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Introduction
During the past 100 years the nature of immu-

nological memory has been widely debated, not
only by basic immunologists but also in the clini-
cal context and from a social and preventive, me-
dical point of view1–4. Vaccinations against clas-
sical childhood diseases, including polio, measles
etc., have been very successful, and poxvirus has
been successfully eradicated by general vaccina-
tions with vaccinia virus. Nevertheless, efficient
vaccines are still lacking against tuberculosis, lep-
rosy and most classical parasitic diseases, inclu-
ding malaria, leishmaniasis and shistosomiasis. Im-
portantly, vaccines are also lacking against HIV,
herpes simplex virus type I and II, against papil-
loma virus infections or against most tumors. In
addition, some vaccines, including measles and
mumps, are less efficient than others since re-in-
fections rarely may "break through".

Immunological memory
In immunological textbooks immunological

memory is usually explained as a special quality
of T or B cells that have acquired a new status of
"memory" when compared to naїve cells or effec-
tor cells. This status, which lies beyond increased
precursor frequencies, enables the system to re-
spond more quickly and therefore more efficient-
ly to a second exposure of a particular antigen or
an infectious agent5–8. The nature and the special
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qualities of this "memory status" are however still
incompletely understood. The alternative view is
that immunological memory is basically a low-lev-
el antigen-driven immune response, consequently
protection by immunological memory eventually
disappears without antigen. Of course, these two
views differ drastically and have important con-
sequences as to how vaccines function over time
against infectious agents (or tumors). Therefore it
should be important to distinguish between these
two alternatives.

On serotypes and the importance
of neutralizing B cell responses versus
helper or cytotoxic T cell responses
The highly repetitive paracrystalline identical

determinants on most infectious agents induce T-
independent B cells responses very efficiently by
maximal cross-linking of immunoglobuline recep-
tors on B cells. The importance of these highly ef-
ficient IgM B cell responses is to rapidly expand
neutralizing B cells during an early phase of the
infection. The many B cells offer sufficient targets
for T help that has in the meantime been induced
about by day 4 or 6 after infection via antigen-
presenting cells. They are therefore readily swit-
ched to IgG-producing plasma cells. This switch
is very important because IgM, due to its size,
cannot diffuse readily into solid tissues; in parti-
cular, only IgG may reach the central nervous
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system. In fact, the initial precursor frequency of
neutralizing antibody producing B cells against vi-
ruses is low in the order of 10-4 to 10-5. This low
frequency contrasts with the 10 to 100 times higher
frequency against viral internal antigens or the
100–1000 times greater initial frequency of B cells
specific for chemically defined small haptens9;10.

Both cytotoxic and helper T cells against sero-
type-defined virus groups are virtually complete-
ly shared between the various serotypes. The well
recognized lack of cross-protection between sero-
types (e.g. poliovirus I, I, III) under epidemiologi-
cal conditions clearly indicates that neutralizing
antibodies and not primed helper or cytotoxic T
cells are limiting protection11. Importantly, in the
examples of polio or influenza viruses, no cross-
protection by primed T help or cytotoxic T cell re-
sponses is observed in primed hosts despite the in-
creased precursor frequencies of memory T help-
er and memory cytotoxic T cells. This does not re-
ally come as a surprise except that serotypes have
been much forgotten during the past 20 or 30
years because of over-emphasis of T cell-media-
ted immune effector mechanisms. In fact, reliable
epidemiological evidence teaches that sufficient
neutralizing titers against acute infectious agents
correlate with efficient levels of protection. Of
course, this does not mean that non-neutralizing
antibodies are not useful parameters to monitor
the infection history of a patient; they are more
easily measured by ELISA. Also, because neutra-
lizing titers often correlate with ELISA titers (but
not always, e.g. against non- or poorly cytopath-
ic infections such as HBV, HCV, HIV, LCMV,
TB) one gets away with this inadequate measure.

While most would agree that sufficient neutra-
lizing antibody titers are a reliable measure for pro-
tection against infection with cytopathic agents,
such serological parameters are not readily avai-
lable for measuring protection against non-cyto-
pathic persistent agents where T cell immunity is
also of key importance. However, as stated earli-
er, because these agents are poorly or non-cyto-
pathic, evolutionary pressure is low, except for
the paradoxical pressures exerted by unbalanced
immune T cell responses resulting in immunopa-
thology12–14.

Why should immunological memory
be necessary?
Immunological memory describes the fact that

humans infected once with measles-, pox- or po-
lio viruses are subsequently resistant against dis-
ease caused by re-infections. While immunologi-
cal memory has been a subject of many years of
immunological inquiry and experimentation, it has
been only rarely analyzed from an evolutionary
point of view. Cytopathic infections usually kill
immunological low responders rapidly whereas
high responders tend to survive. Immunological

memory cannot improve these overall conditions
in general, except if vaccines had been foreseen
by evolution, but this is of course not the case, at
least as we understand conventional vaccines to-
day. Nevertheless, prevention of infection or at-
tenuation of infection during critical embryonal
and fetal phases and after birth is the co-evolu-
tionary key to understand immunity and immu-
nological memory15;16. During these periods of
physiological immuno-incompetence "immunolo-
gical memory" is essential for the survival of the
species as will be pointed out below. Here it suf-
fices to "over"-state the case that, if a naive host
survives a first infection, this host basically does
not need immunological memory to survive the
second infection. Vice versa, if a host does not sur-
vive the first infection, he certainly does not need
immunological memory thereafter.

Immunological memory by neutralizing anti-
bodies. A crucial question therefore is: during
which period during a higher vertebrate’s life is
the host immunologically unprotected against in-
fections and how can protection be provided to the
host from the outside during this critical period?
As pointed out above, during the phase before and
right after birth, there is an absolute need for pas-
sively acquired immunoprotection, because off-
spring are immuno-incompetent. This may be best
explained as a consequence of MHC-restriction of
T cell recognition requiring MHC-polymorphism.
To avoid easy selection of viral mutants evading
MHC-restricted T cell recognition, MHC-poly-
morphism developed during phylogeny and endan-
gered maternal fetal relationships in ontogeny.
This inherent danger of graft versus host- or host
versus graft reactions between mother and off-
spring is avoided by lack of MHC antigen expres-
sion in the placental contact areas, by general im-
munosuppression of the mother, and by virtually
complete immunodeficiency of offspring up till
birth. Immunological experience that can be adop-
tively transferred from mother to offspring there-
fore is an absolute requirement to overcome infec-
tious diseases in utero and during the first few
weeks and months after birth, a period needed for
full maturation of the new-born’s immune system.
Therefore, protective antibodies that exist at suf-
ficient levels in the serum of the mother are pas-
sively transmissible soluble forms of an immuno-
logical antibody-memory, essential for the protec-
tion of offspring during the period needed for the
development of T cell competence and the capa-
city of the offspring to generate T help-dependent
IgG protective neutralizing antibody responses.
This result of co-evolution would have rendered
highly unlikely development of cytopathic agents
that could not be controlled sufficiently by adop-
tively transferred antibodies during this critical
time. From this point of view one may postulate
that without already existent — or in parallel de-
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veloping — soluble transmissible immune protec-
tion by antibodies, both MHC-polymorphism and
MHC-restricted T cell recognition could not have
developed phylogenetically4;16.

Impressive examples illustrating the great im-
portance of adoptively transferable immunologi-
cal experience by antibodies from mother to the
immuno-incompetent offspring are agamma-glob-
ulinimia or severe combined immunodeficiency in
humans, in mice or in newborn calves. Infants, in-
capable of generating their own immunoglobulins,
will be protected by maternal antibodies for the
first 3–6 months after birth, because antibody is
transferred via placenta (but not via milk to se-
rum but obviously human milk antibodies are ac-
tive within the gut). In contrast to humans and
mice, calves are born without serum immunoglo-
bulins, because maternal immunoglobulin cannot
pass through the completely double-layered pla-
centa. Calves can and must take up via gut co-
lostral maternal immunoglobulins during the first
18 hours after birth. During this short time peri-
od, gut epithelia transport immunoglobulin to the
blood. If this does not happen, calves will remain
without maternal protective antibody and die of
various infections during the next few weeks, be-
cause their own yet immature immune system can-
not act quickly enough to mount effective protec-
tive immune responses15.

The key question then is: how can sufficient
protective antibody levels be maintained in serum
and milk of mothers to provide protection for off-
spring? Protective antibody levels cannot be gen-
erated during the 270 days of a human or the 20
days of a mouse-pregnancy respectively to cover
all relevant infectious diseases threatening survival
of the embryo and of the newborn. In fact, infec-
tions during pregnancy must be avoided. Many
acute cytopathic but also poorly cytopathic infec-
tions during pregnancy will cause abortion or de-
velopmental abnormalities. Therefore, by co-evo-
lutionary necessity, all life-threatening acute in-
fections must be survived by mothers before pu-
berty. Therefore, the so-called childhood diseases
represent the co-evolutionarily-balanced infectious
disease experience before procreation, and immu-
nological memory represents accumulated immu-
nological experience and protection before preg-
nancy. This proposal includes additional benefits
of an improved immune system during adult live,
including herd-immunity, as will be pointed out
below; nevertheless, one can only die once in real
life, and that is during the early period after birth.
The important aspect of immunological memory
transmissible from mother to offspring is further
indicated by an important hormonal regulation of
antibody responses in that oestrogens and proges-
terones improve overall antibody-responsiveness
in females compared to males. This, as a conse-
quence, correlates with the 5:1 higher ratio of au-

toantibody-dependent autoimmune diseases suf-
fered by females compared to males.

Of course the differences between males and
females in maintaining memory antibody titers are
relative and indicate additional, though less early
and less directly life-limiting roles of immunolog-
ical memory: it not only increases individual fit-
ness, but importantly contributes crucially to herd-
immunity. Herd-immunity describes the equilibri-
um at the population and species level between
susceptible and immune individuals; it depends on
the infectious agent (acute or persistent) but also
on the level of immunity (neutralizing antibody tit-
ers or/and activated T cells) and on the popula-
tion density but also on animal reservoirs (e.g. oth-
er vertebrates, but also insects).

On cellular immunity

What then is the role of cell-mediated immune
protection and of protective T cell mediated mem-
ory? Many experiments in mice have demonstrat-
ed that adoptively transferred CD8+ T cells pro-
tect against acute infections with non-cytopathic
viruses. Under very defined conditions such exper-
iments have also been done successfully against
cytopathic viruses including influenza virus. But
as stated earlier, the fact is that humans or mice
are not efficiently protected against distinct sero-
types of viruses despite shared CD8+ and CD4+
T cell specificities. This strongly indicates that such
T cell responses can not cross-protect. If T cells
are however acutely activated, they can exhibit
a protective phenotype during the period of acti-
vation; for CD8+ T cells, specific for acute cyto-
pathic virus such as rhabdo or influenza virus, this
period lasts only for about 3 weeks. Experience
with many infectious diseases, including tubercu-
losis, leprosy or HIV nevertheless demonstrates
that T cell memory provides efficient protection
against re-infection. Importantly however, this
protection is relevant for the host and the popu-
lation (and not directly for the offspring). The in-
fections controlled crucially by T cells are large-
ly non-cytopathic and slow in nature with a ten-
dency to persist. These infections will not kill the
host rapidly but rather tend to establish a balanced
state of infection-immunity, i.e. survival of low
numbers of infectious agents, usually in granulo-
mata within the host, balanced and controlled by
an active ongoing T cell-mediated immune re-
sponse13;17;18. Thus, T cell-mediated immune protec-
tion and T cell memory are directly relevant for the
infected host. There is a third interesting and reveal-
ing category of infectious agents besides the acutely
cytopathic ones or the poorly or noncytopathic per-
sistent infections, this third group comprises the
variably pathogenic ones exemplified best by her-
pes viruses. Herpes viruses and alike induce both
humoral and cellular immunity. Because they are
variably causing limited i.e. usually non-life-threat-
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ening infections, their immunological handling
leaves a lot of leeway for the infection to get
through and establish normally local non-life-
threatening and limited persistent infections.

Non-cytopathic agents such as HBV, HCV or
possibly HIV are transmitted before or at birth via
maternal blood16. Because the offspring are immu-
no-incompetent and because obviously maternal
immune defenses against these agents have failed,
virus are best transmitted during this period of time
without endangering survival neither of offspring
nor of the host species. Some of the persistent non-
cytopathic infections may eventually cause seri-
ous disease in the host, such as primary liver car-
cinomas by HBV infections or perhaps some chro-
nic autoimmune diseases or chronic immunopa-
thologies, but these consequences of chronic per-
sistent infections usually show up much later than
needed for the species to procreate and survive.

Maintenance of immunological memory
As pointed out, sufficiently high neutralizing

protecting antibody titers primarily in mothers but
for herd-immunity also in sufficient individuals are
essential to guarantee survival of offspring and of
the species. Such maintenance of high neutraliz-
ing antibody titers may be achieved via:

1) Re-exposure to the antigen from external
sources, e.g. poliovirus infections. Nowadays re-
exposure is via the Sabin vaccines spread within
the household or via public swimming pools, in
former times via periodic subclinical reinfections
starting early in life under the umbrella of mater-
nal antibodies (see below).

2) Re-exposure from antigen sources within
the host. This mechanism is probably a key to un-
derstand measles virus immunity. Measles virus
persists in the host not as replication-competent
virus but as crippled virus usually missing a func-
tional matrix protein. The fact that about 1:1000
to 1:3000 wild type measles-infected children de-
velop subsclerosing panencephalitis (SSPE) is just
the tip of the iceberg. This disease correlates with
persistence of virus in central nervous tissue. This
persisting measles virus is crippled because the
matrix protein is defective by mutation. Similar-
ly, HBV virus in men or LCMV virus in mice19

persists at very low levels and boosts immune re-
sponses of T and B cells repeatedly.

3) Antibody-antigen complexes on follicular
dendritic cells are maintained for long periods of
time and boost both antigen-specific B cells as well
as T helper cells. Since cross-priming and cross-
processing of inert antigens can only exception-
ally access the MHC-class I in APC these anti-
gen depots are in general neither capable of main-
taining CD8 T cell memory, but importantly are
also not reduced or eliminated by CTLs20.

In absence of antigen-boosts antibody respons-
es will eventually dwindle, this includes neutral-

izing antibody responses against tetanus toxin or
diphtheria toxin or polio vaccines; this clearly in-
dicates that long-lived plasma cells alone cannot
be responsible for maintenance of protective an-
tibody memory.

Vaccines
Vaccines represent the greatest successes of

medicine. Interestingly, all working vaccines pro-
tect hosts via neutralizing antibodies. This includes
the classical childhood vaccines against bacterial
toxins, measles, polio and pox. The important as-
pect here is that vaccines in general do not pre-
vent re-infection but reduce infections so as to pre-
vent disease. Thus sterile protection is probably
not or very rarely achieved with any of these vac-
cines. Overall, these clinical experiences illustrate
first that T cell-mediated memory is short-lived
and depends on ongoing infection, and second,
that neutralizing antibody memory preventing he-
matogenic spread of the same virus is long-lived
and is maintained for long time periods by any of
the mechanisms discussed above.

Protective vaccines
All vaccines that work and provide proven pro-

tection both for the individual as well as the pop-
ulation are vaccines that induce at least neutral-
izing antibody responses of relatively long dura-
tion3;21. Vaccines that do not work include long-
term protection by vaccinations against tubercu-
losis, leprosy, most classical parasite infections,
but also against some viral infections, including
herpes papilloma and HI virus. All these infections
have in common that neutralizing antibodies alone
are not sufficient to eliminate or control the virus.
But as pointed out above, these infections are by
themselves either poorly or non-cytopathic (HIV,
leprosy, etc.) or usually not efficiently lethal for
the host species (e.g. herpes viruses). All these
agents need both antibodies and T cell mediated
effector-mechanisms for their efficient control, and
importantly, this T cell mediated protection usu-
ally depends also on constantly activated effector
T cells to control further spread and expansion of
the infection. While CD4 T cell memory may be
maintained by inert non-replicating antigen that
may be stored as immune complexes on follicular
dendritic cells or in granulomas (if the antigen is
poorly digestible and/or mixed with lipids), cyto-
toxic protective T cell memory is dependent on
persistent infection. As stated above, the reason
simply is that the class I-pathway of peptide load-
ing generally depends on intracellular generation
of peptides. The few experimental exceptions to
this rule cannot reverse this fact. In a few rare ex-
ceptions class I MHC-loading may also be achi-
eved from the outside of a cell, particularly in vit-
ro. This has been shown convincingly for great
amounts of ovalbumin in model situations in mice.
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Cytotoxic T cells have the key function of control-
ling non-cytopathic virus causing extra lympha-
tic infections in peripheral solid organs. Although
protective during the period of acute infection,
they may also be detrimental because of immu-
no-pathological destruction or otherwise innocu-
ously infected host cells. Therefore, excessive cy-
totoxic T cell responses against too many non-lyti-
cally infected target cells of the host causes dise-
ase and therefore should be avoided. This delicate
balance between immunoprotection and immuno-
pathology is well illustrated in the various pheno-
types of HBV infection-caused disease; in appa-
rent (low virus, very efficient immune response)
or apparent infection with rapid recovery within
a few weeks, acute or chronic, aggressive hepati-
tis (high virus and variable, quick or slow T cell
responses) caused by immunopathology in about
1 to 2 percent of HBV-infected patients and estab-
lishment of a clinically in apparent virus carrier
state in very few (much virus, little or no T cell
response). As stated above, in contrast to serum
antibodies, primed cytotoxic T cells cannot be
transmitted to offspring because of the usual
transplantation antigen differences between moth-
er and offspring. Therefore, primed cytotoxic T
cell responses primarily function to prevent virus
spread within the same host; an efficient early re-
sponse limits or prevents immunopathological dis-
ease. If virus is controlled down to low levels, no
chronic disease develops, or only late. If, howev-
er, virus has spread — or spreads again — wide-
ly, severe auto-aggressive disease may develop. A
similar balance exists in leprosy or TB infections.
In all these examples nobody would argue against
the obvious fact that low-level infection maintains
protective immunity. Mackaness coined the term
"infection-immunity" or "infectious immunity" to
describe this important co-evolutionary equilibri-
um. Interestingly, most of these chronic infection-
immunity states are accompanied by a heightened
degree of macrophage-activation via interleukins
(e.g. interferong and TNF) and probably activate
natural killer cells. Such an increased activation
status enhances basic non-specific initial handling
of low-level infections. Such a state of concomi-
tant non-specific infection-immunity is not only
beneficial to control the specific infection but may
also contribute considerably to improved basic or
"natural" host resistance. Therefore these kinds of
chronic low level infections may represent an ex-
quisite evolutionary balance of mutual benefit be-
tween vertebrate hosts and infectious agents.

From all this we conclude that immunological
memory represents not necessarily special char-
acteristics of lymphocytes but rather reflects co-
evolutionary balances, where low-level respons-
es driven by antigen that is either stored as im-
mune complexes on follicular dendritic cells or is
re-encountered from persistent localized infections,

such as granulomas or few infected cells in periph-
eral solid organs (CNS, kidney, lung) or from in-
fections from the outside. While antibody memo-
ry is of key-importance to transfer protection to
the immuno-incompetent offspring, T cell memo-
ry (often combined with antibodies) is important
to control persistent infections within the individ-
ual host. Those vaccines that imitate this co-evo-
lutionary situation of acute cytopathic agents and
induce neutralizing antibodies have been very suc-
cessful so far. Those vaccines that aim at provid-
ing T cell-mediated memory and protection have
not been satisfactory because these vaccines have
not been able to imitate the key-characteristics of
infection-immunity; they are usually not persist-
ent at clinically in apparent low levels of infection
within hosts to constantly activate protective ef-
fector T cells.

Vaccines that we do not have

Therefore, what we need is a long-term active
vaccine that persists without causing disease
against TB or leprosy, or that can provide cell-
mediated protection against HIV or HCV. Vac-
cines should guarantee periodical or constant gen-
eration of MHC class I-presented peptides in sec-
ondary lymphoid tissues to activate CD8+ T cells.
Attempts to achieve this with so-called attenuat-
ed vaccine strains have either only offered time-
limited protection, such as BCG for a few years
in small children, or has not been successful so far
for leprosy, HCV or HIV infections.

Conclusion

Protection generated by vaccines is a great suc-
cess of medicine. Vaccinations have prevented
more deaths than possibly any other active medi-
cal measure taken so far. Because immunological
memory is a result of a highly equilibrated co-ev-
olution of infectious agents and the vertebrate im-
mune system, immune protection and successful
vaccines cannot be regarded in splendid isolation
of academic immunology. Immunity is about pro-
tection against infection within an evolutionary
context. This is particularly important during the
early phases of life, because the immune system
of higher vertebrates is immature due to MHC-
restricted T cell recognition. Successful vaccines
are those that can imitate generation of neutral-
izing antibody responses against acutely cytopath-
ic agents against which they seem to be the only
limiting factor. In contrast, cell mediated immu-
nity against infections that persist in the host are
much more difficult to imitate, because the balance
between attenuation on one side and, on the oth-
er side, persistence versus persistence of the infec-
tion to provide constant stimulation of protective
effector T cell responses has not been achieved so
far to a level of perfection, achieved by million
years of co-evolution of host and infectious agents
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that tend to persist. Similar problems are exhibit-
ed by classical parasites, which in their co-evolu-
tion over time have come to innumerable sophis-
ticated host-infectious agents balances that will be
considerably more difficult to imitate or beat even
compared to TB, leprosy or poorly cytopathic vi-
ruses, such as HIV. But the aim should be to de-
velop strategies that aim at exactly that perfec-
tion of low-level persisting infections, exemplified
by TB, HIV, HCV, HBV and of most classical
parasitic infections. While, this may not be easy,
development of DNA-types of vaccines hopeful-
ly may bring us closer to such a goal.

REFERENCE LIST

1. Mims, C. A. Pathogenesis of infectious disease. Academic
Press, London.

Ref ID: MIMS1987

2. Nossal, G. J. V. 1998. Vaccines. In Fundamental Immu-
nology. W. E. Paul, ed. Lippincott-Raven, New York, pp.
1387-1425.

Ref ID: NOSSAL1998
3. Ada, G. 2000. HIV and pandemic influenza virus: two

great infectious disease challenges. Virology 268:227-230.
Ref ID: ADA2000

4. Zinkernagel, R. M. 1996. Immunology taught by viru-
ses. Science 271:173-178.

Ref ID: ZINKERNAGEL1996
5. Gray, D. 1993. Immunological memory. Annu. Rev. Im-

munol. 11:49-77.
Ref ID: GRAY1993

6. Mackay, C. R. 1993. Immunological memory. Adv.
Immunol. 53:217-65:217-265.

Ref ID: MACKAY1993
7. Ahmed, R. and D. Gray. 1996. Immunological memory

and protective immunity: understanding their relation. Sci-
ence 272:54-60.

Ref ID: AHMED1996

8. Zinkernagel, R. M., M. F. Bachmann, T. M. Kьndig, S.
Oehen, H. P. Pircher, and H. Hengartner. 1996. On immuno-
logical memory. Annu. Rev. Immunol. 14:333-367.

Ref ID: ZINKERNAGEL1996A
9. Charan, S. and R. M. Zinkernagel. 1986. Antibody me-

diated suppression of secondary IgM response in nude mice
against vesicular stomatitis virus. J. Immunol. 136:3057-3061.

Ref ID: CHARAN1986

10. Bachmann, M. F. and R. M. Zinkernagel. 1997. Neut-
ralizing antiviral B cell responses. Annu. Rev. Immunol.
15:235-70:235-270.

Ref ID: BACHMANN1997A

11. Nathanson, N. 1990. Epidemiology. In Virology. B.
N. Fields and D. M. Knipe, eds. Raven Press, New York, pp.
267-291.

Ref ID: NATHANSON1990

12. Bloom, B. and R. Ahmed. 1998. Immunity to infection.
Curr. Opin. Immunol. 10:419-421.

Ref ID: BLOOM1998

13. Kaufmann, S. H. E. 1993. Immunity to intracellular
bacteria. Annu. Rev. Immunol. 11:129-163.

Ref ID: KAUFMANN1993

14. Chisari, F. V. and C. Ferrari. 1995. Hepatitis B virus
immunopathogenesis. Annu. Rev. Immunol. 13:29-60.

Ref ID: CHISARI1995

15. Brambell, R. W. R. 1970. The transmission of immu-
nity from mother to young. North Holland Publ. Corp., Am-
sterdam.

Ref ID: BRAMBELL1970

16. Zinkernagel, R. M., O. Planz, S. Ehl, M. Battegay, B.
Odermatt, P. Klenerman, and H. Hengartner. 1999. General
and specific immunosuppression caused by antiviral T-cell
responses. Immunol Rev 168:305-315.

Ref ID: ZINKERNAGEL1999

17. Mackaness, G. B. 1964. The immunological basis of
aquired cellular resistance. J. Exp. Med. 120:105-120.

Ref ID: MACKANESS1964

18. McGregor, D. D. 1966. Studies by thoracic duct drai-
nage of the functions and potentialities of the lymphocyte.
Fed.Proc. 25:1713-1719.

Ref ID: MCGREGOR1966

19. Ciurea, A., P. Klenerman, L. Hunziker, E. Horvath,
B. Odermatt, A. F. Ochsenbein, H. Hengartner, and R. M. Zin-
kernagel. 1999. Persistence of lymphocytic choriomeningitis
virus at very low levels in immune mice. Proc. Natl. Acad.
Sci. U.S.A. 96:11964-11969.

Ref ID: CIUREA1999

20. Tew, J. G., M. H. Kosco, G. F. Burton, and A. K. Sza-
kal. 1990. Follicular dendritic cells as accessory cells. Immunol.
Rev 117:185-211:185-211.

Ref ID: TEW1990

21. Nossal, G. J. V. 1999. Vaccines. William E. Paul, Lip-
pincott-Raven, Philadelphia, pp. 1387-1425.

Ref ID: NOSSAL1999




