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a  b  s  t  r  a  c  t

The  aging-associated  decline  of  biological  functions  represents  an important  contributor  to  the  increase  in
morbidity  and  mortality  of human  beings.  Of these  biological  functions  deterioration;  there  is  a  significant
decline  in  the  heart  function,  impairments  in  the lungs  gas  exchange,  and  impairments  in the  immune
function.  Many  alterations  in  the  body  humeral  and cellular  immune  response  were  observed  with  ageing
process:  The  circulating  pro-inflammatory  cytokines  are  increased,  the  naive  lymphocytes  are  decreased,
the  numbers  of the  antigen-presenting  cells  areelevated  and  the overall  response  is  impaired.

In  addition,  ageing  is  associated  with  a  progressive  restriction  in  the  telomere  length.  Telomeres  are
located  at chromosomes  ends  and  play an essential  role  in  preserving  chromosome  stability.  Also,  telom-
ere  length  is very  important  to  the  immune  system,  because  of  the  high  sensitivity  of  the  immune  cells  to
the  shortening  of telomeres.  Telomeres  shortening  adversely  affect  the immune  cells’  function  and  devel-
opments.  These  adverse  changes  increased  the  susceptibility  for severe  infection,  risk  of  hospitalization,
and  even  death.

Elderly  COVID-19  patients  are  at a  real  risk  of  complications  due  to impaired  immune  function,
cytokine  storm  and  defective  respiratory  function.  Administration  of  anti-ageing  immunomodulation

factors  like  Nicotinamide  Adenine  Dinucleotide  NAD+  can  minimize  these  changes  through  its potent
immunomodulation  and longevity  effects.  NAD+  has a direct  inhibitory  effect  on PARP-1  and  can  pre-
vent  pro-inflammatory  cytokines  over-activation.  Increasing  the  NAD+  level  will  also  result  in stabilizing
telomeres  and  this  has a  positive  impact  on immune  cells  function.

© 2020  The  Author(s).  Published  by  Elsevier  Ltd on  behalf  of  King  Saud  Bin  Abdulaziz  University  for

Health  Sciences.  This  is  an open  access  article  under  the  CC  BY-NC-ND  license  (http://creativecommons.

org/licenses/by-nc-nd/4.0/).
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COVID-19 is a viral infection with an outbreak started in China
t end of December 2019, and then declared a pandemic in March
020 by world health Organization (WHO). It is caused by severe
cute respiratory syndrome coronavirus 2 (SARS-CoV-2) [1]. Coro-
aviruses are a large family of viruses that can cause infections with

 wide range of severity. The severe types may  often associate with
mmune-inflammatory injury, in which the level of oxidative stress
ncreases significantly [2].

SARS-CoV-2 is the seventh coronavirus known to infect humans;
evere acute respiratory syndrome coronavirus (SARS-CoV), Middle
ast respiratory syndrome coronavirus (MERS-CoV), and SARS-
oV-2 can result into severe or even fatal illnesses, whereas HKU1,
L63, OC43 and 229E are frequently associated with mild symp-

oms [2]. SARS-CoV-2 is primarily transmitted through respiratory
roplets. But a person can additionally be affected by contact
ith objects that affected person (not necessarily symptomatic)
ave touched. Moreover, COVID-19 infection may lead to intestinal

nfection and be present in faeces [3,4].
The present virus, SARS-CoV-2, is highly infectious and caused a

andemic infection within three months from its primary outbreak.
n the majority of cases, patients present with typical respiratory
ymptoms (fever, cough, and myalgia or fatigue) [5]. However, diar-
hea may  be a presenting feature in some patients which often
inked to delay diagnosis and a fatal outcome [6]. In severe cases
f COVID 19, the patient develops severe respiratory distress (res-
iratory rate >30 breaths/min), RNAaemia, secondary bacterial

nfection, and/or acute cardiac injury [5]. Individuals at extreme risk
or severe illness include people aged over 60 years and those with
hronic health problems like diabetes, chronic respiratory disease,
ypertension, and cancer [7].

he COVID-19 immune response

SARS-CoV-2 likewise SARS-CoV, uses the envelope spike (S) gly-
oprotein binding to the angiotensin-converting enzyme 2 (ACE2)
s a receptor to enter the cells [8,9]. The S protein of SARS-CoV-

 binds weakly to ACE2 compare to SARS-CoV, this weak binds
f SARS-CoV-2 results in less severe diseases than SARS-CoV [10].
CE2 represents a type I transmembranemetallocarboxypeptidase
ith homology to ACE, a key enzyme in the Renin-Angiotensin sys-

em RAS [11]. These receptors are expressed in vascular endothelial
ells [12], lung [13], kidney, and gastrointestinal tract [14]. SARS-
oV2 can induce the production of double-membrane vesicles.
hese vesicles lack pathogen-associated molecular patterns and
hen replicate in these vesicles, thereby avoiding the host detection
f their dsRNA [1].

When the virus enters the cells, its antigen will be presented
o the antigen-presenting cells (APCs), with successive activation
f the body’s humoral and cellular immunity [1]. Patients affected
y COVID-19 virus showed higher leukocyte count but lympho-
ytopenia. The number of CD4+ and CD8+ T cells significantly is
educed [15]. Despite their excessive activation, as evidenced by
ubstantial proportions of HLA-DR (CD4 3.47%) and CD38 (CD8
9.4%) double-positive fractions [15]. Moreover, viral replication
ctivates interferon regulatory factors (IRFs) and TLR-3-induced
F-�B pathway; which increases the production of proinflamma-

ory cytokines and cytokine storm. The abnormal immune response
aused by the SARS-CoV-2 virus has to be mediated by leukocytes
ther than T cells [16]. The excessive release of cytokines like IFN-�

nd IFN-� and chemokines results in a cytokine storm with a deadly
nflammatory response [17–19]. The cytokine storm will trigger an
ntense systemic immune reaction, causes acute respiratory dis-
ress syndrome ARDS, acute cardiac injury, and multiple organ
 and Public Health 13 (2020) 1196–1201 1197

failure, which lead to death in severe cases of SARS-CoV-2 infec-
tion, similar to what occurs in SARS-CoV and MERS-CoV infection
[15,17] (Fig. 1).

Many elderly patients developed an uncontrolled immune
response to COVID-19 [5]. The Ageing-associated disturbance in
immune cells and increase in the proinflammatory cytokines (TNF-
� and IL-6) makes elderly people more vulnerable to severe airway
inflammation, with a following uncontrolled systemic inflamma-
tory response [20].

The disease burden in elderly

Despite the immaturity of children’s immune system, COVID-19
in children appears to be relatively rare and mild with approxi-
mately 2.4% of the total reported cases are among individuals aged
less than 19 years. Of those less than 19 years, only (2.5%) devel-
oped severe disease, and (0.2%) suffered from the critical one [6].
Recent studies conducted in China [6], Italy [21], and USA  [21] con-
cluded that increased age of COVID-19 patients is associated with
an increasing death rate and death rate of 80 years and above is
passing 14% (Fig. 2).

The variation in COVID-19 deaths among the different age
groups, can suggest either immunosenescence or epigenetic fac-
tors. Immunosenescence is defined as “an age-related dysfunction
of the immune system which leads to enhance the risk of infection”
[22] because of Immunosenescence, elderly people are more sus-
ceptible to Viral infections whether they live in the community or
long-term care facilities due to altering immune function [23].

The ageing effect on the immune response

Many physiological changes occur with ageing, such as the
decline in the cardiac output, impairments in the lungs’ gas
exchange, and impairments in the immune function [24,25]. These
changes are often associated with progressive homeostatic insta-
bility and vulnerability to infections [24–26]. Ageing is also marked
by many alterations in the innate and adaptive immune responses
[27,28]. Two main changes are common with respect to T cell sub-
populations: a decrease in naïve T cells that leads to the shrinking of
the TCR repertoire and an increase in memory T cells that is primed
by different aggressors [28,29]. Therefore, the ability of the human
immune system to protect against infectious disease declines with
age, and efficacy of vaccination reduces significantly in the elderly
[28].

Immunopathology in elderly

There is evidence that the NK cells are significantly increased
in older adults while the percentages of type T of cells declined.
In aged humans, APCs secretion of pro-inflammatory cytokines
increased while they secrete decreased levels of anti-inflammatory
and immune-regulatory cytokines. Increase Pro-inflammatory
cytokines (e.g. Type I cytokines IFN-� and TNF-�) and type II
cytokines (IL-4)), and decreased FOXO3a activity play a significant
role in the chronic pro-inflammatory state associated with the age-
ing process [30,31] (Fig. 3).

The function of Dendritic cells in airway remodeling and
inflammation is also compromised, leading to inevitably increase
susceptibility to acute pneumonia and its complication [32].
Besides, older people produce significantly higher levels of mono-
cyte chemoattractant protein-1 (MCP-1) and lower levels of the

epidermal growth factor (EGF) [33]. Further, CD8+ and CD4+ T
lymphocytes play an essential role in the developing cytokine
network, resulting in higher production of pro-inflammatory medi-
ators [34,35].
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Fig. 1. COVID-19 caused by SARS-CoV-2 virus, leads to activation of innate immune cells, especially in patients developing severe disease and ARDS. levels of many pro-
inflammatory effector cytokines, such as TNF, IL-1�, IL-6, and IL-8, as well as chemokines, such as MCP1, and IP10, are elevated, reflecting innate immune activation in
patients with COVID-19, with higher levels in those who  are critically ill.
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Fig. 3. Ageing is associated with the accumulation of DNA damage, which leads
to  genotoxic stress, activation of PARP and decrease NAD with subsequent decline
in SIRT1 activity in the nucleus and mitochondria, respectively. Decreased SIRT1
ig. 2. Death rate by age for COVID 19 recorded cases.
ource: Worldmeter, 30 March 2020.

ge effect on telomeres

One of the crucial differences at the DNA level between old age
ndividuals and children is their telomere length. Telomeres rep-
esent a region of repetitive nucleotide sequences at chromosome
nds [36]. The immune system is extremely sensitive to the short-
ning of telomeres as its function depends strictly on cell renewal
nd clonal expansion of T and B types of cells. Immunosenescence
s distinguished by telomere shortening with various kinetics of
elomere debilitation in CD4+, CD8+ T lymphocytes, B lymphocytes,
ranulocytes, monocytes, and NK cell population [37].
There is a marked variation in leukocyte telomere length (LTL)
etween humans. This difference is typically attributed to the pecu-

iar effect of gender, race/ethnicity, paternal age at conception, and
nvironmental exposures [38].
leads to NF-�B activation and decreased FOXO3a activity, together with increase p53
activity and ROS that lead to increased inflammation and decrease mitochondrial
function.

In a cohort, prospective study included 75,309 reported that
short LTL was associated with a high risk of hospitalization due to
pneumonia and significant risk of death related to infections [39].
Another critical study on the immune response after flu vaccina-
tion documented that, individuals with long telomere length in
B-lymphocytes produced a more robust antibody response when
compared to individuals with short B-lymphocyte telomere length
[39]. Epidemiological data on leukocyte telomere length (LTL) have
concluded shorter LTL could be associated with increasing age
[36,40], obesity, male gender [41,42], Caucasian race [43], alco-
holism [44], atherosclerosis [45], diabetes [40,46] infection and

cardiovascular disease [47,48] (Table 1).

LTL is also influenced by ethnicity [36]; two  genome-wide
association studies observed that the LTL was longer in African
Americans than in European individuals. Moreover, the LTL was
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Table  1
Association of telomere length with age, gender, race, health risk factors, age-related chronic disease, and infection.

First author, year (reference no.) Study design Factor Telomere length

Cawthan, 2003 [47] Cross- sectional Heart diseases Decrease
Benetos, 2004 [45] Cross- sectional Atherosclerosis in Hypertensive Decrease
Gardner, 2005 [46] Cohort Diabetes mellitus Decrease
Demissie, 2006 [42] Cohort Hypertension, increased insulin resistance and oxidative stress Decrease
Fitzpatrick, 2007 [48] Cross- sectional Heart diseases Decrease
Nordfjäll, 2008 [41] Cohort Obesity Decrease
Halaschek-Wiener, 2008 [49] Case-control Caucasian race Decrease

, male
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Sanders, 2013 [36] Review Ageing
Fujishiro, 2018 [43] Cohort Cauca
Harpaz, 2018 [44] Cross- sectional Alcoho

ignificantly longer in sub-Saharan Africans than in both Europeans
nd African Americans [49,50]. These critical findings suggest that
ifferences in the LTL between Europeans and Africans are influ-
nced by polygenic adaptation and ethnic differences in risks for
iseases including viral infections [51–53]. These studies could
xplain why Africa has fewer cases of COVID-19 compared with
ost other parts of the world.
Furthermore, telomeres are shortened by cell division and

xidative stress and are lengthened by the enzyme telomerase
nd DNA exchange during mitosis. Telomere length is modulated
y sirtuins, which area family of Nicotinamide adenine dinucle-
tide ((NAD+) dependent enzymes. Maintaining adequate NAD+
evels through NAD+ precursors would increase sirtuin activity
nd stabilizes telomeres [54]. Nicotinamide adenine dinucleotide
NAD+) is an essential pyridine nucleotide that participates in many

etabolic reactions [55]. It is well-known for its critical role in
edox reactions and as a signalling molecule. It serves as an essential
ofactor and substrate for many critical cellular processes, includ-
ng energy metabolism, mitochondrial function, biosynthesis, gene
xpression, calcium signaling, immunological functions, and ageing
56,57]. Decreases NAD+ level affect sirtuin activity and generally
ssociated with short telomeres which subsequently induce cell
geing [36,40].

AD+ metabolic pathways

There are five major precursors and intermediates to synthesize
AD+: 1-tryptophan, 2-nicotinamide (NAM), 3-nicotinic acid (NA),
icotinamideriboside (NR), and 5-nicotinamide mononucleotide
NMN.) The synthesis of NAD+ is usually carried out through two

ain pathways synthesis: de novo synthesis and salvage pathways.
he de novo pathway converts tryptophan to quinolinic acid (QA)
eading to the production of nicotinic acid mononucleotide (NaMN)
ia the kynurenine pathway. Altered kynurenine pathway activity
s frequently linked to both ageing and some of the age-associated
iseases [58].

To control NAD+ levels, most NAD+ is recycled via salvage path-
ays from NMN, NR, NAM, and NA. These substances are usually
resent in the extracellular spaces and are transported through the
lasma membrane where they can be utilized [59]. NAD+ occu-
ies a critical role as the substrate of NAD+-consuming enzymes

ike poly-ADP-ribose polymerases (PARPs), sirtuins and, CD38/157
ctoenzymes. Cellular NAD+ levels may  be enhanced by activators
f the salvage pathway or by inhibitors of enzymes that utilize
AD+ like CD38, PARPs, and SARM1 [60].

There is growing evidence from pharmacological studies that
icotinamide administration can result in alterations in nitric oxide
roduction which reduces the DNA damage response, and improves
itochondrial activity [61,62]. NAD+ exerts potent preventive
ffects through the poly (ADP-ribose) polymerases, mono-ADP-
ibosyltransferases, and sirtuin enzymes. These enzymes catalyze
rotein modifications, such as ADP-ribosylation and deacetylation,

nevitably leading to changes in protein function. Sirtuins localize to
 gender, Caucasian race, and atherosclerosis’ Decrease
ce Slow decline

Decrease

telomeres and regulate telomere length [47]. As the organism gets
older, NAD+ level decreases with a subsequent decreases in sirtuins
activity, telomeres shorten and cells gradually deteriorate, stop
dividing, and die [35,63]. This ageing-associated decline in NAD+
is believed to be a tremendous risk for diseases and/or disabilities,
like hearing and vision loss, cognitive dysfunction, auto-immunity,
dysregulation of the immune response [59]. A recent study showed
that the administration of NAD+ associated with an increase in
sirtuin activity. Increasing sirtuin activity stabilizes telomeres,
reduced DNA damage, and improves telomere-dependent disease
[64]. Stabilizing telomeres produces a beneficial impact on immune
cell functions. Therefore, NAD+ involvement in DNA repair and
immune response could be targeted in ageing therapeutic trials.

Role of NAD+ in infection and autoimmune diseases

In the last century, several studies have tested the relation
between NAD+ and infection. Murray and his colleagues reported
that in vitro HIV-1 infected human cells decreased the intracellu-
lar NAD+. Also, they suppressed NAD+ activity against the PARP
enzyme. And this change could be reversed by using NAD+ [65]. A
study published in clinical endocrinology explored the inhibitory
effects of NAD+ on poly (ADP ribose) synthetase, and also its
suppressing effect on interferon-gamma-induced HLA-DR antigen
expression in cultured thyroid cells from patients with Graves’ dis-
ease [66]. Similarly, because of its specific immune modulatory
change in HLA-DR expression, several scientists suggested using
NAD+ in the treatment for tuberculosis [67,68].

Other potentially significant immunomodulatory effects of
nicotinamide include modulation of cytokine action [69], and reg-
ulation of the intercellular adhesion molecules [70]. NAD+ also has
been shown to block mast cell degranulation and inhibit protease
release from leukocytes [71]. And if combined with tetracycline,
they can regulate peculiar immune responses through suppression
of complement activation, antibody production, leukocyte chemo-
taxis, prostaglandin synthesis, and the production of lipases and
collagenases [71].

By targeting cellular antiviral agents, like virus-host interac-
tome, can suggest a novel strategy for the development of effective
treatments for COVID-19. Many host proteins are either involved
in vital pathways of viral infection or the direct targets of the coro-
navirus. GSK3B, DPP4, SMAD3, PARP1, and IKBKB in common are
among the targetable proteins [72].

Poly-ADP ribose polymerase-1 (PARP-1), is a DNA base repair
enzyme that often activated by DNA breaks. On the other hand,
PARP1 can also act as a mediator of inflammation due to its activa-
tion of nuclear factor- �B (NF-�B) and other transcription factors
[73]. NF-�B is a protein complex that represents a key transcription
factor that typically participates in cytokine production, ageing, and

pro-survival responses in diverse cell types [73].

PARP-1 is a large protein composed of 1014 amino acids and has
ADP-ribosyltransferase (monomer or polymer) activity [74]. It cat-
alyzes the cleavage of NAD+ into nicotinamide and ADP-ribose. By
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his way, PARP-1 carries out a critical antiviral role through ADP-
ibosylation of the viral genome (RNA or DNA) and inhibition of viral
ranscripts translation [74]. However, several viral families, includ-
ng Togaviridae and Coronaviridae encode for a macrodomain
rotein that hydrolyzes ADP-ribose units from proteins and nucleic
cids [75]. By this mechanism, these viruses inhibit the protective
ffect of PARP-1; and facilitate optimal replication and virulence
75]. Consequently, Excessive activation of PARP-1 occurs to com-
ensate ADP-ribose hydrolyzation of PARP will be accompanied
y increase pro-inflammatory cytokine production and excessive
AD+ consumption followed by glycolysis block, depletion of
nergy and cell death [76,77]. Moreover, NAD+ depletion medi-
ted by uncontrolled PARP activity leads to decreased sirtuin 1
SIRT1) activity indirectly. This process of PARP-1 overactivation
an be reversed by exogenous NAD+ administration [75]. Further,
AD+ supplement with successive PARP-1 inhibition prevents NF-
B activation. By modulating NF-kB transcriptional activity, NAD+
as a vital role in controlling the ongoing inflammatory state, over
ctivation of the immune system, and even the cytokine storm.

onclusion

Older people and those with pre-existing conditions are greatly
ffected by COVID-19 and are more susceptible to poor clin-
cal prognosis. The pathophysiological changes associated with
geing, declined immune function and comorbidity make them
ore likely to suffer from a severe type of COVID-19 disease

nd more serious complications. The ageing related decreases
n NAD+ with the subsequent decline in telomeres length neg-
tively influence the immune response, and COVID-19 outcome.
e  suggested the use of NAD+ as an immunomodulator for

OVID-19 in older patients. Restoring normal NAD+ levels could
ecrease the severity of immune reaction in those patients and

mprove their clinical condition. We  believe that a thorough
nderstanding of the mechanism of the immune response against
ARS-CoV-2-infection, immunosenescence, age-associated telom-
res shortening will make the development of effective preventive
nd therapeutic strategy achievable.
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