === greatly influence the course of an
infection; the defects can be congenital, caused by drugs °= by infections.
In the Bruton type of agammaglobulinaemia, delayed-type hypersensitivity
(and probably other types of cell-mediated response) is unimpaired but
immunoglobulin synthesis 15 severely defective, and recovery from virus
infections is quite normal. In the Swiss type, however, where the cell-mediated
responses are also defective, localisation of infections may be severely impaired_
Cell-mediated immunity must therefore be important in the localisation of
and from virus infections. This is a 1 to which more attention

recovery point

should pe paid by those who deyelop virus vaccines. The tendency has been
© accept == antibody response 2= evidence of effectiveness but now that
methods are being developed for the measurement of cell-mediated immunity,
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evidence of its induction should be sought in the assessment of virus vaccines.
Other yegponses are, however, also involved in recovery f¥om virus infections.
Chandra et al. (1969) reported seven cases of generalised PUt non-progressive
vaccinia infection in patjents with IgM deficiency. The deficiency °of TgM
seems to have permitted prolongation of the viraemia.

Immunosuppressive treatments are being more and more widely used in
clinical medicine and in transplant surgery. Most clinicians are aware that

clinical infections can be aggravated, subclinical or latent infections made
manifest, and even that pormally harmless organismg can cause serious
infections in patients under such treatments. But as the means for immuno-
depression become moxe powerful and widely used, it is important that the
full range of dangers from infections is appreciated. Merely as one instance
among many, Montgomerie etal. (1969) reported four fatal cases ofgeneralised
herpes simplex in renmal transplant patients treated with gzzathioprine and
prednisone. The fact that they all had pre-existing complement-fixing antibody
to the virus gtrongly suggests that they had pre-existing latent herpes simplex,
as indeed have = high proportion ©f the general population.

The experimental use of immunodepressants === help to elucidate the role
of immunological mechanisms in infectious disease although, with most
existing procedures, interpretation is often difficult because their action is
either multiple or poorly understood. Antilymphocytic serum (ALS) 1s
believed to act entirely on cell-mediated j_mmunj_ty and to have little or no

effect on humoral yegponses (Medawar, 1969). Hirsch and Murphy (1968)
studied its effect on a number of virus infections in mice: in general, ALS

aggravated the disease and also the mortality in mice infected by = peripheral
route, while little change in outcome was gpparent in mice infected intra-
cerebrally, Cell-mediated responses thus appeared te be important in limiting
the spread and severity of systemic infections but to play little part in the central
nervous gystem; this, however, was probably because the course of infection
in intracerebrally infected mice is relatively short and, without a preceding
systemic infection, there gz, have been insufficient time for the immunolo-
gical responses t° develop. The central nervous gygtem seems in gpy case to be
relatively inert in cell-mediated responses WRen antigen i¢ directly implanted,

asjudged by its general failure to reject tissue grafts. Hirsch and Murphy also
found that ALS caused a recrudescence of viraemia in mice that had recovered

from a I.CM infection and that had high levels of circulating antibody.
Wenner et al. (1969) found that ALS prolonged the disease in monkey pox
and greatly increased tissue necrosis (including gangrene) . therash progressed
to ulceration and there was little evidence of repair. These effects are pre-

sumably due to impairment of cell-mediated responses which localise the
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infection into pocks, although the picture i slightly complicated by the
observation of Barth (1969) that ALS also inhibits interferon production_
Weissenbacher et al. (1969) found that thymectomy within 24 hours of birth
protected mice against disease when they were gubsequently infected intra-
cerebrally with Jynin virus. Passive administration of antibody failed to
precipitate disease but pathogenesis w== triggered off by thepaggive adminis-
tration of sensitised spleen cells.

Experiments with cyclophosphamide illustrate the effects of cytotoxic
immunosuppressants. Cyclophosphamide probably exerts its influence Ly
destroying o= inhibiting the proliferation ©fspecifically sensitised lymphocytes
(Medawar, 1969) and hence affects both humoral and cell-mediated respon-
ses. It may also inhibit interferon production (Robinson et al. 1968). In
studies of virus infections of the central nervous system (CNS) in monkeys,
Nathanson and Cole (1970) and Zlotnik etal. (1970, in press) have shown that
cyclophosphamide greatly reduced inflammatory lesions (perivascular
cuffing, cellular infiltration) in the CNS but that the pegylting disease was
much more geyere, and deaths occurred even fOllOWng infections which,
without jmmunosuppression, would noc have been completely apparent
clinically. The CNS lesions observed in cyclophosphamide-treated monkeys
were geyerely necrotic and degenerative, with little evidence of inflammation
(Zlotnik et 41, 1970, in press). Indeed, the pattern Of neuronal necrosis and
spongy degeneration was yery similar to that seen in scrapie?a slow virus
infection where immunological responses have not been demonstrated
(Zlotnik, 1962; 2lotnik and Rennie, 1965).

Clearly, inflammation in the CNS is not dependent o= virus alone but
requires the concurrence of immunological responses. The evidence above
suggests that cell-mediated regponses may be responsible for the character-
istic perivascular cuffing ©f encephalitis, But humoral antibody and, therefore,
immune complexes also appear t° be involved (Webb and gmith, 1966).
1t antibody is administered to mice at the height of viraemia, paralysis is

delayed in enset but gggravated (Webb etal., 1968). In the CNS, inflammation
has a2 much greater importance than in other tissues because the associated

oedema within the rigid walls of the skull leads to increased pressure and dys-
function of neurones. It is the yecovery OF these neurones when the inflamma-
tion subsides that accounts for the rapid partial recovery following the acute
stage of, for example, poliomyelitis. There may therefore be a case for the
judicious use of an immunodepressant before the inflammation reaches its
peak in encephalitis.

A number of virus infections are themselves immunodepressive and ma+

influence the outcome of concurrent infections. For instance, measles causes
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a loss of delayed-type hypersensitivity to tuberculin and tends to aggravate
concurrent tuberculosis; intercurrent measles also seriously aggravates
malaria. Mouse carriers of Rauscher virus have markedly more severe disease
from infections with Plasmodium bergeiyoeli than normal mice (S3laman, 1970).
Blumhardt et al. (1968) observed that following live measles vaccination there
was a reduction, for 3 to 6 weeks, Of cutaneous gengitivity to poison ivy. Mims
and Wainwright (1968) described the immunodepressive effect of L.CM

infection inmice: there was a temporary depression in the antibody-producing
cells and a decreased susceptibility to anaphylaxis with ovalbumin. Mouse

leukaemia viruses cause similar effects. Mims and Wainwright suggest that

these effects are caused by viruses capable of establishing long-term nen-

cytopathic infections involving lymphoid tissue. Hanaoka et al. (1969)
described apparent selective destruction of TD lymphocytes and of thymo-

cytes in LCM infections. Pollard and Sharon (1969) described, in normal
carriers of T.CM virus, enlargement ©f the lymph nodes and gpleen with
enlarged germinal zomes and a great increase in plagma cells. In germ-free
carriers, the thymus was CYStiC and depleted of cortical cells and the Peyer's

patches lacked germinal zones . They suggest that some normal feed-back
mechanism has been impaired so that the thymus is drained of functional

cells and plasma cells increase disproportionately. A number of virus infec-

tions cause impaired responsiveness ©f lymphocytes to transformation Ly

phytohaemagglutinin (Olson et al., 1968) but the gignificance of this is still
uncertain.

INFECTIONS AND AUTOIMMUNE DISEASE
Adams (1969) has reviewed the possible role of infections in the pathogenesis
of rheumatic fever, glomerulonephritis and other autoimmune diseases

triggered by infection. He pogtylated that those gygceptible probably have
some genetic defect which permits a particular 'forbidden clone' (hepnce, for
instance, the familial tendency in thyroiditig) and that the causative organism
may have an antigen similar to the relevant host antigen. There is no doubt
that prolonged deposition of immune complexes formed during an infection can
cause Chronic degenerative disease (DiXOl’l, 1963; Oldstone and Dj_xon’ 1969,
1970; Benson and Hotchin, 1969). However, as all viruses with lipoprotein

coats (arboviruses, myxoviruses, etc.) incorporate host cell antigens a= they
bud through the cell membrane, and infected cells thus have mixed host and

virus gntigens o= their gyrfaces, there is an obvious possibility that when such
infections are prolonged immune yegponses may Pe induced against altered
host antigens and, later, against host antigens themselves. Chronic destruction
alone of a particular tissue or class of cells (e'g. neurones) may yield altered
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host antigens capable ©f generating autoimmune yegponses. Holterman and
Maj de (1969) have demonstrated evidence suggestive of an antigenic change
in the cells of mice chronically infected with IL.CM virus in that grafts from
infected donors were rejected by non-infected gyngeneic recipients, Similar

findings were reported by Bryere and Williams (1964) in mice infected with =
leukaemia virus. Robertson and Black (1969) demonstrated changes in the

surface antigens of cells transformed by SV40 virus: Forssman antigen was
found on SV40- or polyoma—transformed hamster cells but not in adenovirus-
transformed hamster cells or SV40- oxr polyoma—transformed mouse cells.

If such antigenic changes eccur during chronic virus infections, they may
lead to autoimmune destructive processes. Subacute sclerosing panence-

phalitis (Neurology, 1968) which, although Katz etal. (1968) have reported

isolation of a slow virus, appears t° be caused by = chronic infection of the

CNS with measles virus in the presence of exceptionally hj_gh levels of circula-
tj_ng antibody (Connolly et al., 1968; Horta-Barbosa et 3], 1969) is a situation
where such changes may occur. Burnet (1968) has guggested that the funda-
mental lesion may be a specific deficiency of cell-mediated immunity, while
Koprowski et al. (1970) suggest that SSPE, and also progressive multifocal
leucoencephalopathy may Pe due to activation of a latent papovavirus
infection by = paramyxovirus. Similar disease mgy, well be caused py other
budding viruses?particularly other myxoviruses?and it must be regarded
as at least a possible hazard of live myxovirus vaccines, including live measles
vaccine. Other budding viruses?the arboviruses?have been shown to be
capable oflong persistence inthe CNS (price, 1966; Illavia and Webb, 1969).
The possibility must be considered that other degenerative conditions of the
CNS (guch a= disseminated gclerosis) and degenerative autoimmune diseases
of other tigsues, may Pe due to pergistent virus infections, perhaps without a
previous clinically apparent Virus disease. (linically apparent encephalitis is
™ any case an unusual complication even of infections normally regarded =s
virus encephalitides (only about omne in a thousand infections caused by
poliovirus or Japanese encephalitis virus actually =use encephalitis). Clinical
encephalitis is a rare complication ©fmost, ifnot all, virus infections, and there
is little doubt that subclinical infections of the CNS are much more common
(Gibbs et a1, 1959), Similarly, Adams (1969) has guggested that virus thyroi-
ditis is the probable initiating factor in autoimmune theriditiS.

conclusions

The cutcome of any virus infection clearly depends (apart from the general
hea_lth, nutrition, etc. ofthe host) o= the relative rates at which virus mu]_tiplies
(its yirulence), the cells inwhich it pltiplies, the rate at which it degtroys
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functional cells in relation to their rate of replacement and the functional

reserves Of them possessed by the host, the rates at which immunological

responses @=<ur (dependent == previous antigenic experience or, on the other
hand, o=n absent ox inhibited responses), and the rates and sites at which

interactions occur. The immunological interactions involved in a virus

infection are probably very complex and it is only very recently that immuno-

logical theory @nd technique have reached a gtage at which we ma+ begin to
elucidate the mechanisms involved and to separate those that are beneficial

to the host from those that are not. Mogt, ifnot 3], immunologj_ca]_ interactions

can be either beneficial or adverse, depending on when’ Where’ and in what
quantity and circumstances they occur.

This article is based on a paper read at the Parkes Weber (opference held at the Royal
College of Physicians in May 1970.
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