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Résumé

L'immunodépression du sujet agé est multifactorielle. L'analyse des facteurs étiologiques
démontre un réle majeur de I'immunosénescence et de la dénutrition protéino-énergétique (DPE)
avec carences en oligo-éléments comme la vitamine D, le zinc ou la vitamine E, dont la prévalence est
importante chez les plus de 75 ans. Cette DPE participe aux nombreuses conséquences décrites dans
le syndrome de fragilité et notamment d’une susceptibilité particuliere aux infections, dont les
infections fongiques, habituellement apanage des patients immunodéprimés, ce qui impose une
vigilance particuliere. Or, ces particularités du vieillissement du systéme immunitaire et de la
vulnérabilité inhérente a I'avancée en age peuvent conduire a une errance diagnostique puis a une
escalade thérapeutique, notamment en antibiotiques, ainsi qu’a une perte de temps entrainant une
perte de chance pour le patient. De plus, cette escalade d’antibiotiques entraine une pression de
sélection microbiologique chez le sujet agé fragile, délétere au long cours en cas d’infection(s)
opportuniste(s). La conduite a tenir repose essentiellement sur le repérage et la prise en charge de la
fragilité, en particulier sur son versant nutritionnel. Le repérage du risque nutritionnel, la prise en
charge diététique, I'évaluation thymique et une approche fonctionnelle en sont les quatre piliers. Ces

éléments s’intégrent dans le cadre d’une évaluation et d’une prise en charge globale gériatrique.



Abstract

Immunodeficiency in the elderly is multifactorial. The analysis of etiological factors demonstrates
the major role of immunosenescence and protein-energy malnutrition (PEM) with high prevalence
deficiencies in micronutrients such as vitamin D, zinc, or vitamin E in people aged above 75 years.
PEM contributes to the numerous consequences of frailty syndrome, and mainly to susceptibility to
infections including fungal infections, which are usually observed in immunodeficient patients.
Particular attention should thus be paid to these patients. However, these peculiarities of the
immune system aging and the aging-related vulnerability can lead to diagnostic delays and treatment
escalation, mainly with antibiotics, as well as to a loss of time resulting in a loss of opportunity for
patients. Antibiotic escalation also leads to microbiological selection pressure in frail elderly people,
which can be deleterious in the long-term in case of opportunistic infections. Guidelines are mainly
based on the identification and management of frailty, especially in terms of nutrition. The
identification of nutritional risk, dietary management, mood vigilance, and a functional approach are
the four pillars of the management strategy. These elements are part of a global geriatric assessment

and care.



1. INTRODUCTION

Physicians may be unaware of the specificities of the immune system aging. This lack of
knowledge may lead to diagnostic delays and antibiotic therapy escalation. Treatment escalation,
mainly antibiotic therapies, is associated with microbiological selection pressure [1] in elderly people.
This microbiological selection pressure is even stronger in frail elderly patients as it is associated with
a long-term negative impact in case of opportunistic infections. Besides immunosenescence, frail
elderly people often present with severe protein-energy malnutrition (PEM) [2]. PEM contributes to
the numerous consequences of frailty syndrome [3], and mainly to susceptibility to infections
including fungal infections, which are usually observed in immunodeficient patients [4]. The
combination of immunosenescence [5] and PEM-induced micronutrient deficiency [6] is associated
with immunodeficiency in frail elderly people. They are more likely to contract infections caused by

unusual bacteria [7]; particular attention should thus be paid to these patients [8].

We aimed to outline immunological evolution in elderly people presenting with frailty syndrome,
screening options for these at-risk patients, and management modalities. We performed a literature
analysis using the following MeSH terms on the PubMed and Google Scholar databases:

“inflammaging”, “immunosenescence”, “frail elderly”, and “undernutrition”. We mainly focused on

meta-analyses and systematic reviews.

2. FACTORS CONTRIBUTING TO IMMUNODEFICIENCY IN ELDERLY PEOPLE

Immunodeficiency in elderly people is multifactorial. Predisposing factors of immunodeficiency in
elderly people are related to intrinsic factors such as genetic predisposition to immunosenescence or
aging-related physiological changes, and to extrinsic factors such as undernourishment and some

comorbidities or treatments.

2.1. IMMUNOSENESCENCE

The immune system helps the organism distinguish between self and non-self, and contributes to
the defense against external aggressions. The immune system is made of physiological barriers
(skin/mucous) and proteins and cellular agents enabling such identification. Damages to the immune
system may be due to primary diseases of the immune system (lymphoproliferative or

myeloproliferative disorders) or to secondary diseases. Although secondary factors are mainly due to
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environmental causes, they may also be explained by immune system impairment as part of the
aging process, i.e. immunosenescence [5, 9]. Besides impairment of cutaneous and mucosal barriers
[10], aging also leads to substantial changes in the innate and adaptive immune systems. These
changes depend on aging-related and environmental factors, the main factors being the reduced
nutritional intake in proteins and micronutrients, but also comorbidities and iatrogenesis [11]. Elderly
people are thus at higher risk of infections than younger individuals. The immune system is based on

a two-step response ability [12]:

- on the one hand, an innate immunity based on the action of myeloid cells such as
neutrophils, macrophages, dendritic cells, and natural killer cells (NK). This immunity is
associated with a rapid and non-specific response, triggered by an external aggression. It
is mainly based on the host’s phagocytosis, lysis, and oxidation ability. To do so, it
requires many lysosomal enzymes and proinflammatory cytokines. These protein
responses occur as part of a synergistic process between the various activated cells,

through chemotaxis. The innate immunity is usually triggered by macrophages [12];

- on the other hand, the adaptive (or specific) immunity is based on a slower activation
and on a highly specific response. It is based on B cells and T cells, which are activated by
the innate immune response mainly through dendritic cells and macrophages. These
activated lymphocytes trigger a specific, cellular (cytotoxic), and/or humoral (via
antibodies) response, as well as an immunological memory associated with a more rapid

response for any later presentation of the same antigen [11].

Several changes pertain to the physiological aging of the immune system, known as

immunosenescence:

- for the innate immunity, although no reduction in the absolute number of cells is
observed, several changes are observed, except in dendritic cells. Reduced macrophage,
cytotoxic, lysosomal, and oxidative activities are indeed observed as well as an impaired
chemotaxis. Paradoxically, proinflammatory cytokines are hyperactivated by

macrophages [5,11,13,14];

- the adaptive immunity is most strongly impacted during immunosenescence. Although

the number of cells is not reduced, their quality is highly impacted. A literature review



performed by Crétel in 2010 [11] reported changes in the proportion of B cells between
native cells and memory B cells, as well as an impaired antibody response as part of
humoral immunity. This mainly leads to a dysfunction in the collaboration between B
cells and T cells, and to the impaired recognition of self and nonself. Low-specificity
antibodies are therefore produced, which may explain the emergence of some clones in
hematological disorders of the elderly. As for cellular immunity, an impaired adaptive
immune response towards new pathogens, mainly intracellular pathogens, is observed.
This is characterized by the accumulation — through clonal expansion — of memory B cells,

mainly cytotoxic cells, because of an impaired apoptosis.

The hypersecretion of proinflammatory interleukins could be indicative of an adaptive
mechanism compensating for the failure of immune mechanisms, and mainly those of innate
immunity. Nonetheless, such adaptation known as “inflammaging” because of the aging-related
chronic inflammation, could be involved in the development of numerous aging-related chronic

disorders [15].

This evolution of immune system responses has led several authors to characterize an immunological
frailty phenotype based on the CD4/CD8 lymphocyte ratio, a positive cytomegalovirus (CMV)
serological test, the presence of cognitive disorders (mild or severe), and an increased interleukin

(IL)-6 level [16].

Immunosenescence is therefore associated with (i) an increased susceptibility to infections,
mainly to intracellular bacteria, (ii) a longer post-infection recovery, (iii) a lower sensitization to
immunization, and (iv) an increased neoplastic and autoimmune susceptibility [11,17]. Immunity
conferred by vaccination is also less effective [18]. However, these are just predisposing factors for

the development of infections.

2.2.  IMPACT OF UNDERNOURISHMENT

Besides changes related to immunosenescence, susceptibility to infections in the elderly is
impacted by nutritional deficiencies. Yet, PEM is frequently observed in geriatric settings, especially
in elderly people living in nursing homes [19]. The relation between immunodeficiency and PEM in

the elderly is based on two factors:



- on the one hand, the PEM-related hypercatabolism induced by the chronic inflammation
and associated with the activation of macrophage proinflammatory cytokines, enhances
the effects of PEM through the functional diversion of protein reserves. The
phenomenon is thus enhanced and it triggers frailty syndrome-related sarcopenia

[3,15,20,21];

- on the other hand, micronutrient deficiencies are associated with PEM which in turn
exacerbates the immunosenescence phenomenon. Zinc, vitamin D, and vitamin E
deficiencies are particularly affected [6,22]. Zinc is the micronutrient involved in cell
proliferation. It is crucial to the immune response. However, considering the organism’s
inability to stock zinc, deficiency in this micronutrient (serum level <70 pg/dL) is rapidly
detrimental. Zinc deficiency has a synergistic effect on the various aspects of failure due
to immunosenescence, thus reinforcing the latter phenomenon. Although several
randomized studies reported the benefits of zinc supplementation on the immune
response restoration, there is no consensus on dosing regimens [22]. Vitamin E is an
antioxidant that protects the cell membrane from oxidative stress. As this phenomenon
is one of the mechanisms pertaining to the innate immunity functioning (NK cells),
vitamin E plays a crucial role in preserving the integrity of cells during cytotoxic immune
response. Epidemiological studies performed revealed the relation between infections
and vitamin E deficiency. However, no consensus has been reached on the benefit of
vitamin E supplementation in immune response restoration and on supplementation
dosage [22]. The role of vitamin D in regulating mechanisms of calcium homeostasis is
well-known. However, cells without any link with these functions harbor the vitamin D
receptors. Biochemical studies revealed the predominance of vitamin D receptors on
immune cells. Vitamin D is believed to act as a fundamental stimulator of innate and
adaptive immune responses. In terms of epidemiology, the relation between vitamin D
deficiency and immune susceptibility has also been highlighted [23]. However, unlike the
action on phospho-calcium metabolism, there is no consensus on dosing regimens for

substitution as part of this immune action [22,23].

Besides immunosenescence, the presence of PEM and vitamin and micronutrient deficiencies
in the elderly impairs the persistent immune response ability. Paradoxical inflammatory responses

are therefore enhanced as well as deficiencies and PEM, leading to a frailty spiral [24].



2.3.  IMPACT OF COMORBIDITIES AND IATROGENESIS

Besides effects of immunosenescence and PEM, the preservation of the immune system functioning
is impaired by comorbidities and by the associated use of medications. A clear correlation has indeed
been observed between the number of comorbidities and the decreased magnitude of immune
response [25]. The immunosuppressive nature of some chronic diseases such as chronic obstructive
pulmonary disease (COPD) or diabetes is well-known. Treatments such as corticosteroids exacerbate
immunosuppression. In case of immunosenescence, the chronic inflammation may disturb the
platelet aggregation activity and may reinforce the cardiovascular risk factors for atherosclerosis [26].
Finally, the use of antibiotics in severe situations disturbs the commensal flora and contributes to
opportunistic infections, facilitated by the overall multifactorial immunodeficiency. Candidiasis,

among other infections, is particularly likely to develop in these situations [1,27—-30].

3. MANAGEMENT MODALITIES

Multifactorial immunodeficiency should be considered a geriatric disorder [31], requiring systematic

investigation of predisposing and eliciting factors [32].

Some predisposing factors for immunodeficiency cannot be modified, such as genetic predisposition
to immunosenescence combined with the effects of aging. Others can be modified such as PEM,
which can be corrected with nutritional guidance, or iatrogenic risk analysis requiring prescription
review. Eliciting factors are related to added iatrogenesis, and mainly to the inappropriate use of
antibiotics or corticosteroids. This check-up should be performed as part of the standardized geriatric
assessment. It also contributes to identifying frailty criteria associated with inflammaging

complications, mainly mood disorders [33].

3.1. MANAGEMENT OF UNDERNOURISHMENT

3.1.1. DIAGNOSIS OF UNDERNOURISHMENT
The French National Nutrition and Health Program (French acronym PNNS) defines PEM as a

pathological state caused by the persistent incompatibility between the organism’s metabolic needs
and the bioavailability in energy and/or in proteins and/or in micronutrients. This definition has then
been included in the arguments of guidelines issued by the French National Authority for Health

(French acronym HAS). It can be due to the reduced nutritional intakes, irrespective of the
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mechanisms, and/or to the increased metabolic needs. PEM is characterized by a loss of lean body
mass and often of body fat, especially in children. PEM is associated with measurable changes in

physiological body functions responsible for these diseases’ poorer prognosis [34].

PEM diagnosis should be considered because it contributes to frailty by enhancing inflammaging and
leading to its self-sustaining [24,35], and because it is often reversible with early and adequate
management. The benefits of an early and adequate management have been proven in terms of
overall improvement of the health status of frail elderly people, thus contributing to delaying

dependency [36].

PEM screening should be performed in all patients at risk of PEM, mainly in case of hypercatabolism
(neoplasia, inflammation, infection, organ failure) or in case of digestive absorption disorders. PEM
should be looked for in the elderly presenting with psycho-social disorders and/or with impaired
functional independence, oral cavity impairment, swallowing disorders, mood disorders,

neurocognitive disorders, and polypharmacy [37].

Besides looking for previously reported risk factors, PEM screening is based on the evaluation of
ingesta, weight and body mass index (BMI) measurement. The Mini-Nutritional Assessment - Short

Form (MNA- Short Form) has been validated in PEM screening in the elderly [38,39].

PEM diagnosis relies on a mixed approach, combining clinical and biological criteria. At least one of
the following criteria should be met to consider the diagnosis:
- atleast 5% decrease in body weight within one month or at least 10% decrease within six
months;
- BMI <21 kg/m? (BMI >21 kg/m? does not rule out PEM, especially in case of sarcopenia-
related obesity);
- albuminemia <35 g/L (inflammatory syndrome excluded);

- MNA total score >17 [40].

Severe PEM identification is fundamental because it is associated with poor prognosis and increased
morbidity and mortality [37]. PEM is considered severe when at least one of the following criteria is
met:

- 210% weight loss within one month or 215% within six months;

- BMI <18 kg/m?;



- albuminemia <30 g/L.

However, it should be reminded that hypoalbuminemia may be multifactorial in elderly people. Thus,
hepatocellular failure or nephrotic syndrome should be ruled out before confirming that
albuminemia is due to deficiencies in nutritional intake. Hypoalbuminemia is also a marker of
catabolism in case of inflammatory response. Severe hypoalbuminemia in case of sepsis, although
not enough to confirm PEM diagnosis, is however indicative of the absence of available reserves. This

indicates frailty requiring management [35].

3.1.2. MANAGEMENT STRATEGY OF UNDERNOURISHMENT

PEM management strategy is initially based on the evaluation of food intake to check whether it is
adapted to the individual’s needs. Let us remind that the aim of nutritional management in
undernourished elderly people is to reach a dietary energy consumption of at least 30 to
40 kcal/kg/day and a protein intake of at least 1.2 to 1.5 g of proteins/kg/day. This is even more

important in case of hypercatabolism, mainly in sepsis patients, as nutrient needs are increased [19].

Acute, inflammatory, and/or infectious presentations in undernourished elderly individuals
presenting with hypercatabolism associated with immunosenescence and iatrogenesis should
directly be managed adequately while initiating the etiological treatment. These are the
recommendations of the HAS for severe PEM with reduced intakes through the systematic
association of [34]:

- dietary advice;

- nutritional supplementation;

- oral nutritional complements;

- systematic reassessment at seven days to consider enteral nutrition in case of

unfavorable outcome.

Considering vitamin and micronutrient deficiencies, as well as their impact on the immune response,
vitamin D supplementation should be performed as 800 to 1,000 IU per day to reach blood levels
>35 ng/mL [41]. Although no consensus has been reached in terms of dosing regimens, zinc and
vitamin E supplementation seems relevant. Further studies are required to suggest specific

management modalities.



3.2. MANAGEMENT OF COMORBIDITIES AND IATROGENESIS

3.2.1. STANDARDIZED GERIATRIC EVALUATION

Standardized geriatric evaluation is a multidimensional approach aiming to determine the medical
and functional status of elderly patients, particularly frail elderly patients, to support the

management strategy [42].

This approach is based on screening for the main geriatric syndromes using validated scales such as
MNA-SF for PEM, but also motor assessment tests such as the 4-meter gait speed test, Timed Up and
Go Test, cognitive tests such as Mini-Mental Status Examination, or mood assessment using the
geriatric depression scale (GDS). The standardized geriatric evaluation also includes an aptitude
assessment in performing the most frequent daily life activities; this can be assessed using the
Activity of Daily Living (ADL) and instrumental ADL (iADL) scales, thus enabling re-assessment of the
social environment. This assessment is performed by geriatricians to maximize the use of assessment
tools according to patients’ characteristics. On the basis of this assessment, physicians are able to

suggest a global individualized management strategy for the various risk factors.

3.2.2. TREATMENT REASSESSMENT

Several tools have been developed to facilitate treatment adaptation in elderly patients, taking into
consideration their comorbidities: DICTIAS tool, LAROCHE list, or START/STOPP criteria (validated
French version). A literature review reported that among these tools, only the START/STOPP criteria
were associated with a reduction in inappropriate prescriptions [43]. They can thus be used to review

prescriptions.

3.2.3. OVERALL MANAGEMENT OF FRAILTY

Recent studies performed on the overall management of frailty reported the benefit of a
multidisciplinary approach, with motor, cognitive, and nutritional stimulation [44]. This has been
associated with muscle reinforcement and sarcopenia prevention [45]. Considering the mood impact

of frailty, psychological support is required [46,47].

4. CONCLUSION

In cases of acute infectious episode in elderly people, physicians should look for predisposing and

eliciting factors that could indicate multifactorial immunodeficiency responsible for infections and
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potentially for opportunistic infections such as disseminated candidiasis. Predisposing factors for
these infectious complications are:

- immunosenescence, responsible for impairment of the innate and adaptive immune
systems and, by way of compensation, for increased latent hypercatabolism
(inflammaging);

- presence of PEM;

- presence of multiple diseases;

- polypharmacy.

The use of broad-spectrum antibiotics and/or corticosteroids in acute situations is considered an

eliciting factor for systemic or local opportunistic infections.

PEM plays a crucial role among these factors. It should therefore always be screened very early on,
and early management should be implemented. Concomitant with screening and curative

management, early management of other modifiable factors is required.
Such management is based on a standardized geriatric evaluation and, in acute situations, on the
analysis of prescribed molecules to reduce the prescription of inadequate antibiotics, and also on a

multidisciplinary management (mainly nutritional, mood, and motor management).

This overall multidisciplinary approach leads to the adequate management of elderly patients

presenting with multifactorial immunodeficiency.
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