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1. Introduction

The Working Group on immunization of the elderly® met at the Institute of Immunology in
Zagrab, 5-7 September 1983. The members” were greeted by the ditvector of the imstiture,
Frofessor B. Popevie. The meeting was opened on behalf of the WHO Regional Directer for Europe by
Dr B. Velimirovie, who cutlined the scope and the purpese of the meeting. Professor B, Popovic was
elected Chaitman, Dr P.H. M3keld Vice-chairman and Professeor D.L. Miller Raprorteur.

The purpose of the meeting was to review, in light of the changing pattern of che age
structure of the population in Eurcpesn countries, the appropriate stracegy for the protection of
the eldery ageinst infectious diseases snd the development of 2 rational immunization programme for
this age group. The group was acqualnted with Weorld Heslth Qrganization activities, cayried out
mainly by the Regional Office for Europe, on health protection and prometion of the elderly of
which this Working Group's meeting makes part.

The group was presented wibh working papers on the relevant subj)ect and accordingly to its

terms of reference discussed various aspects of immunization of elderly in detsil (see working
papers in Annex l}. The brief summary, conclusion and recommendatlons are given in this reporc.

1.1 Aging of the population

The process of aging of the population is a characteristic featue of modern society. This
process is determined by changes in fertility and mortality, which were strongly influenced by fasct
social and economic evelution, as well as thes development of medical science and practice. Most
industrialiy developed countries had in the middle of the last century less than 3% of people older
than 65 years in the entire population. Presently, this age group of population represents
one tenth to one seventh of the totel population, but agbout two thirds of total health care
expenditure are directed to the needs of the elderly.

Therefore, the prevention and treatment of diseases in the elderly are gaining importance as
public health problems.

In developed countries, which comprize 30%Z of the world population, persons over §5 years of
age already numbered more than 120 million in the mid-seventies. It is estimated that, by the
year 200G, this figure will be about 180 million. 1In a recent WHO survey on mortality projectiom,
it 18 estimated that l1ife expectancy in developed countries will increase by the vear 2000 from the
present 70-75 years to 75=-80 years. In Europe alome, including the USSR, i.e. in countries covered
by the WHO Regional Qffice for Europe, there is hardly & country where the prapoertion of the
elderly is below 10%, so that, out of 750 million inhabitants, there are almost 93 million of those
older than 65 years.

There is every chance in the contemporary world that a high prepertion of boys and girls who
have survived the first year of life will live to ba 70 and 75 respectively. Tha dearh rate among
those over 65 yesvs'of age in the overall mortality is constantly increasing. It 1s expected that,
by the and of this millenium, only L0% of deaths out of the total meortality in developed countries
will be in the population younger than 63, rchat almost evary other 65 year-¢ld human being will
live up to BC years of age, and that the popularion above 80 years of age will account for as many
as 30% of deaths.

2The "elderly”, in this text unless otherwise specified, incorporates all persons aped
60 years or more. Definition of the elderly: the Group recognized that 'the elderly" may be based
on several iadependent eriteria. Vulnerability to infection varies, for example, in relationm to
the operation of physiological defences {(which decline 2t diffarent rates in various racial groups
and in individuals within groups) and immune mechanisms {which may be impaired by dissase or
medical treatments). It also varies with different iafections. Thus, chronological age dees not
always correlate well with biological age and immune competence,

HNevertheless, for practical putpeoses, operatienal policies are most easily devised and
implemented on the basis of crude chronolegical sge grouping. For this reason, and in coaformity
with previous WHQ practice, the following working definitions were sceepted: middle
age = 453-39 years; elderly - 60-74 yesrs; aged - 75=-89 years; very old - 90 or more years.

b fee list of participaats in Annex 2.
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Publie health imporcance of the changing of the age structure of the population stems from the
fact that age, mertality and morbidity patterns are relared to and are reflected in the
requirements for the type and intensity of health carze,

The principal public health problems of developed countries are gradually passing from the
mother and child health care to the care of the elderly.

Among the most frquent causes of death of persons older than 63 nowadays are influenza and
preumonia as well as heart diseases and neoplasmas. Infectious diseases, beeause the immunicy of
older people is weakened, in many cases, become faral.

1.2 Infectious disesnses

Although communicable diseaszes are by no means as imporfant at present as cthey used to be as
causes of death, they still occupy a very high place, especially among the elderly, and are leaaing
causes of death among those older rhan 65 years. For these reasons, there i1s a neec to improve
exigting methods for prevenrien and treatment of infectious disesnges and to develop new and mora
effective ones.

According to the present—day state of knowlsdge, the average biological life potential is
still higher than that reached even in populations of the most highly developed countries. This
means that there are promises of a still longer life. However, this will enly be of much interest
both to the soclety as a whole and to the people if they will be able te enjoy as healthy and as
kappy a life in old age as possible. The immunization of the elderly certaialy has its role to
play in achieving these goals.

1.3 Immunization

Immunization is one of the essential components of any effective health care system. Health
care of the elderly is largely dependent on coordinated efforts of numerous components of health
and social services and activities, A special role in this ceordipation of the overall health care
and welfare of the elderly is given to the general practitioner and other health staff workimg in
primary health care, which should comprise the imwunization of the elderly as well as of the young.

More time asnd space should therefore be given to the training of all profiles of health
workers, including medical undergraduate and postgraduate studenfs, on vaecination and immunizatisn
programmes, as this is of special importance For preventing high morbidity and direct cause of
deach from infectious diseases, e.g. influenza and poneumonia, Control of infecticus diseasss in
the elderly can essentially contribute not only to higher life expectasmey but also to becter
quality of life. By developing more potent and more effective conrel measures such as immunization
for the prevention of iLnfacrious diseases predominant among the alderly, it would be possible also
to reslize the slogan that life should be added to years.

Z. Immunity in elderly

Z,1 lmmune response in the elderly

Aging and immunity

The immune response ig sCrongest in young adults and weakest in infants and in the aiderly.
Physiological immaturity of the immune system in infants does not u5ually presant a medical problem
except in cases of obvious immunedaficiency. On the other hand, a poor immune respemse in the agec
could be connected with the development of certain diseases whlch occur at this age. Defective
immune function in the aged is indicated by greater susceptibiliry te infectionms and increased
frequency of autoimmune diseases and malignant tumours. Elderly individuals teund not only to be
more susceptible to infections but to have a more prolonged course of illness with higher
complication and mortality rates.

It is difficult to ascertain whether the changes of immune rasponse in the aged are the cause,
consequence or are independent of other strucrural and functional phenomena which occur in parallel
with aging, such as a decrease in hormone levels and membrane permeablllty, decreased numbers of
posc-mitotic cells, ete. (l). Research iato age~related changes of immune response has bean
carried out on humans and in animals (mostly mice), but the data available are still incomplete and
are offen contradictory.
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In principle, the age-related decreasé of immune funceion could be caused either by changes 1in
the immunocompetent cells themselves, or by changes in their envireomnment ot by both csauses
simultaneously (2, 3}. On the basis of experiments with cell transfers, changes apparently occur
both within the cells and their contact or environment., However, it would appear fhat only
about 10% of the rotal age-associated diminution of immune functiom can be ascribed to changes in
cell envirenment, snd the remaining, abeut 90%, should be ascribed to functional diminution of the
immunocompetant <ells themselves, In old age, changes occur in the morpheolegy of lympheid eorgans,
in the number and function of immmocompetent cells and in the intensity of immune response of the
cellular and humoral type.

Morphiological changes

The total mass of lymphoid tissue, which is greatest immediately following puberty, gradually
decresses later on. Involution is most clearly marked in the thymus, while che lymph nodes and
splaen in normal individuals remain unchanged, or are only slightly reduced (2, 3}. In old agas,
the cortex of the thymus is greatly reduced and the level of the cireulating chymus hormone is
diminished (4). In the spleen, the amount of the white pulp is reduced and the amount of rea pulp
1s relatively inereased. Furthermore, the borderline between the red and white pulp disappears and
in the spleen of older individuals usually there are no germinal centres (&4). Alchough che lymph
nodes usually only slightly decresse in size with aging, histological changes are clearly visible.
The thickness of the cortical areas is reduced and these contain considerably fewer germinal
centres. In the same way, the number of macrophages inereases In the medulla, and the borderline
between the cortex and medulla disappears due to diffuse infiltration of plasma ¢ells, While with
the aging process, khea thymus, spleen and lymph nodes, and organlzed lymphoid organs decrease in
size or undergo change, the amount of diffuse ilymphoid tissue increases in the whole organism (4).

lomunocompetent cells

The pumber of lymphocytes appears to decrease continueusly after middle—age and in the
sixties, their number is reduced to 70% of that found in younger people. This decline is csused by
3 decrease in the number of T-lymphoeytes (2). JIndividual variatioa, however, is very prouounced.
Some investigations heve shown the ssme absolute number of T-lymphoeytes in ail age groups (4) and
that the membrane sffinity of these cells for SRBC is unchanged with aging (5-7)., The decrsases in
the number of T-lymphocytes observed in humans and animals do not appear to be sufficient o
explain the age-related decreasse of immune functieon caused by T-cells (2, 8). It is possible that
aging affects only some subsets of T-cells and that this does neot influence the total number of
T-cells {7}, The number of human B-lymphocytes does not appear to change with aging (4).

kb
Cellular immunity

Although the evidence is to a certain extent contradictery, it seems that the capability to
reject allotransplancs is decreased with aging. Older individuals tend to show weaker reactions of
delayed skin hypersensitivity to ubilquitous microblial antigens such as tuberculin {(4),
streptokinase-streptodornase, c¢andida or rrichophyton (2} but some rerain normal ¢ell-mediated
immune tecticns. The aged also show & decreased ability to become sensitized to antigens concacted
for the first time. It would appear that, in the aged, proliferation of lymphocytes iz decreased
in the thymus dependent zones of lymphoid organs.

The ability of "old" humsn and rodent lymphocytes to be activated in vitro with mitogens for
T-cells is decreased (2, 4, 7-9), and the number of cells which enter the zell-cycle during
stimulation with Con A is reduced (1Q). This diminished reacrivity of human T-lymphecytes iz not
capsed by weaker function of the monoeytes but by changes in fhe intrinsic T-cells'
properties (8). In old men, the production of and response to interleukin-2 by lymphocytes is
decreased (8}.

Humoral immunity

The total amount of serum immunoglobulins (4) shows lirtle change with aging, except for
slight IgM deficiency (1l1). However, the frequency of monec¢lonal immunoglobulin (73,
autoantibodies {7) and autoanti-idiotypie antibodies (9) is increased wirh aging. The amount of
so-called natuyral antibedies decreasses, as well as the level of those antibodies which are directed
against the thymus-dependent antigens (2). The amount of antibodies directed against the
thymus-independent antigens does not change with aging (2, 3).
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Phagocytas

Macrophage function such as phagoeytosis, digestion of antigens and initiacien of Lmmune
response does not change essentially with aging (2). According to some reports, the uptake of
antigens in the liver iz decreased and macrophages ip vitro become suppressive (9). In slder men,
reduction of nitrobluetetragolium by polymorpheonuelears is significiantly reduced and at rhe same
time their ability to phagocytize bacteria is significantly diminished (7).

Other factors

Present knowledge of the diminution of immune functon in older individuals is deficientc, and
there are many discrepancies. These deficiencies are the result of insufficient data, gresat
variabilicy in the response of individuals of the same age and species, and rthe imperfect
immuneclogical tests vailable to determine a particular immune function or to recpgnize
immunocompetent cells. It should also be mentioned that the frequency of inflammarion, renal
failure, diabetes, anaemia, vitamin deficiency, poor skin reactivity, reduction in non-specific
defence, ete., increases with aging and that these factors can influence the quality of immune
response, GConsequently, it 1s not easy to say whether immunodeficiencies in the aging process are
causad only by a weakening of the immune system, ot also by the additional effects of the above
factors.

Irradiation
—travtatLen

Local radistion therapy can have far-~reaching consequences for infeection by damaging epidermal
and intestinal epithelial cells, and thus protracting wound healing and prometing invasive growth
of entercbacteriaceae. If substantial pertiens of haemopoietic bone marrow are included in
irvadisted fields, impairment of granulopoiesis may result which represents a severe danger for
faral septicaemia. The high radicsensitivity of lymphoid tissue concerning beth T- and B-gell
compartments is well known. As a consequence, cell-mediated immune reactions and primary humoral
immune responses are markedly depressed. Recent study of the influence of radiation therapy on
T-¢ell subpopulations in the blood of women with breast cancer has shown an impressive reduckbian of
70-807% in the absolute cell numbers of suppressor and heiper T-ceils (12).

Staroids

The profound and complex effects of glucocorticoids on the human immune system have recently
been reviewed (13). Aplicatien of stereids in man resulfs in a tedistibution phenomenan:
lymphocytes, particularly T-cella, and menocytes are shifted from the circulatisn to extravasculary
compartments such as to bone marrow. Neutrophils, on the other hand, are flushed from the bone
marrow and are accumulared in the peripheral blood.

Functional alteracions of lymphocytes by steroids concern their blastogenic responses
in vitro, particularly after stimularion with Com A, or with allegeniec cells in mixed leucecyte
reactions. Furthermore, spontaneous and Con A-induced suppressor T-cell activities on B=-cell
maburation were found to be extremely steroid semsitive. S$erum immunoglobulin concentrations are
not decreased or only slightly in steroid-treated patients, in spite of accelerated protein
catabolism. ’

Functions of moneocyres and macrophages are heavily influenced by glucocorticoids: there is
evidence for imhibition of the motility and bactericidal activity of macrophages, put net of
neutrophiis. In addition, the inkibition of the secretion of interleukin-l and plasminogen
activator are assumed to have an indirect affect on lymphoeyee functions by selectively affecting
garly immunoregulatery events.

Thiopurines

The purine analogues H-mercaptopurine and azathioprine are widely and effectively used for
immuneosuppression. Azathioprine is usually given in combination with corticosteroids, In man,
short—term gpplication induces little chamge in the numbers of peripheral B- and T-lymphocytes.
The usual chronic applicatcion of conventional doses of azathioprine apparently has noe influence on
the humoral imwunity. Delayed hypersensitivity and skin reactions are slightly or moderately
suppressed, but not annihilated. After at least three weeks of treatment with S-merceptopurine,
non=-specific inflammatery reactions are weakened or sbelished. Thiopurines, Like other cytotaxie
drugs, may lead to myelotoxic reactions with relatively long-lasting neutropenia and even affect
erythrepoiesis,
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2.2 Immunedeficient and immunosuppressed elderly

Increased susceptibility

It 15 generally assumed that age-related changes in the immune system have clinical
consequences, including chronic diseases, occeurrence of autoimmune phenomena and increased
incidence of neocplasms. Management of these disorders requires the application of cytostatic and
immunesuppressive drugs and radiotherapy. The impaet on the patient's immune syscem, already
weakened by age and worn ocut by chromic disease processes, is a vicious circle resulbing in =
drastically ircreased susceptibility to infections (14},

Effeccs of immunoguppressive tredtment

In additiomn to their desired cytoreductive, anti-inflammatery or immune-modulacing sction,
cytestatic and immunosuppressive agents may produce adverse effects on the patient's defences, such
as granulocytopenia, which is known te be the most dangerous asingle factor predisposing to
infection, functional alterations of phagocytic cells, impaired immune responses and damage of skin
and mucosal barriers (15). Some of these effects of irradiation and of immunosuppressive drugs on
the immupe system are briefly summarized in Table 1.

Table 1, Effects of irradiation snd immuncsuppressive cherapy

Alkylating
Effect Irradiation Steriods Thiopurines agents
Lymphopenia b - + +
Decreased primary
antibody response +++ + - o
Decreased secondary
antibody response 4 - + -+
Decreased delaved
type reactlaons bt +++ + .
Neutropenia 4+ - 4 e
Anti-inflammatory Tk et ++ +
Disturbed wound
healing . o - _

Alkylating agenks

A number of alkylating agents is currently used for immunesuppressive snd cytoreduscive
purposes, such 23 cyclophosphamide, chlorambueil, melphalan and others. Cyclophosphamide, the best
known representative of this group, is a powerful inhibitor of both humoral and cell-mediaced
immunity. In man, shert courses of high-dose cyclophosphamide, approximately 7 mg/kg/day,
complerely suppress antibody synthesis, if given together with an antigenic challenge,

Infections in the immunosuppressed elderly

Morrality statistics show that with advaneing sge desth rates due to infections increase
tapidly. It is clear that the groups of advanced age include persons who are immunocompromised by
chronic disease processes and by cyrtestacie or other aggressive treatment. One major cause of
death from infeefiom i3 pneumonia. However, no distinctlon 1s possible ip crude mertality
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statistics between deaths in which pneumonia is the underlying cause and those in which it is
asgoclated with terminal illness due to other causes. Healthy elderly people as well as elderly
immunosuppressed patients are assumed to be at special risk of contacting pneumococcal

pneumonia (16, 17}.

Underlying diseases and pacterns of infections in eiderly

The most prominent conditienms undermining the defences in patients of advanced age are B-cell
neoplasms. Normal immunoglobulin levels and antibody responses are depressed in patients with
chronic lymphacytic leukemia, non-Hedgkin lymphoma and moneclonal gzammopathies such as
Waldengtrdm's macroglobulinemia and mulriple myeloma. Typieal infections in these parients are
poeumonia and septicaemia ¢aused by pneumococci, but alsc by Haemophilus influenzae and
Klebsiella. Relapsing herpes zoster with tendency for dissemination and oral candidiasis are also
piten encountered. If the age- and diseage-associated immuneodeficiency 1s further sggravated by
¢ytostatic ceatment, incidence and severity of the infections are augmented. Moreover, the specrum
of infeetive microorganisms is widened ineluding Staphyvlococccus aureus, gram-pegative bacterias,
tytomegalovirus, pneumocystis and cryptococcus. Reacrivation of tuberculosis is also reported to
be important. In view of these consequences, the advantages and disadvantages of cytoreducrive
therapy in a given patient require careful evaluation. This is of particular importance for
monec lonal gammopathies most of which are benign conditions needing no such teatment.

A similar pactern of infections is found in old patients who are on immunosuppressive therapy
for rheumatoid arthritis or other autoimmune chronic inflawmmatory disorders. Elderly patients
undergoing extengive surgery for various reasons comprise a separate high-risk group for
infeetions, since it is known that anesthesia and surgery have a negative influence on non-specific
and gpecific immune functions. Postoperative inkensive care, which 15 necessary in many of these
patients, carries a high risk for nosocomizl infections: wound infections, pheumonia associated
with insufficiently cleared bronchial secretions and urinagy tract infectioms in connectiop with
bladder catheterization, may lead to fatal septicemia. Sraphylocoecus aureus and E. coli sppear to
be among the most important organisms in these conditions, followed by Pseudemonas, Klebsiella and
other gram-negative bacteria.

Immunoprophylactic measures in elderly immunosuppressed patients

Active immunization with killed vaccines mey be beneficial particularly in elderly patients
whose defences have not been destroyed by long-lasting immunosuppression: healthy old people were
shown to produce good antibedy responses to pneumococcal polysaccharide vaecime (16) and to
varicella~zoster vaccine (17). In view of the disturbance of the host's defence system, the
prerequisires for development of protective titres in severely imunosuppressed elderly are
comprised but experience is still limited. In addition to pueumococcal polysaccharide and
varicella-zoster, vaccines against hepatitis B, cytomegalo- and infiuenza viruses are currently
being svaluzted,

Passive immunization with poliyvalent immunoglobulin preparations is applied regularly to many
patisnts with chronic lymphocyric leukemia, particularly during the cold season. Hyperimmune
globulins specific for hepatitis B or zoster-immune globulin are given ro exposed persons., These
immunoglebulin preparations have a short half-life of about three weeks apd are expensive. These
and other disadvantages have limited their application so far. It is possible that with new
preparations for intravenous administration, reliable protection can be obtained in a number of
conditions.

The effect of immunostimularory agents on immunological reactivity ia the {munocompromiged
elderly is still yncertain, because there are no comelusive studies that would support or reject an
influence of such agents on the immune system in elderly patients.
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2.3 Measurement of immune response inm the elderly

Methods of measurement of the ilmmune respouse

Clinica]l snd labeoratory methods are available for measuring natural or acquired immunity. The
majority of laberatory assays available are for detecrion of & specific antibody; usually, the
first te appear after immunization belong in the IgM class and are less persistent thac the IgG.

The in vitroe neutralization tests for dertecting or quantifying antibodies afrer immunizaticn
are expensive and require well-trained personnel and large numbers of suitable animals. Therefore,
many eiforts have been made to develop simple, economical, sensitive apd reproducible in vitro
methods for detecting and quantifying asntibodies. The most frequent tescs are based on specific
interaction betwesn antigen and antibody to detect the presence of antibody. ‘The results are
highly dependent on the conditiens under which the test is performed.

The ip vitre technique for antibedy determination is based on the reaction of antigen and
antibedy containing serum., Antibodies which precipitate with a soluble antigen: precipicins are
demenstrated by gel diffusion and counter immunoe¢lectrophoresis radial immunodiffiusion. Their
relative insensitivity in quantification of specific antibodies preeludes their usefulness.

S8imilarly, agglutination reactioms, are used in assaying specific antibody production. The
agglutination teactions are, Nowever, more semsitive aud can be performed directly or indirectly.
A number of viruses are capable of agglutining erythrocytes of various species. Antibodies against
such viruses can be demenstrated in the sera of patients by specific inhibition of agglutination.

Another property of immunoglobulin, useful in quantitating specific antibody, is its ability
to fix complement.

Neutralization of pathogens is 2 very sensitive assay fer specific antibodies; quantification
of antiviral antibodies is particularly useful and sensitive.

More recently, a variety of other assays with in¢reasing sensitivities has been daveloped
(immunoflusrescence, enzyme-linked immunosocbent sssay (ELISA), radio—immune gssay for
determination of specific antibodies).

Quantirative tests for measuring antibodies
The tests most usually used for measurement of antibedies are listed below:
= haemagglutination inhibitien test (HI) for influenza A and B, rubella, measles, mumps:
- complement fixation cest (CF) for influenza A and %, mumps;
- usutralization test for poliomyelitis, measles, ruballa;
- indirect immunefleurescence assay (IFA) for rabies, pneumococcal infection;
- passive haemagglutination for tetanus;
- enzyme-linked ilmmunosorbent assay (ELISA) for tetanus, rabies; and
- radio-immuno assay (RIA) for tetanus, poeumseoccal infection.

Serolpogical investigations

A few serolegical studies on the immune stactus of elderly wicth respect to several diseases,
such as influenza, pneumococcal infection, pollcmyelxtls,‘cetanus or rubella, were done. ArC
present, rthere is no known study on the prevalence of diseases such as measles, diphtheria,
pertussis or mumps ia older persens., Several serological surveys and attempts at immunizacion
dating back before 1970 show the immune stacus of older people with respect to various viral
affections before and afrer immunization.
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In a study of anripoliomyelitis antibodies, it was shown that 27% were seropositive
individuals for all three types of persons aged 71-93, while 3% were pasitive for measles (18).

More tecently, the study of the antirubella antibodies of 80 persons, aged 50-9C, has shown
that 28% were seronegative between ages 50 and 60, 24% between 60 and 70, 3% barween 70 spnd 30, and
20% vetwzen 80 and 90. It is questionable whether the relative loss of rubella antibody in old
aubjects is due to the decline in immunity in previously infected persons or owing £o the fact that
these persons had naver been infected., However, the high titre observed at this age may be
dependent on reinfection.

IgG, IgA and IgM concentrations in sera of 31 subjects over 70 years of age have shown a
significant increase in IgA and a reduction in IgM, while there was a decrease in B-IgM cells and
an increase in B-IgG cells observed in comparison with a youthful centrol group {19). Fallowing
diphtheria vaeccination, the percentage of seropositive individuals was comparable in the two
groups, whereasy before vaccination 40%4 of the young people were posirive as against 604 of the
elderly people.

Only 62% of seropositive individuals for the three types of polic virus was found¢ im the
United Kingdem in the population over 65 years okld (20), No serological study is available in
France, but half of the cases of poliomyelitis reported sinece 1980 occcurred batween the ages of 20
and 60 vears.

In a study of aptitetanus antibodies in persons aged 66-90, 62% were found to be sercpositive
in Switzerland (21} and in France from 50% down to only 6.6% (22).

Assessment of immunological aging

The notion of immunalegical aging is quite imprecise since the different phases of Life
constitute a fluid process and there is no sudden transition from adulthood to old age.

The immune response to antigen stimulatien following immunization shows contrasting results.
Indeed, antibody production decreases with age but with variations depending on the antigen
injected, the number of doses and the individual response. It is difficult to determine whether
what is observed is truly the primary rtesponse or represents a secondary responsa.

Since intradermal tests are inereasing in number, 2 multipuncture method, which is more
acceptable to patiente pnd enables the simultaneeus study of delayed skin-hypersensitivicy
reactions for several different antigens including the control antigen, has been developed. 4
study of three groups of older people {(age 75-84, 85-94 and 95 or over) compared with a group of
adulcs demonstrated fewer positive responses, a lower mean sntigen response to less Lthan or more
than three antigens and decreasing intensity of the responses to antigen with inereasing age.

Immune normality in slderly

Net all old pecple are Immunolegically deficient compared ro younger persons. There is a
population of 80-100 year-old subjects whose immune systems appear to function absolutely
 Elawlessly. The prevalence of these “immunologically normal" elderly in the population has not
been determined. There is some evidence that "immunelegical normality" is correlated wich
longevity, whereas persons of the 60-70 years group with impaired immune functioms (skin tests to
recall antigens) show a shorter survival. On the average, with age, immune functicns deteriorate
while individual variations increasae.

2.4 TImmune response Lo tetanus toxeid and influenza vaccine

Immyne response fo tetanus toxoid

The best evidence of the immune response is serological conversion and effective protection
a2gaingst disease.

A study in France of 2 large group of persons over 65 has shown that the serological response
was in accordance with the inifial titre of the vaccine, the absorbent, the number of injections
and the intezval between them {22}, Regsrdless of the titre of the vaccine used, the antibody
response wag identical when three doses were administered, but differences are seen when the
vaceination schedule is reduced to two injections. The best results were observed in persons
vaccinated with & highly antigenic vaccine with & titre of ar least 30 LF.
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In addirian to the above study, the surveys have shown that most of the antitoxins have
insufficient antigemicity for use in a single injection in older people. The seroconversion rates
reported in the various surveys range from 42% te 50%. However, there are delayed responses to
teranus immunization (23). Serocoaversion rate increased, e.g. from 39% after one month to 59% at
five-months interval, and the antibedy level rose from 76% to 100% when the interval was increased
from ona go five months (24).

The age—rtelated study has shown a better response to vaccination in elderly peeople under
B0 years old with definitely higher antibody rirras.

Immune response to ilufluenza vaccine

Comparison of influenza antibodies one year after vaccinatiom in persens vagcinated only once
or during three consecutive winters indicates that for the 40-90 year-old population, rapeated
immunization has no cumulative effect on the level of anti-4 and anti-~B aatibodies. The results
are different for persons over 60 years of age in whom repeated immunizacien has no cumulative
affect on the level of anti-A antibodies buc a noticeable one for anti-B.

The pre~immunization immune status with respect to the influenza virus strains concained in
the vaccine depends on the prior circulation of that strain. This is the case for the A/Brazil/73
(Hl¥L) strain for which & high proportion of the elderly people were sercpositive, owing Lo its
circulation some 25 years earlier.

Az a whole, 75-954 of subjects, depending on their age, responded to influenza immunization
for tha A—virus, while only 65% rasponses to the B virus and 57% remained belew the protective
level.

3. Influenza

3.1 Epidemiological surveillance

In general, surveillance iavolves a eomplex study of the infecticon as a dynamic process
invelving etiplogical agenr, host, enviromment and all conditions which may influence the process
of spread of infection. The aim is to <reate an efficient system of measures rto concrel, eliminate
or eradicate the infection.

As far as influenzes is concerned, some most imperfant alements of surveillance are below.

Main sources of surveillance data

Regular reports

Mortality reports include the number of deaths attributed to influenza, pneumecnia, bronchitis
and other acute respiratory diseases.

Morhidity weekly reports of all acute respiratery iafections including influenza (ARI) are
provided by primary health practitioners by age group and admissions rte hospitals,

Work and gchool absenteeism reports include the number of pecple absent from work or school
due to ART.

Laboratory reports

Virus wakch propramme 1s a continuous programme following the circulatien of influenza virus
and other respiratory viruses throughout the year including the nenepidemic period. The material
is collected from selected sentinel starioms or spotters and in cases of ARI outbreak from any
place of its occcurrence. Antigeniec, biological, ecoleogical and pathological properties of isclated
influenza viruses are studied.

Serciogical invastigation, paired acute and convalescent sera taken at a 7-14 day interval,
are investigared for a four-fold or greater rise in antibody titre. Unpaired sera (a group of
acute and a group of convalescent sers) are used 2o make 2 meore rapid diagnesis of an influenza
outbreak.
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Serclogical aurveys

Serological surveys carried out annually, in which sera are obtained from healthy persons of
all ages and tested for the presence of influenze antibeodies with different antigens, are used to
estimate the lavel of collective immunity of the population.

Immunization

Influenza immunization is usually recommended in the lace aufumn or the beginning of winter,
several weeks before the influenza season (depending on the gesgraphical and climatic conditions of
the country), using vacccines coaraining killed combined (types A and B) virionic vaccine
containing antigenie strains. Groups of rhe elderly for whom vaccine is particularly recommended
include:

{a) acquired or congenital heart disease associated with pulmonary congestion:

(b} chrenic pulmonary disease asscoclated with compromised respiratory function;

(e) chronic renal disease, especially with azoremia;

(d) «chronic metabolic disease, such as diabetes mellitus;

(e) immunodeficient or immunosuppressed conditions, including malignant tumours, leukemia,
ere., under therapy; and

(f) chronic savere anasemias, such as sickle celi disease.

Information dissemination

WEEkly_repurts of ART incidence are analysed and distributed rapidly te all compomnents of the
epidemiclegical service, including national and lecal health sutherities, clinicians, sod
laboratory and publie health workers. The weekly report includes:

- data on general and age-specific ARI mortality and morbidity in the country, regions and
digtricts;

- commentary on the epldemiclogical situation im ARI;
- informacion on the recent influenza situation in the world; and
= results of the work of virological laboratories.

The rasults of serolegical influenza surveys should be published annuwally and distributed to
all concerned ag above.

Predietion of gpidemicsa

Influenzs epidemics can be predicted as follows.

Short-term prediction includes the contfinuous evaluation of the results of laboratory
investigation, i.e. virus isolation and seroleogical investigation, supplemented by the evaluation
of mortality and morbidity reporting and comparison of the actual figures with the situation in he
previous seasons.

Long-term prediction takes three sources of information inte consideration for the prediction
of influanza epidemics for the coming season: (a) the antigenic types of recently isolated
influenza viruses; (b) the immunity of the population, naturally or artificially induced,
estimated according to the results of previous serological survey; and (¢) influenza incidence in
the southern hemisphere.

Interpretacion and puidance for vaccinatioen

The aim of surveillance is to create an efficilent system of measures to control, eliminate or
eradicate the infeetion. It is nobt possible, however, to ianfluence substantially the spread of
influenza at present, because therve is practically ne way of isolating the seurce of infeetion and
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ne way to interrupb btransmission. However, we are able to change some population groups freom
susceptible to immune to a limited exteat. The ¢linical and epidemiological impact of this effort
is usually not enough to persuade the publiec or health workers of its efficacy.

There are many negative factors influencing the practical effectivenesz of influenza
surveillance:

- rhe differential (etiological) diagnosis of ARI in the field is unreliable which jincreases the
difficulty of evaluating the preventive effect of vaccination or chemeprophylaxis;

- problems c¢coencerning the compesitien of the vaccine &5 well as the route of adminiscration, the
role of humoral and secretory antibodies; and

- the problem of peszource allacation, even in the case of good vaccine, and of sufficient time
and persennel for vaccination of persons who are at greatest risk.

As far as the immunization of the elderly against influenza is concerned, it is necessary to
consider the fellowing:

= wvacecingtion against influenza is not compulsery, some older people accept, some of them do aoc
like '"new" things at all;

- preventive vaccination programmes which are successful are carried out mostly in children
because, apart from other reasons, paediatricians are meore oriented te prevention than general
practitioners; and

- mass vaccination campaigns have been used with success in adults (like tetarus immunization),
but in the ¢ase of influenza, it is difficult because of scarcity of vaccine and its
short-lived effect.

3.2 Early warning of outbreaks by excess mortality monitering

Anglysis of excess mortalitby

Monitering of excess mortality is of 2 great value for the early warning of influenza
epidemics because, although it lags about two to three weeks behind incresses in influenza

merbidity, it serves as the primary quanktitative indicator of the inrrease of rhe rates of
infeetion (24).

Excess mortality is defined as the difference batween the observed number of deaths and the
expected or prognosticated number of deaths in a given interval, e.g. a monkh.

Due to the great differsnces in the expected number of deaths from one age group te another,
excess mortality must be expressed relatively, i.e. against the expected number of deaths in single
age groups, The percentages of excess mortality in different age groups and diffarent areas can
thus be compared.

Excess mortality, as an absolute indicator, may often lead £o the wrong conciusion, espacially
when mortalicty is analysed by age group. There are significant differences in mortalicy among
diffarent age groups - in the young age groups death rate is very low and among persons over

65 years of age it is very high. ¥PFor example, in Yugosiavia im December 1972 excess mortality
armounted Lo:

- 200 in the 45-64 year age group;
- 620 in the 65-75 year age group; and
- 950 among those over 75 years of age.

Expressed relatively, excess mortality was:

= in the 45-84 year age group 24.4%;
- in the 65-75 year age group 27.2X: and
- in the over 735 year age group 39.3%.

This means that in December of 1972 mortality in the 65-75 year age group was 2.8% higher than
in the 45-64 year age growp and 14.9% higher among persons over 75 years of age than im rhe
45-64 year age group.
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The number of deaths from all causes and fhe number of deaths from pneumonia and influenza in
Yugoslavia in an ll-year peried (1960 teo 1971) have been analysed. An increase in mertality never
eccurred except during influenza epidemics. Mortality from 21l causes was much higher than
mottality £rom pueumenisz and influenza, Thus, for example in Mareh 1964, the number of deaths due
to all causes was 7334, and rhe expected number of deaths was 3300. At the same time, about 200
parsons died of pneumonia and influenza, while the expected number of deaths from these causes was
approximately 100 persons. Analysis has shown that the grestest excess was due to cardiovascular
and bronchopulmonary deaths. However, they could not account for the whole excess of 3800 deaths.
Similar conclusions have been reached from analysis of the excess death rate asnd causes of deaths
in another influenza epidemic which occurred at the epd of 1969. These data indicate Lhat excess
mortality from all causes is the best guantitative measure of influenza spidemics.

Correlation between excess mortality and influenza morbidity

One of the classical descriptions of epidemics, which is often 2ssociated with influenza, is
"high morbidty, low mortality” (25). However, one should always bear in mind that merbidity in an
infivenza epidemic may be so high that even a low mortality invelves a great number of
deaths (26). Every influenza epidemic inm 2 population leaves behind a sharp peak o¢f deaths from
various causes. By analysing the causes of deaths and influenza epidemics a close correlation
betwesn excess mortality and influenza epidemics can be detected,

The expected mortality from all causes is generally in good accerd with the observed npumber of
deaths, except in thosze months when there is an increase in influenza morbidity. In the 4564 year
age group excess mertality was clearly noted during the four greatest epidemics in 1970, 1972, 1973
and 1975 which occurred in Yugoslavia. During three smaller epidemics (1971, 1976 and 1978}, there
was no excess mortality, or it was only minimal and could be considered as an accidental
deviation. In the 63-73 year age group, execess mortality was noted each time there was an excess
of deaths from 4]] causes and when there was an inerease in influenza morbidity. The same excess
mortality was alse noted in the over 75-year age group. Excess mortality, with regard te the cause
of death, was found to be asgzeciated with acute respiratory, cardiovascular and bronchopulmenary
diseases in all the three age groups observed.

During the influenza epidemics at the end of 1972 and the beginning of 1973 in Yugeslavia, the
reported excess mortality amounted ko 71Z. At the beginning of 1975, reported excess mortalily
was 40%, In 1976, reported excess mortality was 27%, and in the 1978 epidemic axcess mortality
af 26%4 was observed.

The reported number of cases is certainly in every eountry smaller than the actual number of
persons affected by influenza. However, the difference between these twe numbers is believed to be
moze g less the same in all epidemics. The correlation between the number of cases and excess
mortelity was found to be highly significant statistically. It was observed that the percentayge of
excess mortfality increases exponentially with the increase in ipfluenza morbidiry. The studies
performed elsewhere, e.g. in the USA (27), confirm the above observatioas. It is therefore
considered that the above method should be generally accepted and excess mortalitcy analysis used as
a rapid and most reliable guancitative indicator of the magnitude of influenza epidemics.

3.3 Llmmynization of the elderly against influenza

Studies of age-related mortality during pandemics of influenza have shown that the highest
death ratesz occur in elderly persons (1). Although this excess mortality is most striking when a
major antigenie shift aecurs in the influenzas virus, it is also evident in interpandemic yeszrs. In
outbreaks of influenza A and B in the institutionalized elderly, mortality can be substantial
{up to 30%) (28), An especially high rate of mortality has been reperted among the elderly with
underlying chronie diseases (29-31), ramging from 137 to 615 per 100 000 in persons aged 45 yaars
and over (29).

The high propertion of influenza-associated deaths invelving persons older than 65 years
clearly indicates a need te give high prierity te ensuring that such persons receive protection
before influenza epidemics. Annual immunization of this high-risk group has been justified on bath
epidemiclogic and economie grounds (30, 32).

lmmune tespeonses to influenza vaccines in the elderly

The efficacy of influenze vaccines s usually estimated on an immunclogical basis by the
sercconversion rate amd the percentage of vaccinated subjects showing an antigen agglutination
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antibody titre rhought ro be protective ( 40). In prineiple, it has been feund that there are no
subsfantigl differences in antibody responses between young and elderly populations [e different
subtypes of influenza viruses (33, 34).

In another study (53, 654 of elderly persons developed four-fold or greater responses ta a
split-product vaccine and 65-86% of recipients of whole-partiecls vaccines (H3N2Z antigens)
serocoanverted (35, 36). However, response of the elderly to A(H3N2) antigens may be less frequent
and of lower magnitude (37). A high rate of seroconversiom in rhe elderly was reported in trisls
with vaccines ceontaining A(HINL) ancigen (37-39), Whole-particle and subunit vaccines were similar
in their antigenicity. Nasal secretory antibody responses in the elderly were also similar o the
responsas of younger subjects (33, 40).

Very limited information is available on cell-mediated immunity of the elderly to influencza.
The available data (34, 41) suggest that there may be some important differences in cell-mediated
immunity responses of the elderly ia comparigon with younger subjects in response to influenza
vaccines.

3ide effects

Most studies have shown that influenza vaccines are safe and well telerated in elderly
persons. Leocal and systemic reaction in the alderly oeccur with much the same frequency as in
younger adults. Split-product and whole=virus vaccines appear nearly eguivalenr ip terms of side
effects and antibody repsonse (37, 38). Im addition, 8o far no unexpected side effects, such as
exacerbation of underlying diseases, were observed during the early or late shservation
period (37). Comparison of the effects of repeated vacecination on the kinetics of antibodies and
on tolerance of the vaceine has shown that after a single injection, lecal and systemic resctions
in children, adults or elderly persons were minor and short lived, Among several hundred
individuals vaeccinated twice, reactions were noted in 1,7%. There were 2.2% systemic reactions in
adults and elderly persons immunized three times. No systemic reaction was observed in the few
persons who were vaccinated during four consecutive autumns.

Vaccine effectivenass

Influenza vaccines tested in controlled trials in elderly populations have genarally been
effective, It has been shown (42) that vaccine efficacy relates to the pattern of vaccination:
individuals who received a single does of A? vaccine in two eonsegutive years of study were
considerably better protected than those who had received vaccine in only one of the years. The
tate of febrile illnesses in the former group was more than 90% below rhat of the vaccinated
contrel group. Theose given one does were only about half as well protected.

Seme reduction in the duration of fever resulting from the use of the mest recent vaccines
even in the face of antigenic drift of the influenza A~type virus has been demonstrated (30). A
clinical study among a geriatric population showad that influenza infections followed a milder
course and brought abour fewer complications ameng vaccinees and the moztality rate was 20 times
less (43). In anorher study, vaccination ia a geriatric hospital reduced the influengg attack rate
from 364 te LO%4 in 1977 and from 25.7% to 5% in 1978 (44),

In non=institutionalized elderly persons with underlying diseases, vaccination with closely
matehed vaceine significantly reduced influenza hospitalizatieons and death compsred with
non-vaccinees {29),

However, several studies have failed to show protection from influenza vaccines, A major
reason for the lack of effectiveness was that the vaccine virus did not mateh the epidemic
virus (43, 46) or was not potent (6). Vaccine protectioa eould net be shown in persons over
653 years of age who did not have underlying disesse (4). In another similar study (47), a
trivalent {A/Vietoria/75 (H3N2), A/Scotland/74 (H3NZ), B/Hong Kong/73) vaccine administered to a
"regular vaccinee'" geriatric group in 1976 failed to reduce the incidence of epidemic influenza
(A/Victoria/75 infection), although it did coafer protection in vounger groups of subjects with
less prior vaccine experience. Although most findings suggest thar inactivated vaccines confer
substantial protection against influenza in elderly subjects, further controiled stydies are
required to elucidate the optimal usage of the vaccine for the protection of the slderly.

Improvement of technology and an understanding of the genetic basis of virus growth in recent
years has enabled the production of purer (free from egg proteins) and more standardiged
(using single radial diffusion) inactivated influenza vaccines. But much more should be done to
increase efficacy of influenza vaccines.




ICP/ESD 008
Q310G
page la

It hag been shown that antibody of persons naturally infected with influenza reacts
gerologically more often and te higher titre to cell-grown virus rather thamn egg-grown virus. This
implies that influenza vaceine viruses grown so £ar in eggs may not exhibit the optimal antigenic
determinants to induce pretective antibedy.

Furthermore, slthough immunization remains the major public health control measure for
influenza in the elderly, additional control measures such as antiviral agents arve requirad. The
recent WHO informal consultation on clinical use of amantadine/rimantadine (Vienma, August 1983)
has recommended rimantadine prophylaxis for elderly and high-risk individuals especially for those
who reside in nursing homes and similar institutional sectings, whether or not they have received
influenza vaccine when influenza A activity is suspected or detected in the insticuticn or
communify,

Rimantadine can be adwinistered during the period of greatest risk for acquiring infecrion,
generally the 4-6 week period follewing an outbreak, although occasieonally, depending on
circumstances, shorter or longer periods of prophylaxis may be advisable. The recommended
prophylactic dose of rimantadine is 200 mg/day. Studies have demonstrated that this drug will
prevent 70-90Z of influenza 4.

Vaccination atrategy

The primary goal of the influenza vaccination policy, past and present, haa been the reduction
of excess death (49-51). In several countriea (Camada, France, the Federsl Republic of Germany,
the United Kingdom, the United $tates and the USSR), vaccination is recommended for older persocns,
particularly theose over 65 years of age. In the U3SA, the Immunization Practices Advisory Committes
recommends annual influenza vaccination for all persons over 635 years of age and for peraons
younger than 65 years with chronie underlying illnesses (48). 1In spite of repeated recommendations
in the USA, an average of 9500 excesa deaths annually was estimated in this high-tisk group from
1968 to 1976 (27). During this period, fawer than 20% of the elderly population received influenza
vaccine (52, 53). Given the observed two-fold or three—fold excess influenza mortality during the
epidemics, one half to cwo thirds of these deaths may be comsidered potenrially preventable by
providing influenza vaccination universally to those at highest risk.

The clinician plays a critical role in implementing this pelicy by recogniszing snd vaccinating
patients at greatest tisk. Various strategies for effisisarly inereazing the delivery of vaccines
have been proposed.

Binece nursing home residents are an easily accessible high-risk population, Fedson (54) has
recommended focusing vaceination efforfs in uursing homes and hospitals. Larson er al. (53) have
suggested a strategy of sending "reminder postcards" to all high-risk parients in a practice, It
iz clear that the control and prevention of influenza should be a high prierity im the elderly, but
the choice between different strategies depends on health care and morbidity patrerus of a
particular population.

4. Pneumonia

4.1 Pathogenesis and immunity

Incidence

Pneumonia may afflict persons of any age, but both its incidence and its mortality rate are
highest late in life. 1In the USA in 1974, "infiuenza and preumonia" ranked fourth ameng the causes
of death of those 65 yesrs of age and older - the only category of disease of infectious origins
among the ten leading causes of death. A retrospective study of pneumccoccal bacteremia, most
commonly a sequel to pneumonia, showed its incidence to be two and a half times higher among those
in their 60s than in persons of all ages.

Reasons for the inereased incidence of and mortality from pneumonia in the aged are only
partiglly understood, Changes affecting both natural resistance to infeerion and the immune
mechanisms evaked in response to specific parhogenic microorganisms doubtless play a role,
Alcerations im the structure and funcrional capacity of the leower respiratery tract are associated
with the increasing incidence of pneumonia with advancing age (58). Musculoskeletal changes reduce
vital capacity and the forcefulmess of cough; neuromuscular alterations affect flottal closure and
the ¢ough reflex, increasing the frequency of aspiration; and alveolar edema resulting from cardiac
failure impairs pulmonary clearace of bacreria, increasing the likelihood of prneumonia.
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It is unclear what roie, if any, alterations caused by advanced age in cellular immunity play
in the pathogenesis of acute preumonities of diverse causes in rhe elderly.

Continuous exposure of the respiratory tract to the external eaviromment and the diversity af
microorganisms capable of infecting mskes prevention of pneumonia diffieule. All agents causing
respiratory infeetion, however, are not equally invasive. It is appropriate to direct prophylaxis,
when possible, against those giving rise fo the greatest number of illnesses and deaths.

The normal mammaliazn respirvaktery tract is highly resistant co infecrtion with most bacteria but
becomes vuinerable to such infection following injury te the lungs by physical, chemiecal ar viral
agents. Aspiration of gastric contents and of materizl fed to supine patiemts are doubtless
important factors contributing to the increased incidence of prneumonia in the elderly ang
debilicated (56, 37). Among the viruses, infections of the aged with those of influenza are among
the most important causes of morbidicy and meortality, especially in persons with chronie underlying
illness. 1In addition, the pulmonary iajury of influenza predisposes to secondary bacterial
pneumonia, most commouly pneumococcal, less frequently seaphylococcsl.

Despite such demonstrated efficacy, influenza vaccines are greatly underutilized. A high
proportion of patients dying of "influenza/pneumonia’” had been hospitalized in the previous year,
and this suggests that those in this caregory be given influenza vaccine immediately prior te
discharge from the hospital (58).

Among the bacterial pneumonias, those acquired outside of hospitals are caused mast commonly
by Screptococcus pneumoniae. Although antimicrobial drugs have brought about significsnt reduction
in the mortality of pneumonia czused by the pneumecsscus and by s number of other bacteria, there
iz no convineing evidence that a decline in the ineidence of guch infections has resulted from
their use. 7The fatality rate from bacteremic pneumococcal infectiom i1s still upaceeptably high.
Eight studies from four eountries in the past twe decades have shown it to exceed 25% following
treatment, with penicillin or with other antibiotics, of persons over 50 years of age or of those
suffering from a variety of chronic illnesses {59-67). The group at high risk of death from
bacteremic pneumococcal pneumonia is quite similar te that at high risk of death from viral
influenza,

Study of the survival curves of untreated patieats with bacteremic pneumccoccal prieumonia and
of similar patients treated wirth antipneumococcal serum or with penicillin shows little difference
in the first five days following the onset of illness. This observation suggests that death
results from early irveversible physielegie injury of the patieat, injury not influenced by
antimierobial therapy., Two thirds of all deaths among patients with bacteremic pneumococcal
preumonia Lreated with ancibiotics occur in this Five-day period. Because the nature of the
physiologic injury resulting from pneumococcal infeetion is not understood and means to reverse it
are not available, prophylaxis appears to offer the best way of reducing rhe incidence of fatal
infections ameng those st risk (59). An additional reason for considering the prevenzion of
pneumococcal infectlon is the gradual increase in the number of iselares showing augmented
resistance to one or movre antipneumococcal drugs (68),

4.2 Puaeumococcal polysaccharide vaccine

Tertravalent vaccine of pneumococcal capsular polysaccharides was shown to be safe and
effective in preventing type specific pneumococeal infection im military rectuits in 1945 (89). In
a similar study im an industrial populatiem in which a trivalent vaccine was administered, the
polyvalent vaccine was shown to be 85% effective in preventing bacteremic infection caused by types
represented ip the vaccine (70). 1In addition, in this population in which the preponderance of
acute pulmonary infection was caused by the pneumecnccsl types represented in iE, the vaccine was
eifective in reducing by 50% all radiclogically confirmed preumonia in vaccinees, irrespeczive of
cause, over the two-year pericd of the trial. The successful demonstration of the efficacy of
vaccines of pneumococcal capsular polysaccharides in preventing type-specifie pneumococcal
infection in these twe studies was facilitated by the high attack rates of disease, the access of
participdnts in the trials only to participating hespitals and the high level of coaperation of
physiciang invelved in their care.

Studies of pneumccoccal vaeccine in the elderly, although lass definitive, are consistent with
its efficacy in this segment of cthe population. Investigations of the responsiveness of older
persons o the vaccine suggest that the levels of antibodies achieved may be somewhat lower and
persist for a shorter duration than in younger adults, although the differences are not
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striking (71, 72). There is need for additional studies to determine the optimal age of
immunLgation to provide maximal protection for the elderly. A Eriel with a trivalent vaccine ino
3000 persons over 50 years of age showad a 90% reduction in vaccinees of bacteremic infection,
cauvsed by pneumococcal types in the vaccine, when contrasted with a similar cohort of unvaccinated
controls (73). Bome questions regarding the design of this experiment have been raized. In a,
later trial of a lZ-valent vaccine in 6500 persons over 43 years of age and a comparable number of
controls, there was teo little bacteremic infection to permit meaningful analysis. Ambiguities
associlated with immunolegical diagnosis prevemt firm conclusions (74). The results are consistenc,
nonetheless, with the vaccine's efficacy in preventing infection caused by the paneumococcal types
represented in it. Further data are needed to assess more fully rhe efficacy of polyvalent
vaccines in high-risk populations, Because the ifmmunological behavicur of & vaccinee, with a
nonbacteremic infection and 3 pneumecoccal type represented in the vagcine, is unknown and can be
learned only Frem studies routinely employving the invasive techniques of transtracheal or lung
puncture, such investigabtions are unlikely to be done for ethical reasons. Study of the efficacy
of pneumoesescal vacecine in preventing bacteremic infection does not require the use of
immunological methods to confirm diagnosis. Its incidence 1s such Ln most populations, however,
that the enrollment of 100 000 or mere participants would be required, and the econemi¢ and
logistical problems associated with conventional randomized double-blind trisis of such size are
likely to preclude them. Alternative metheds of analysis are available in the form of case control
studies (75) and of studies by the method proposed by Broome et al. (76). Preliminary resulis of
such atudies are consistent with the efficacy of the vaccine.

Although 83 pneumococcal capsular types are kaown, all are not equally invasive. The
composition of the 2Z3-valent vaccine licensed recently ia rhe USA is derived from the distribution
af paeumagoceal types or groups causing over 13 000 infections of blood or spinal fluid in ail five
continents.

4.3 Immunization of elderly again pneumonia

There is some difference in prevailing types of pneumococci, therefore, the vaccine should be
composed S0 as to protect againat those most prevalent. The antigens included in the vaccine
tepresent the capsular types responsible for B0-90% of bacteremic pneumscoccal infections
worldwide, It is important to bear in mind that pneumococeal vaccine is the most complex vaccine
ever developed for administration Lo man and that it i1s designed to prevent many immunologically
distiner infectiona, Thias fact should be takem into consideration when planning immunization of
high=risk groups as the efficacy of pneumeccoccal vaccine is likely to be less than anticipated.

If one vaceinates a cohert of susceptible persons, wheo respond equally well to the polysaccharides
in the vaccine and experience comparable exposure thereafter to all the types included in i, and
if one hypothesizes further that the efficacy of each individual antigen in the vaccine iz 99%,
then the maximum attainable efficasy of the polyvalent vaccine will be 0.9943 op 79%, if the
failure of one component is considered equivalent te failure of all. It is important that the
above should be considered in making realistic pradictions and later evaluations of the
immunization programmes carried out with a polyvalent pneumococcal vaccine.

Like influenza vaccine and for some of the same reasons, pueumecoccal vaccine is
underutilized., Omission of the vaeceine results, in part, from lack of awareness of the coantinuing
high morraiity from bacteremic pneumococcal infection in certain segments of the population and, in
part, from the desire for more definitive data on the vaccine's efficacy in some categories of
patients at high rigk of fatal infection, including the elderly. Such data can be obtained only if
mere peérsons at high risk are vaccinated in the future and are compared with their unvaccinated
counterparts by means of case control and ¢ohort studies, as vofed earlier. Because many patients
dying of pneumccoccal pneumonia have been hospitalized in the five years before their deaths, it
was proposed that, when hogpitalized, these identifisbly at high risk be vaecinated prior te
diggharge if they have not been immunized previously (77).

Vacgines are not available to prevent most other forms of bacterial pneumonia, including those
caused by staphylecocci, group A streptococci, the entercbacteria, Pseudemonas aeruginesa and
Legionella spp. A tetravalent meningococcal vaccine, including the polysaccharade of group Y (78),
and a vaceine of the capsular polysaccharide of Haemophilus iafluenzae type b are available, but
the related organisms are insufficiently studied as causes aof pneumonia in the elderly. However,
in seme areas and at the time of epidemics of cerabrogspinal meningiris due te group A and/or G and
Y, combined polysaccharide vaccine could be applied. The combined vaccines for elderly are scill
te be developed.
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9. Tetanus

9.1 Tetanus as a problem of the elderly

Incidence

More than one million people die from tetanus in the world every year, most of them in
developing countries. By contrast, over the last 30 years (195L-1980), tetanus morbidicy has
markedly declined in ail developed countries (79). Among the mest impertant centributing factors
are the increasing proportiong of births with medical aid, the extension of routine active
immunization, prevention of accidents, and better wound care.

In the USA, over the lastc 60 years tetanus mortality rates dimipnished by mere than 38 times.
This cccurred in all age groups, especially in the 0-% year and 10-19 year age groups. However,
the trend came to a halt in adults as the immunization programme failed to reach them (80). Case
fatality rates smong tetsnus patients have ypemained about 70% for newborns and above 7235 for
persons over the age of 40 years.

During the pericd 1951-1970, the loss of life due to tetanus among the European population,
exgeedad 3000 per year; but over the last decade (1971-1280), the number of such deaths has fallen
to less than 1600 per year (81). In seme tegions, where tetanus used to be a savere problem
{e.g. Moldavian SSR) due to immunizstion programmes, the mortality rates dropped 105 rimes over a
perigd of 14 years (1961-1874) (8l).

Selective studies on immunity to tetanus in developed countries have shown thst from
804 te 98% of children in the 0-15 year age group had a protective level of antitoxin im their
serum, while anly 50-75% of those over the age of 50, as well as women, afforded such
protection (81).

In all developed countries, there has been a2 trend of gradual increase of overall tetanus
fatality rates (over 60) wowing to the shift of the high-risk groups towards the elderly.

Experience in many countries has shown that planned actfive immunizaticon is a very effective
measure in combating the disease. Only persoms who are actively immunized and have s protective

level of antitexin in their blood can be guaranteed from any risk of contracting tetanus.

Estimation of prevalence

A mathematical model (2) nas been developed to determine the risk for neon-immune population.
It is sstimated that zisk (R) variss greatly depending om the character and quanticy of open wounds
ang environmental conditions (contaminmation of soil with Cl. tecani and season).

However, as the risk (R) is universal snd wopredictable in every individual case of injury,
the only guaranteed way te aveld it is active immunization of every individual,

At present, high~risk groups of the popularionm in developed countries are concentrated among
the elderly and women. '

In order te ensure maximum safety and effectiveness of immunization programmes, they should be
monitored with serclogical estimation of the level of ecirculating antitoxin, as well as allergy

studies to prevent possible severe post-vaccinal complications.

5.2 Immunization of elderly with tetanus toxoid

Tetanus toxold

Tetanus toxoid has heen proven of high effectiveness and the elderly develop, in general, a
good immune response to it., In a recent study of tetanus immunization ameng older subjects in
France, the affectiveness of three toxoids containing respectively 10LF (Tetavax Nerieux),
3OLF (Tetavax Nerieux), both adsorbed on aluminium hydrexide, and the third one contaiming 3OLF
adsorbed on calcium phosphate (IPADT Pasteur) was determined.
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The subjects, over &5 years of age consisting of 182 women and 63 men, were divided into two
groups:

the first group received three injections, two injections one month apart, the chird injectien
four months latery and

the second group received two injections at am interval of five montha.

Blood gsamples were taken before immunization, one menth after each inmjection and %, 9, 2l and
33 months after the third injection inm the first group and the second injection in group two.

Regardless of the titre of the vaccine employed, the antibody response te all three toxoids is
the same, when three injections are given., There is & difference, however, when twe injections are
given; better results are obtained with tetanus vaccine containing 30LF adsorbed on alumium

hydroxide,

Despite the increased antibody titre found ome month after the second or third injectien,
depending on the group, a repid drep in the antibody levels was observed, especially following
vacclnation with vaceine adsorbed on caleium phosphate.

Nevertheless, although the peost-immunization antibady levels were stable for at least gne
yaar, titrations done 28 months after the second or the third injection showed a large drop in the
percentage of protected subjects.

Furthermore, the study of the results in the group which had three injections, as cpmpared
with those in the second group, showed that the injection given one month after the firs: seems to
have had little effect on antibody production.

Better responses were achieved among people under B0 years of age. The geometric means of
antibody titres were considerably higher,

Fig, 1, Tetanus immunizarion in elderly - geowmetzic means of
antibody gs telated to age

Populiton Populstion -~ S0 years

Geoomands magni

montha
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Immunization programmes

Effectivenass and safety being proven for tetanus toxeid as well as long-lasting immunicy
indicate that the problem of the protection of the elderly lies entirely on the sound programme and
the logics of the applicatien of rhis relatively safe and rather potent amtigen for protecticn of
the newborn and all ages. It was proposad at a number of internatisnal conferences on tetanus rhat
every 10 years or so adults should be rtevaccinated in order to keep the level of individual
immunity high enough because so called '"natural immunity” in tetanus if of low ogcurence in
developed countries. The matter depends on the abiliry of health administrstion to execute such
programmes and to obtain the ceoperation of adults and elderly people to participate in them and to
be vaceinated,

h. Hepariris B

Prevalence

Hepatitis type B(HBE) is present in all parts of the world., It is transferred by the
inoculation of blood or blood products containing hepatitis B virus (HBV) (i.e. Hapadnavirus typas
1 ) snd to lower extend perinataly and through sexual contacts (83). The prevalence of HB
infection can be estimared on the basis of the detection of HBV markers, primarily the surface
antigen HBaAg. There are three zones of HB prevalence in the worid, namely: low-prevalence zone
(HBaAg ineidemce of 0.1-0.5%) covering norchern and western Europe, North America and Ausctralia;
intermittent-prevalence zone (HBsAg incidence of 1-5%) covering the Middle East, southern and
eastern Europe, South America and the USSR; and high-prevalence zone (HBsAg incidence of &=30%)
covering mest of Africa and Asia (84).

Hepatitis 3§ vaccine

Hepatitis B vaceine has been shown effecrive and it is indicsted for persons at high risk for
HB iafection irrespective of age. These groups include health care and laboratory personnel, close
contacts of HBV carriers, the newborn of chronically infected mothers, homosexual men, drug addicts
and prostitutes. Also included are patients requiring multiple blood transfusions, sueh as
patients with anaemia, malignant diseases, or patients under cytostatic or immunosuppressive
therapy and hzemodialysis patients.

Whereas the majority of eandidates for hepacitis B vaccination are young, there is also a high
proportion of older individuals who need te be vaccinsted with hepacitris B vaccine because they are
immunocompromised. Immunization of immunosuppressed elderly agzinst hepatitis B virus is
indicated. Oniy limited data exist about the vaccinatien of elderly persons. In heslthy probands,
it was found that older individuals, particularly males, tended to respond to the veccine less
adequately thaun younger persons (85). Significant reduction of the response rate in vaccinees over
50 years of age (65% versus 931) has been observed in another szudy (86). Coaflicring results were
reported about the influemce of age to the immune response in dialysis patients. These patients
are known to have ilmmunodeficiency and respond poorly te the vaccine. In most studies, g response
rate of 50-60% was found in these groups of patients (87).

In two clinical trials (83, 88), a significanr difference of the immune response accerding to
the age of the patients has been repurted. In two other trials, a clear age-dependency of tha
immune response of dialysis patients could not be found (86, 87). Rapid advance in the field of
synthetic and recembinant vaccines has already tesulted in creation of new generation hepatitis B
vaccines which are presently included in the WHO programme on vaccine development.

7. Typhoid

7.1 Incidance

Typhold incidence is high in mest developing countries and low in developed ones. Most
European countries have reached the threshold of incidence where the self-control process
begins (89) and, therefore, immunization of the population at large is not justified. Sanitary
improvements and a gradual decrease in the prevalence of chranic tarriers due to pepulation
dynamics have slowly led to the eliminacion of the disease. Howevar, endemic typhoid persists in
areas like the Middle East, Worth Africa and South Americs, and this provides & reservoir from
which the disesase may be reintroduced in Europe.
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The high-risk zroups in European countries are mestly these (including elderly) who visit sugh
areas where they may be exposed to infectiou,

The vaceines presently available are parenteral vaccines, which have proved te be abour B0%
effective but which are relatively reactogenie (90). Less reactogenic live vaccines have been

developed and gre being tested for effeetiveness (3). 5. typhi 2la vaccine has proved to be
non~reactogenic, safe and effective, but its optimum formulation and standardization still has to

be proved by controlled field trials and laboratary studies which are sponsored by WHO (91).

7.2 Immunization of the elderly

Since typhoid is a serious clinical illness, elderly persons visiting endemic areas are
exposed to high risk and need to bhe protected by an effective and preferably non-reactogenic
vaceine.

8. Cost=effecriveness of immunization of the elderly

Cost and coverage

Application of immupization t¢ the elderly requires sound health care budgeting and effective
use of available resources. The cost will depend on the cost of vaccine and the coverage.
However, varigus achemes of immunizatioun and different immunizsation programmes for the elderly will
differ. Therefore, there is a need to perform an analysis of the cost effectiveness of recommended
immunization strategies in order te obtain the best results for the lowest cost (92), The cost of
immunization can be decreased by applying it to well defined high-risk groups and by combining
various health activities, using publi¢ informatien, communicatiens and other means to increase
community partieiparion and thus the coverage.

Begides cost=benefit analysis, dua artention must be paid to the assessment of health benefits
of immunization derived from disease prevention, elimination of sequelae and death, and improvement
of the qualicy of life.

Immunization against teranus, since the toxoid is inexpensive and very effective while the
disease is highly lethal and there is ne known immunity, is very cost effective and brings great
health henefits,

Immunization of the elderly against influenza and pneumonia, if applied to high-risk groups
taking inte considerstion the epidemiological patterns of these injections in spesific conmditions,
is also cost effective.

Immunizatien against hepatitis B, due te the high cest of presently available vaccine, may not
be the most cost-effective approach for control. However, siace the cost of the vaccine may be
expected to decreasse, it may prove highly cost effective in view of Ehe c¢chronie and incapacitating
effect of this illness including irs rele in the etioleogy of liver cancer.

Immunization of high~tisk groups of the elderly, such as tourisrs, againat typhoid is
justified and alse cost effective, in view of the low cost of the vaccine and the severity of the
+llness.

finge the strategy adopted for immunization of the elderly may differ from country to country,
the assessment of the cost of immunization should be calculated, taking i..to aceceount local
condicions and the epidemiolegical situation.

9, Conclusionsg
9.1 General

The problems of infectious diseases in the elderly and rhe need to develop and implement
immunization programmes relevant to thelr prevention are not widely recognized. At present, it is

pften difficult to reach the elderly and other risk groups ameng adults with any vaccination
programme. [t iz essenkial, therefore, te seek ways teo change attitudes by:
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{a) defining the reasons for the difficuley;
{(t) education of doctors, particularly geriatricians;
(¢) encouraging strong and consistent support from public health administrators;

(d) demomstrating convineingly that iafiuenza and pneumococcal preumonia are causing
significant axcess mortality;

(e} demonstrsting that this mortality can be influenced by vaccination; and
(£) developing strategies to reach the public appropriate for different
countries/populations, e.g. posteards to all target persons, newspaper, radie and television

reports/advertisements, and old people's health cliamies (comparable to chiic health clinics).

The cost effectiveness of vaccination in the elderly has received litrle attentioa, and
further research is needed to develep reliable and useful modaels,

9.2 Immunity in the elderly

Imuwune functions generally decline with age and imvelution of the thymus, s decrease in thymig
hormones and T-lymphocytes., Both cell-medisted and humoral-immune responsss are altered in the
elderly and the loss of immunocompetence is accompaniad and aggravated by chronic diseases and
infections, There is great variebility, however, in individual TeSpONEEs .

B-cell neoplasms, in partiecular, further undermine defence mechanisms in eldarly patients.

The use of cybogtatic or lmmunesuppressive drugs and radiotherapy for treatment of these and other
malignaneies tends to damage both specific and nonspecific defences, thereby further emhanciomg
susceptibility te infectien. Extensive surgery and anaeschesia also adversely affect immune
Functions and predispose to local and systemic infectioms which may lead to fatal sepricemia,

When immunocompetence is abolished by disesse or treatment, active immunization may be
ineffective, and passive protection with irmunoglobuling may be indicated. Immunoprophylaxis
should be considered in elderly patients prior to surgery.

9.3 Influenza

Mortality from influenza is recognized as highest in the older age groups. Groups at
particular risk include elderly persons who have such conditions as:

{a) acquired or congenital heart disease associated with pulmonary congestion;
(&) c¢hronic pulmonary disease associarted with compromised Tegpiratory fumegion;
(c) chroanic vensl disease, especially with azotemia;

(d) chronic metabolic disease, such as diabetes mellitus;

(e) immunodeficient or immunosuppressed conditions, including melignant tumours, leukemia,
gtc., under therapy:

(f) ehronic severe anaemias, such as sickle-cell disease; and
(g) persens living in nursing homes and similer institutiens.

These persons may galn greater benefirs from vaccination because they tend to experience move
severe illness and treatment costs for them are higher.

Although immunization remains che major publie health control messure against influenza,
prophylactic antiviral drugs (e.g. rimantadine) may have a role, particularly when influenza A
activity is suspected or detected in residenrial institutions for the elderly,

Relative excess merbidity frem all causes is the most reliable quantitative measure of
influenza epidemics. Relative excess mortality is a valuable means of defining those age groups
and other groups of the population at greatest risk of death from influenza.
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Further reseatch i3 required in the following areas:

{a) the more accurate definition of the incidenee and consequences of influenza in the
elderly through espidemioleogical aud serological surveys;

{b) cthe reiation between humoral and cell-mediated immunity and susceptibility to influenza
following natural infection or vaceinatrion;

{g¢) the efficacy of current vaccines in reducing mortality through large-scale field trials
in the general populatiom; and

(d) the development and assessment of more effective inactivated vacecines and of live
vaccines for the protection of the elderly.

9.4 Pneumococeal) infeccions

Pneumonia 1s a major cause of morbidity and mortality in rthe elderly in developed countries,
although the ineidence is variable in time and place.

Diagnostie diffieulties preclude precise definitions of the inecidence of pneumccoccal
preunonia in population studies. Existing evidence suggests that it is abour 3 per 1000 per annum

in persens aged 60 years and over., During influenza epidemics, secondary pneumococcal pneumonia is
common .

Case fatality rates in bacteremic pneumococcal pneuymonia treated with antibiories remain
gubstantisl, being in excess of 25% in persons over 60 years of age. The relativaly recent
appesrance of antibiotic-resistant pneumccocci, particularly penicillin-resistant straips, may
adversey affect the presemnt chemotherapeutic control of pneumococcsl disease.

Preumocoecal vaceine has been shown to be safe and to reducs the attack rate of pueumococcal
bacteremia and pneumonia in young adults, and studies in older populations sre congistent with
these findings. The specific polysaccharides incorpovatad in current 23-vglent vaccines include
the types responsible for approximately 90% of bacteremic infectioms,

Ethical, legistical and financisl considerations limit the possibilities Ffor further
randomized control trials on a scale sufficient to confirm vaccine efficacy in the elderly. Cohertr
and/or case controi studies offer feasible means of obtaining contributory evidence of vaccine
efficacy, *

Groups at special risk of fatal pneumococcal infection include elderly persons who have such
conditions as:

(a) acquired or congenital heart disease associated with pulmonary congestionj
(b) chroni¢ pulmonary disease associared with compromised respiratory function;
(e¢) chronic renal diseass, especially with azotemia;

{d}) chronic metabolic disease, such as diabetes mellitus;

{e) immunodefi¢ient or immunosuppressed conditions, including .;aligmant tumours, leukemia,
ete., under cherapy;

(£} chronic severe anaemias, such as sickla-call disease;
(g) asplania and splenic dysfunctiom;

{h) «chronie hepatic disease;

(i) chronie alecholism; and

(j? persons living in nursing homes and similar institurions.
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9.5 Tetanus

In virtually all developed countries, tetanus now has its largest incidence in older adulcs.
The incidence of tetanus is aot evenly distributed geographically, and most cases occur in Farmers,
gardeners, housewives and pensioners. Case fatality rates have increased, despite advances in
therapy, mainly because of the change in apge distribution. Active immunization with tetarus toxoid
with reinforcing doses art 10-year intervals provides reliable pratection against the diseass.

9.6 Hepatitig B

Hepatitis B vaccine has proven effective and without seriocus side effects in the newborn,
children and healthy young asdults. However, response rates are age dependent and, especially in
persons over 30 years of age, serological response rvates and anti-HB levals ars lowsr.

The immune response to hepatiris B wvaccine in patients on long-term maintenance haemodialysis,
who are considered te be immunosuppressed, is drastically reduced. MNo mote than 50-85% of
vaccinated patients show an antibody response, and anti-HE concentrations are generally low. In
older dialysis patients, the immune response is impaired, probably mainly by cthe immunesuppressive
effect of their disease as well as by age. More frequent injections may inecrease the response rate
in the immunosuppressed eldeyly.,

9.7 Typhoid
Typhaid incidence is low and declining in developed countries, and conditious do not justify
general immynization of the elderly population. Elderly persons visiting endemic areas are liable

to exposure to infeetion, and immunization may need to be considered im such persons.

10. Recommendations

10.1 General

WHO should encourage health authorities in Member States to develop and implement immunization
policies directed to prevalent preventable infections of the alderly.

Health autheorities in Member Staktes should promote educational programmes to increase
professional and public awareness of the danger of infection inm the glderly and to promote the use
of vaccines, particularly against tetanus, influenza snd pneumococcal infection and tetanus, &5 a
part of routine hezlth care for persons over 60 years of age.

10.2 Specific

Influenza

High prierity should be given to ensuring that elderly persons receive annual vacecination
pricor to rthe influenza epidemic season. Inactivated influenza vaccines containing antigens
representative of recently isolated strains are recommended for persons aver the age of 60 years,
particularly rthose in the high-risk groups listed above. Antiviral drug (e.g. rimantadine)
prophylaxis sheuld be counsidered as an additional control measure against outbreaks of influenza A
in institutiens fer the elderly, irrespective of previous influenza vaccination.

Research institutions should be encouraged to address urgently ecritical issues relaved to
vulnerability of the alderly to influenza.

Prneumggoccal infections

Polyvalent pneumococcal vaccine may be recommended in persons over the age of 60 years,
particularly in the high-risk groups listed above.

Tethnus

Immunizacion against tetanus must be offered to all older adults as part of routine health
care.
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HEEatitiS B

Paasive-active immunization ig recommended in haemodialysis units where HBsHg-positive
patients are treated,

Typhoid

Trmunization using an effective, non-raactogenic vaccine should be considered for elderly
persons visiting endemic aress.

Combined vacaines

Combined antigens should be develeped in order te simplify vaccination schedules and to adopt
the mast cost-effective stratezy for protection of elderly by immunization.
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