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Abstract

Whether to treat fever in the elderly, is a question that has not yet been answered. This review examines the available
evidence so far, to arrive at a comprehensive picture about this question. Aged population are a special category due to their
lower basal body temperature, blunted fever response and existing co morbidities. The aging immune system undergoes
many changes in all its faculties, which alters its ability to mount an efficient acute inflammatory response. In such a
scenario, fever is mostly absent and there is a need to revise the fever criteria in the elderly. Having said that, the most
successfully aging, centenarians, mount efficient febrile response during infections, indicating that aging itself may not be
the reason for the reduced febrile response. Holistic medicine, such as homeopathy, views the fever scenario differently and
advocates interference only when the immune system is helpless. The ‘levels of health theory’ explains that the healthiest
benefit from fever while those with reduced immunity suffer from it. This theory may prove to be an invaluable clinical tool
to arrive at definite clinical guidelines concerning the treatment of fever, especially in the elderly. However, it requires
scientific investigation before it can be used as a clinical tool.

There is no conclusive evidence on whether fever must be treated or not in the elderly and whether holistic medicine may
have a solution to this dilemma. This is a research gap that needs to be filled with quality studies in the current health
scenario.
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INTRODUCTION

Evolutionary mechanisms were not designed for
longevity and yet, the world is aging today. The
need to understand the aging immune system is
more relevant than ever before in history. Fever in
the elderly requires special consideration because of
the inflammaging and immunosenescence that occur
with age. This review examines the literature
available regarding the special scenario of fever in
the elderly in the context of acute inflammatory
response and its modification with changes in the
aging immune system.

ACUTE INFLAMMATION AND FEVER

The acute inflammatory response (AIR) was
developed and maintained through evolution as a

defence mechanism against injury and infection.
Galen considered it an essential process in healing,
whereas Virchow identified it as a pathological
process, that may be detrimental.? Immunology has
come a long way since then and today we know the
truth to be lying somewhere in between these two
extremes. For example, it is known that AIR is
essential for dealing with infecting pathogens
effectively but, when it continues beyond necessary
or when the response is stronger than required, it is
detrimental to the organism.?

One of the cardinal features of AIR is fever.! Fever
is defined as regulated elevation of core temperature
achieved through the integrated behavioural,
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physiological and biochemical processes that
determine the balance between heat generation and
elimination.* Heat seeking behaviour appeared 600
million years ago, even before the advent of
adaptive immunity. Evolution has developed and
maintained fever as a means to mount defence
response during tissue injury and conserved it
despite the heavy metabolic cost, implying a
survival advantage from fever.®

With breach in tissue integrity by pathogens, the
resident immune cells, recognize the foreign
antigen, engulf it, and release pro inflammatory
cytokines. IL1, in humans, is a pyrogenic cytokine
that stimulates the conversion of arachidonic acid
into prostaglandins. Prostaglandin E2 (PGE2), thus
produced, acts upon the preoptic area of the
hypothalamus through EP3 receptors to generate
fever, which has manifold roles to play during AIR.®
It acts as a systemic alarm whereby all the
components of the immune system are primed for
inflammation and neutralization of the pathogen.” -
10

FEVER — THE YAY AND THE NAY

To begin with, febrile temperature was found to be
detrimental to most pathogens and immune cells
such as macrophages require febrile range
temperature for efficient functioning.'**? Both the
innate and adaptive immune systems of most
organisms are programmed to respond with
defensive functions at febrile range temperatures.t®
Increased recruitment of lymphocytes to the site of
injury or infection occurs and the fever range
thermal stress also acts on distinct cell types and
regulates the adhesion cascade, necessary for
lymphocytes to reach the site of infection. The
‘lymphocyte — high endothelial venules - IL6’ axis
is responsive to thermal element of fever and
improves immune surveillance in secondary
lymphoid organs.® The lymphocytes neutralize the
pathogens through aerobic and anaerobic killing,
thus completing the task.?

Many studies have shown the benefit of survival
from fever in an infected host.? Pathogen clearance
is enhanced by fever and hindering fever during
infections with antipyretic drugs has been shown to
increase mortality in a trial.**'* Many researchers
have used fever induction as a therapy for cancer
and it has been observed, albeit not definitively, that
children with autism improved considerably in their
behaviour during a fever.>>1¢

Evidence suggests that the most important sequel to
inflammation, viz. resolution of inflammation
requires an efficient acute inflammatory response to
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be activated.!” Studies in the last two decades have
shown that the return of the tissue environment and
the immune system to the normal state is an active
process and does not passively result from removal
of the pathogen.®'® If this fails, the tissue
environment fails to return to its normal state as the
pro inflammatory factors remain in the tissue
environment, leading to the activation of chronic
inflammatory ~ phenomenon.??!  The  acute
inflammatory  response itself has various
checkpoints that it must pass through for the
downstream resolution to be stimulated.}”?* For
example, PGE2, a proinflammatory cytokine,
responsible for fever generation as stated, after the
neutralization of bacteria, turns anti-inflammatory
and signals for the phagocytosis of apoptotic
neutrophils and their efferocytosis from the tissue
environment. This ensures onset of the resolution.?
In addition, febrile temperature of >38°C inhibits
further production of pro inflammatory cytokines
but not anti-inflammatory cytokines, ensuring
smooth resolution and return of homeostasis.?
Many theories have proposed that interfering with
the acute inflammatory process may result in the
activation of chronic inflammatory diseases, which
may contribute to the increasing trend of non-
communicable diseases today.?>*” The Immune
system is constantly reorganizing itself to identify
optimal functioning points.®®2 When its efforts are
thwarted by drugs, its response is subnormal, which
may increase the inflammatory stimulus and in a
deeper tissue than otherwise would have occurred.?
This may lead to chronic inflammation in the
deeper/more vital organ systems.

Despite evidence of fever as a beneficial
phenomenon, there is widespread practice of
suppressing fevers. 2932 However, while
exaggerated, or sometimes misplaced due to
anxiety, putative damage from fever does exist.3334
Fever causes heavy metabolic burden and may
cause death in people with compromised
cardiorespiratory  reserve such as the frail
elderly.331%3 In children, it is known to cause
febrile convulsions and behavioural alterations.
Organ damage due to cell death and protein
synthesis impairment is a real danger in high
fevers.3’*® Even though pathogen load decreased,
febrile mice could still die from high fevers and
fever in post-operative scenario was fatal.*>3* In
many conditions of decreased cardiorespiratory
respiratory reserve, such as cardiac arrest and
ischemic stroke, therapeutic hypothermia is
practiced to avert major organ damage.*®*! In fact,
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in many situations, naturally occurring hypothermia
was observed during infections which seemed to
confer a survival advantage.*?

Such opposing and equally strong evidence for and
against fever behoves immunologists to investigate
this further. Bhavani et al., have shown that fever
patterns are not uniform in sepsis, and each pattern
has a different outcome. The basic state of the
individual seems to have a great bearing on the
temperature developed, the effect on pathogen and
on the host.*® Therefore, many researchers believe
that fever must be considered in each individual
case before deciding the therapy.*** The benefit
seems to lie in a balance between pathogen
clearance and tissue injury.*
IMMUNOSENESCENCE

The evolutionary theory of aging posits that
evolution never really programmed for longevity. Its
focus was on the continuity and survival of the
species.*” Therefore, many adaptive genes selected
for optimal functioning and defence such as acute
inflammatory response with high metabolic cost are
required for the preservation of the individual until
the reproductive age.® Post reproductive age, the
same genes turn maladaptive and aging sets in as a
chronic  inflammatory  process, termed as
antagonistic pleiotropy.“®*° This implies a regulated
progressive decline of the organism. However,
immunological studies have shown that it may not
be as simplistic as that.®® There are many other
theories that propose different factors as
instrumental in aging. For example, the network
theory, considers the aging process to be controlled
by various defence functions and their influence on
the organism.?®%° Each organism is subject to
various stressors, physical, chemical, biological, and
radiational. The network of defence against these
stressors in an organism includes antioxidants (e.g.,
superoxide dismutase), heat shock proteins, Poly
ADP Ribosyl Polymerase (PARP), DNA repair
enzymes and other stress proteins. Genes that
regulate these factors are stimulated by stress and
the organism copes with stress. These stresses are
beneficial to the organism at low levels and
maintain the immune system in shape (hormetic
effect). However, when they become overwhelming,
they have a detrimental effect.?® When the organism
is unable to cope, macrophage activation occurs,
resulting in a subclinical chronic inflammatory state.
The theory further suggests that the outcome of
longevity is a balance between the hormetic and
detrimental effects of stress. Better coping
capability implies increased longevity as seen in
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centenarians.?® Chronic inflammation itself may not
be responsible for frailty or decreased life span as it
is present in both healthy and the diseased elderly.
However, the ability to cope with pro-inflammatory
status may make all the difference. There is a
genetic component that decides the capacity to cope
with stress. The theory suggests there are two such
genetic factors involved — one that is responsible for
inflammatory response — adding up over time and
the second that confers robustness or frailty. This
implies a combination of high inflammatory status
and frailty gene will result in unsuccessful aging.
Other theories of aging consider metabolic activity
itself as responsible for aging - Effect of
accumulation of cellular debris and telomere
shortening over the vyears. Similarly, cellular
oxidation products accumulating in the cells with
increased reactive oxygen species are responsible
for aging.28:50:51

They all seem to consider facets of a complex
phenomenon and it appears that all of them are
probable. A common thread running through all
these theories is the existence of chronic
inflammation in the process — a cause, or result of
aging, known as inflammaging.284°505254 This is
evidenced by changes in the immune system that is
seen commonly in the elderly.*#%5% There is a
global reduction in the activity of the innate,
cellular, and humoral immunity.  All elderly,
whether healthy or with the disease, demonstrate
increased IL6 — an indicator of inflammation.
Thymic involution with age implies a decrease in
lymphocytes.®>” Lymphocytes are reduced in number
and changed in composition so that naive T cells are
lacking but activated T cells are increased in
proportion in the elderly.®® Cytokine production is
predominantly Th2, and there is an increased
expression of Cellular Adhesion Molecules
(CAM).%9%55%6  Almost all immunoglobulins are
expressed more in the elderly (except 1G4) and so
are non-organ-specific autoantibodies, while organ-
specific  autoantibodies are  decreased. B
lymphocytes, Natural Killer cells, and tissue-
resident macrophages are decreased. Somatic cells
reach a cell proliferation exhaustion, and
lymphocytes cannot undergo clonal expansion
during a pathogen challenge.>?%°

These changes are relevant clinically as the elderly
are shown to be more susceptible to infections with
a lack of optimal response leading to serious
complications of infections and increased mortality.
This is especially so with novel pathogens. While
the elderly maintain a good defence against known
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pathogens, the inability for clonal expansion of T
cells translates to subnormal defence to novel
pathogens. Other factors such as predominant Th2
response and lack of febrile response also contribute
to the severity of infections. The existence of
comorbidities in the aged is associated with an
increased risk of infections.®® However, it was
demonstrated through studies in centenarians that
the process of aging is not uniform. Those with a
better genetic endowment, the centenarians, and
their  offspring, showed  better  adaptive
capability.?%8

FEVER IN THE ELDERLY

Body temperature in the elderly also adapts to the
changed need according to the above-mentioned
changes in the immune system. Basal body
temperature, like the basal metabolic rate, is lower
in the elderly.® This has been shown to confer
survival advantage from the decrease in metabolic
demand.®® While successful aging is associated with
adaptive hypothermia, it renders detecting infections
in the aged difficult, as the body does not readily
raise the temperature to the established febrile
range. With every decade increase in age, a
temperature drop of 0.15°C was observed during the
first 3 days of infections, emphasizing the lack of
robust febrile response and the danger of missing a
diagnosis in the elderly.5®%%1 Many researchers
have recommended a reduction of febrile range for
the elderly to avoid missing an infection in
diagnosis.®? Most elderly seem to have a basal body
temperature of <98.6°F. Fever criteria for the
elderly, therefore, have been recommended to be:
even a single temperature reading of >2°F above
baseline or oral temperature of >99°F or rectal
temperature of >99.5°F.%

Fever seems to be ambivalent in its effect on this
age group. While many studies have shown the
increased mortality from high fever, due to the extra
cardiopulmonary stress and metabolic demand,
many studies have also shown increased mortality
from lack of fever, especially in septic patients.
Ahkee et al. showed that lack of fever and
leucocytosis, both characteristics of efficient AIR,
was associated with increased mortality in
community-acquired pneumonia scenarios in the
elderly 3163648566 |n the latest COVID 19 pandemic,
the clinical presentation of severe dyspnoea and
tachypnoea in the elderly was associated with
decreased survival while those who presented with
fever and headache, tended to survive.®* While it is
true that there have not been definitive studies to
investigate the effect of fever in this age group, the
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elderly have been a majority population in many
studies investigating the effect of fever.5768
Schulman et al. endeavoured to study the effect of
reducing temperature with drugs in septic patients
and had to abort their study due to the unacceptably
high mortality in the treatment group when
compared to those who were not treated for fever.'4
However, epidemiological studies of dengue have
demonstrated that the elderly are more prone to
develop severe dengue fever and dengue shock
syndrome although, they did not present with the
classical signs of dengue fever as described by the
WHO for diagnosis, including fever.%8%° Most of the
elderly did not develop a high fever during
infections but presented with discomfort or altered
sensorium.%® Over 60% of infected elderly did not
mount a fever in response to even severe infections.
Such blunted fever response was shown to be
associated with increased mortality.5%6°
Hypothermia, a defence response to infection seems
to confer a survival advantage in some elderly while
being associated with increased mortality in
others.*?7®  While therapeutic hypothermia is
practiced®®*! in ischemic stroke and myocardial
infarction, in the infections scenario, there is
ambiguity over the benefit/damage from
fever.40,41,31,33-35,42,70-75

Antipyresis is practiced due to fear in the general
population regarding harm from fever. While known
to reduce discomfort in the febrile patient, the effect
of these drugs on the immune response is
ambiguous, #7682

ITISASPECTRUM REALLY!

Febrile response, as stated above requires effective
cytokine response from the innate immunity, to
which the adaptive immunity must react with
downstream stimulation of the appropriate cells,
cytokines, and eventually, the anti-inflammatory
factors.>®"8 However, the effect of aging on these
systems implies poor cytokine release, so that fever
is not generated efficiently.®3638% With activation of
pro-inflammatory status, the anti-inflammatory
response may be late or absent, causing undue
damage, even end organs failure as seen in many
dengue cases of the aged.® However, centenarians,
who have ideal immune systems show febrile
responses as efficient as young adults, indicating
that unsuccessful aging is associated with damage
caused by fever and successful aging implies
efficiency of the AIR.>®*® Two homeostatic
mechanisms are shown to be at work during
inflammation — linear and nonlinear.*” The linear
path involves a dose-response relationship to an
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inflammatory stimulus. As the inflammatory
stimulus increases, so does the immune response,
establishing homeostasis. The nonlinear path
involves an unpredictable chaotic path, where small
changes in the initial conditions stimulate an
amplified response, characterized by an undue
explosion of inflammation and organ dysfunctions
clinically.*” The aged, with multiple co-morbidities
and inflammaging may often develop the nonlinear
response. This was demonstrated in the current
pandemic of Corona Virus Disease — cytokine storm
that occurred in the aged caused increased
morbidity 548586

As demonstrated, multiple factors, including
genetics, oxidation, exposure to stress, influence the
efficiency of the immune system in the aged.?47:51.58
In this context, the theory propounded by
Vithoulkas may explain these confounding
observations.®” The levels of health theory states that
each person is born with a certain possibility for
health, determined by genetic and epigenetic
influences at the moment of fertilization.®” This is
the potential that one may achieve if one lives right.
Living right implies a healthy lifestyle, minimal
psychological stress, relatively less exposure to
infections, and least use of drugs/medications of any
kind. Under such circumstances, a person ages
successfully and preserves the ability to put up an
efficient AIR well into old age. However, any of
these conditions not being optimal tends to reduce
the efficiency of the organism and bring down the
‘level of health’.8” These levels are relative and
make up a spectrum with the healthiest people with
a potential for the lifespan of over ninety years at
the top and those born with severe genetic disorders
and pathologies causing them to die in infancy at the
bottom. Everyone else makes up the spectrum in
between. The healthiest are characterized by the
ability to mount efficient AIR and a lack of chronic
inflammatory tendency. As we go down, there are
people who develop recurrent infections, followed
by those in whom chronic inflammations have set in
and AIR is impaired. In these people, we may not
perceive efficient AIR, but an altered, chaotic AIR
which is detrimental to the being. The AIR which
was beneficial to the ‘higher level’ people, will kill
in the ‘lower levels’ due to the magnitude of the
response and the inability of the body to control it.%’
Fundamentally, the level of health, decided by the
influence of genetic inheritance and allostatic load,
decides the ability to mount and the outcome of an
AIR, especially fever.

This, to a great extent, explains the widely different
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outcomes from fever observed in the elderly. If a
person has a well-preserved immune system, fever
is beneficial, and it is advisable to let the fever run
and achieve its ends. If the immune system is
compromised in any way, then fever is
detrimental.® This is supported by many
immunological studies as well. It is seen that when
there is a subnormal response to inflammatory
stimulus in the local tissue, the inflammatory
stimulus becomes stronger and attacks a deeper
tissue than would have happened in the healthier
systems.? Further, as shown in a study, fever
patterns differed in the infection scenario and each
pattern was shown to have a different outcome.
Those who quickly mounted a high fever and
showed quick resolution of fever were the least
likely to die or suffer during sepsis. However, those
who did not mount fever or developed hypothermia
during sepsis were most likely to die.*?

This means that every individual’s response to an
inflammatory stimulus may be peculiar to that
individual. Mechanisms have been detected that
help the body in this defence. It has been suggested
that the preoptic hypothalamus may be involved in
sensing the inflammatory stimulus and judging the
energy resources available for mounting a response.
It may decide whether a fever or hypothermia was
more adaptable in that individual.® Further,
glutathione, an antioxidant in the cells has been
shown to direct the ability to raise fever in response
to inflammatory stimulus.® This research is in the
same vein as the levels of heath theory. Here, the
researchers found that the level of glutathione in the
cells is determined by the presence of chronic
inflammation in the environment. In very healthy
individuals ~ without  chronic  inflammation,
glutathione is very high and during AIR, there is
barely any fever recognized as the process of
inflammation is carried out with barely any cost to
the individual. When the chronic inflammation is
strong and deep and has been established, the
glutathione is used up for combatting the oxidative
stress and is very low in the cells. In such
conditions, the body adapts to the absence of
defence and develops hypothermia instead of fever.
The people in between these two extremes are
shown to be able to raise a high/efficient fever
response during AIR as in them, the glutathione is
available in moderate quantities.88°

Thus, we see that while evolution developed fever
as a defence, in the current scenario of increased
longevity of organisms (humans and their
domesticated animals), a new outlook and
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understanding is necessary to interpret the AIR and
fever response. Indiscriminate use of fever
suppressive drugs has been proven to be
detrimental, while fever suppression is necessary in
many. The levels of health theory may have the
answer to this and investigating the real-life truth
behind this theory is warranted. If practical clinical
diagnostic parameters may be developed to detect
the level of health of the person developing fever, a
more logical and beneficial approach may be
advised to the physicians, leading to preservation of
the efficiency of the immune system.
CONCLUSION

Fever has evolved as a defence against pathogenic
invasion. However, in the scenario of increased
longevity, it is shown to cause both increased
survival and increased  morbidity/mortality
especially in the elderly. So far, there is no
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