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Abstract

Since December 2019, a novel coronavirus 
called severe acute respiratory syndrome 
coronavirus 2 (SARS- CoV- 2) has begun to 
infect people. The virus first occurred in 
Wuhan, China, but the whole world is now 
struggling with the pandemic. Over 13 million 
confirmed cases and 571,000 deaths have been 
reported so far, and this number is growing. 
Older people, who constitute a notable pro-
portion of the world population, are at an 
increased risk of infection because of altered 
immunity and chronic comorbidities. Thus, 
appropriate health care is necessary to control 

fatalities and spread of the disease in this spe-
cific population. The chapter provides an 
overview of diagnostic methods, laboratory 
and imaging findings, clinical features, and 
management of COVID- 19  in aged people. 
Possible mechanisms behind the behavior of 
SARS- CoV- 2  in the elderly include immu-
nosenescence and related impaired antiviral 
immunity, mature immunity and related 
hyper- inflammatory responses, comorbidities 
and their effects on the functioning of critical 
organs/systems, and the altered expression of 
angiotensin- converting enzyme 2 (ACE2) that 
acts as an entry receptor for SARS- CoV- 2. 
This evidence defines the herding behavior of 
COVID- 19  in relation to ACE2 under the 
influence of immune dysregulation. Then, 
identifying the immunogenetic factors that 
affect the disease susceptibility and severity 
and as well as key inflammatory pathways that 
have the potential to serve as therapeutic tar-
gets needs to remain an active area of research.
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13.1  Introduction

While humanity was ever proud of his superhe-
roic facilities, a little virus, distinguished first in 
Wuhan, China, could have fatal effects on the 
global economy, diplomacy, and especially social 
life. In December 2019, Chinese health authori-
ties reported pneumonia of unknown origin asso-
ciated with an exposure to a seafood market in 
some cases (Rabi et  al. 2020). The causative 
pathogen was unknown, so researchers started to 
investigate its origin, reservoir, and suspected 
intermediate hosts. Investigations revealed that 
the viral genome sequences share about 80% 
similarity to that of severe acute respiratory syn-
drome coronavirus (SARS- CoV). The virus was 
then called SARS- CoV- 2, and the disease caused 
by this virus was named coronavirus disease 
2019 (COVID- 19) (Zhou et al. 2020; Gorbalenya 
et  al. 2020; Rabi et  al. 2020). Over the last 
6 months, this novel coronavirus has continued to 
infect people with a great contagion over the 
boundaries, with more than 13 million confirmed 
cases as of July 13, 2020.

SARS- CoV and SARS- CoV- 2 belong to the 
Coronaviridae family (Coronavirinae subfam-
ily), possessing spikes on the superficial part and 
positive- stranded RNA in the central part 
(Coronaviridae—Positive Sense RNA Viruses—
Positive Sense RNA Viruses. 2011). 
Coronavirinae subfamily contains four main 
genera: Alphacoronavirus, Betacoronavirus, 
Gammacoronavirus, and Deltacoronavirus. 
Gammacoronaviruses and deltacoronaviruses 
occur in pigs and birds, while alphacoronaviruses 
and betacoronaviruses are detected in mammals 
(Coronaviridae—Positive Sense RNA Viruses—
Positive Sense RNA Viruses. 2011; Velavan and 
Meyer 2020). The history of coronaviruses dates 
back to 54 years ago when the virus was isolated 
from nasal washing specimens of patients with 
the common cold (Tyrrell and Bynoe 1966). Until 
this day, seven types of coronaviruses have been 
discovered with the ability to infect humans, 
among which the natural reservoir of five types 
are probably bats (Cui et  al. 2019). From these 
seven types, four types, including human corona-
virus (HCoV)- NL63, HCoV- 229E, HCoV- OC43, 

and HCoV- HKU1, mainly cause the common 
cold, and three others, including the Middle East 
respiratory syndrome coronavirus (MERS- CoV), 
SARS- CoV, and SARS- CoV- 2, can represent 
with fatal pneumonia (Yang et al. 2020; Su et al. 
2016; Zhu et  al. 2020). SARS- CoV- 2 siblings, 
e.g., MERS- CoV and SARS- CoV, mainly involve 
the respiratory system and could cause horrifying 
outbreaks with massive mortality during the past 
two decades (Hanaei and Rezaei 2020; Jabbari 
et al. 2020).

Detection of the origin, hosts, and transmis-
sion routes of the virus can help to stop the virus 
from spreading and infecting more people. 
Further investigations found that the SARS- -
CoV-  2 genome shares a 96% similarity with bat- -
CoV (Zhou et al. 2020) and put forward pangolins 
as the intermediate host of SARS- CoV- 2 because 
of more than 90% concordance of pangolin- CoV 
genome with both bat- CoV and SARS- CoV- 2 
(Zhang et  al. 2020). SARS- CoV- 2 transmission 
mainly occurs through human- to- human contact 
by inhaling droplets and aerosols (Lotfi et  al. 
2020). Current evidence suggests the angiotensin- -
converting enzyme 2 (ACE2) as a cell surface 
receptor for the virus (Wilder- Smith and 
Freedman 2020; Wilson and Chen 2020; 
Sharifkashani et al. 2020; Rezaei 2020b) and the 
immune responses as the source of variability in 
the vulnerability of people to infection 
(Saghazadeh and Rezaei 2020a; Yazdanpanah 
et  al. 2020a; Bahrami et  al. 2020; Lotfi and 
Rezaei 2020; Nasab et al. 2020). Older adults are 
a high- risk group to this infection as they have an 
immune system with a decreased ability to fight 
with infectious diseases (Huang et al. 2020). It is 
important to notice the clinical features of the 
disease in aged patients to reduce total mortality.

13.2  Elderlies: Too Frail 
for COVID-19

Geriatrics is a medical subspecialty aimed at pro-
viding health care for old patients. The elderly 
can be defined in different ways, though it mainly 
applies to people aged 65 years or over (Orimo 
et  al. 2006; Singh and Bajorek 2014; (WHO) 
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2002), and that some divide old ages into early 
elderly (65–74  years old) and late elderly 
(75  years and older). The World Health 
Organization (WHO) claims that the world’s 
population is going to be old very soon and that 
the percentage of the people with the age of 60 or 
more would surpass the 22% of the whole popu-
lation by 2050 ((WHO) Updated May 2017).

Children are different from adults in the risk 
of developing and dying from COVID- 19. 
Studies show that only 2% of cases with con-
firmed COVID19 are in the age group 0–19 years 
(Wu and McGoogan 2020). About 15% of 
patients over age 80 die. Also, patients with 
severe COVID- 19 are older than patients with 
non- severe COVID- 19 (Wang et  al. 2020a). 
Therefore, children and the elderly have high 
contrast in the behavior of COVID19 (Figs. 13.1 
and 13.2). Below are about possible mechanisms 
behind this behavior of COVID- 19.

13.2.1  The Aged Immune System

The human body is a multiphysiological system, 
and all of its systems would be affected by the 

aging process, including the immune system, 
which has an essential role in fighting with infec-
tion. The impact of aging on the immune system, 
which is referred to as immunosenescence, 
involves both innate and adaptive immunity 
(Nikolich- Zugich 2018; Fuentes et  al. 2017; 
Wong and Goldstein 2013) and extends over the 
skin and mucosal immune system (Lichterfeld- -
Kottner et al. 2020).

Aging- associated changes in in the immune 
system include, but are not limited to, the acqui-
sition of old cells in the immune system and other 
organs/systems, reduction in naïve T cells releas-
ing from the thymus, mRNA processing changes, 
and dysregulation of immune receptors (Pietilä 
et al. 2015; Walford 1964; Fuentes et al. 2017). 
Natural killer cells (NK Cells) are an essential 
member of the innate immune system that play a 
significant role not only in eliminating malignant 
cells but also removing cells infected with 
viruses. They are affected by aging, as indicated 
by decreased expression of activating receptors 
and CD56 marker on their surface (Baume et al. 
1992; Carson et  al. 1997; Saito et  al. 1993). 
Similarly, as we get older, T cells undergo reduc-
tions in their number, function, and surface 
receptors. Inevitably, the ability of these cells to 
recognize infectious or tumoral cells would also 
be impaired (Larbi et  al. 2006, 2014; Vallejo 
2005).

On the other hand, COVID- 19 itself would 
influence the immune system. It has been shown 
to decrease T cell numbers and that this might be 
related to disease severity and adverse outcomes 
of disease (Qin et  al. 2020; Fathi and Rezaei 
2020b). NK cells are also reduced in the count 
and cytotoxic function during this infection 
(Yaqinuddin and Kashir 2020). Given that hyper- -
inflammation in COVID- 19 is a strong predictor 
of poor outcomes, inflamm- aging, known as a 
baseline subclinical mild chronic inflammation 
produced by aging, can also worsen the outcome 
of COVID- 19 (Bonafè et al. 2020). Altogether, it 
is not surprising that COVID- 19 can cause worst- -
case scenarios in the context of an aged immune 
system.

Fig. 13.1 Age distribution of patients with COVID- 19
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13.2.2  The Increased Risk of Chronic 
Diseases

The frailty of old patients is not only due to the 
old immune system. Aging is a significant risk 
factor for chronic diseases, including hyperten-
sion, cardiac diseases, cerebrovascular diseases, 
neurodegeneration, and cancer (Pawelec et  al. 
2014). Recent investigations have shown that 
SARS- CoV- 2 could cause higher mortality or 
poorer prognosis in patients with comorbidities, 
in particular, hypertension, diabetes, and cardio-
vascular diseases, compared with patients with-
out comorbidities (Guan et al. 2020; Chen et al. 
2020a, 2020b; Singhal 2020; Grasselli et  al. 
2020; Du et  al. 2020). Of note, hypertension is 
associated with about 2.5- fold increased risk of 
mortality related to COVID- 19 (Lippi et  al. 
2020). Moreover, many elderlies deal with loneli-
ness, which can lead to poor hygiene and neglect 
of disease symptoms at early stages and, there-
fore, presenting to hospitals with progressed 
manifestations. Also, living in care facilities 
would significantly affect person- to- person 
transmission.

13.2.3  The Mature Immunity

Generally speaking, T helper (Th) 2 cell and T 
regulatory (Treg) cell responses and Th17 cyto-

kines decrease with age, whereas Th1 cell 
immune responses and pattern recognition recep-
tor (PRR)- mediated signaling increase with age. 
In this manner, a sophisticated immune system, 
through the production of pro- inflammatory 
cytokines (IFNγ, TNFα, IL- 2, IL- 1β), leads to the 
recruitment of hyper- inflammatory immune 
responses under pathologic conditions. By con-
trast, an immature immune system induces hypo- -
inflammatory responses that are maintained by 
anti- inflammatory and immune- regulatory cyto-
kines (IL- 4, IL- 5, IL- 10, IL- 13, IL- 35, and TGFβ) 
and diminished PRR- mediated signaling. Due to 
decreased communication between the innate 
and adaptive immune system in the immature 
immune system, all responses generated from the 
adaptive immune system are declined, including 
T cell proliferation, cytotoxic T cell responses, 
memory T cells, and CD8+ T and CD4+ T cell 
activation (Maddux and Douglas 2015). Soluble 
factors known to maintain immune responses 
skewed to Th2 cell type come from both the 
maternal origin, e.g., TGFB, progesterone, and 
prostaglandin, and the child’s own origin, such as 
adenosine.

Dendritic cells (DCs) are professional myeloid 
cells that can detect pathogen- associated molecu-
lar patterns (PAMPs) and damage- associated 
molecular patterns (DAMPs) released by invad-
ing pathogens or damaged cells and mediate their 
death through apoptosis, necrosis, or pyroptosis. 

Fig. 13.2 The death rate of patients with COVID- 19 according to the age group

M. Mirbeyk et al.



213

Notably, DCs perform apoptosis of their own 
kind as being programmed. A decreased function 
of DCs in the clearance of apoptotic/necrotic 
DCs results in the accumulation of cells that 
should be dead but are alive, and this would cause 
critical conditions such as autoimmunity and 
tumorigenesis. Like mature DCs, immature DCs 
display the ability of up taking apoptotic/necrotic 
cells (Kushwah et al. 2010). The ability of imma-
ture DCs is, however, unique – whereas apoptotic 
cells are required inflammatory responses for 
being detectable by mature DCs, no evident 
inflammatory response is necessary for their rec-
ognition by immature DCs. Uptake of apoptotic 
DCs would be appropriate for immature DCs to 
be educated of a tolerogenic character, as indi-
cated by increased expression of TGFβ that is a 
critical driver of Treg cell induction by naïve 
CD4+ T cells. More interestingly, cord DCs can, 
upon exposure to PAMPs, elicit immune 
responses compatible with those of adult DCs 
(Langrish et al. 2002). While due to the below- -
required expression of cytokines, IL12P70 and 
IFNY, inducing differentiation of naïve CD4+ T 
cells into Th2 cell dichotomy (Langrish et  al. 
2002), cord DCs are in an immaturity- -
enforcement capacity against the pro- -
inflammatory Th1 cell polarization.

A systematic review of cytokine expression in 
children has confirmed that the expression of pro- -
inflammatory cytokines, including IFNY, IL6, 
IL10, and TNFA, increases with age (Decker 
et  al. 2017). A closer look at individual studies 
included in the review reveals to us an age- -
associated increase most being pronounced for 
the percentage of CD4+ T and CD8+ T cells that 
express IFNY and TNFA.

13.2.4  The Aberrant Expression 
of ACE2

13.2.4.1  ACE2: A Receptor for SARS- 
CoV2 (2019-nCoV) Cell Entry 
That Is Present on Lungs, 
Heart, Kidney, and Testis

An insufficient response to classical angiotensin- -
converting enzyme (ACE) inhibitors among 

patients with hypertension and cardiovascular 
diseases posed the possibility that the target may 
be wrong, i.e., ACE. Efforts led to the recognition 
of ACE2 (angiotensin- converting enzyme 2) that 
acts as a human carboxypeptidase that utilizes 
zinc. The lack of or deficiency of ACE2  correlates 
with diabetic nephropathy, heart dysfunction, and 
reduced cardiac contractility and accumulation of 
angiotensin II and hypoxia-  induced genes (Guy 
et al. 2003).

ACE2 is primarily present on specific tissue 
like renal, cardiac, and testicular tissue. Besides, 
its expression exists in other tissue like the liver, 
lung, pancreas, ovary, colon, small intestine, pla-
centa, and retina (Bindom and Lazartigues 2009). 
Thereby, ACE2 can ubiquitously exert anti- -
fibrotic and anti- inflammatory effects through the 
degradation of its primary substrate, angiotensin 
II, and also by inhibition of TGFB and MIF 
(Bindom and Lazartigues 2009). However, ACE2 
can mediate the degradation of different sub-
strates, as shown in Fig. 13.3.

Antiserum that contains antibodies against 
human ACE2 could hinder the entry of pseudo-
typed SARS- 2- S.  It supports the notion that 
SARS- 2- S utilizes ACE2 as an entry receptor 
(Hoffmann et al. 2020).

13.2.4.2  Dual-Function ACE2: Zinc 
Metalloproteinase 
and Microbial Collagenase

ACE2 and ACE share 42% sequence identity and 
61% sequence conservation around the active site 
(Guy et al. 2003). Sequence alignment has con-
firmed that ACE2 possesses an active site with 
high similarity to that of testicular ACE (tACE), 
and therefore like other ACE family members, 
ACE2 can function as a zinc metalloproteinase 
(Guy et al. 2003). However, it dissociated tACE 
and ACE2 on a zinc ligand; for tACE, there is a 
third zinc ligand that occurs within the Glu- 
(Xaa)3- Asp motif, and for ACE2, the motif lacks 
the aspartate residue and has obtained a gluta-
mate residue (Guy et al. 2003). This motif, Glu- 
(Xaa)3- Glu, allows ACE2 to function as a 
microbial collagenase (Guy et al. 2003).

Having a basic structure like ACE and on the 
other side having a zinc- binding motif (HEXXH) 
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resembling the M32 family of peptidases have 
ranked ACE2 as the first mammalian carboxy-
peptidase structurally related to ACE, neurolysin, 
and PfuCP (Guy et al. 2003).

13.2.4.3  ACE2 Is Not Sensitive to ACEI
ACE2 functions as a carboxypeptidase that 
removes one single amino acid from the C termi-
nus of its substrates, e.g., angiotensin I, angioten-
sin II, and des- Arg9- bradykinin. ACE is a 
peptidyl dipeptidase that removes a dipeptide 
from the C terminus of its substrates, angiotensin 
I and bradykinin, to reduce respective vasodila-
tory effects. Also, ACE2 and ACE differ in their 
ligand- binding pockets that mainly occur at the 
S2’ site (Guy et al. 2003).

13.2.4.4  ACE2 Exists in Membrane- 
Bound and Soluble Forms

ACE2 is a type I transmembrane protein having 
a long extracellular N- terminal domain and a 
short intracellular C- terminal tail. Its soluble 
form can interfere with ACE2 binding to the 
SARS- CoV spike protein. ADAM metallopepti-
dase domain 17, ADAM17, is a TNFA conver-
tase that mediates ACE2 shedding in the soluble 
form (Lambert et al. 2005). However, ADAM17- 
mediated ACE2 cleavage does not influence 

SARS- CoV cell entry as TMPRSS2- mediated 
ACE2 cleavage did it significantly (Heurich 
et al. 2014).

13.2.4.5  ACE2 Expression Decreases 
with Age

The study of rats has confirmed the expression of 
ACE2 in the lungs, kidneys, heart, and the gastro-
intestinal system. For the lungs, the ACE2 expres-
sion occurs in both the bronchus and pulmonary 
parenchyma, alveolar type I epithelium, alveolar 
type II epithelium, bronchiolar epithelium, endo-
thelium, and smooth muscle cells of the pulmo-
nary vascular structure. The expression of 
ACE2  in the rat lungs significantly decreases 
with age, and that this decrease is relatively 
higher in males than females (Xudong et  al. 
2006). Both the elderly and the male population 
are at higher risk of dying from COVID- 19 
(Saghazadeh and Rezaei 2020a).

13.2.4.6  The Herding Behavior 
of COVID19 in Relation 
to ACE2 Under the Cytokine 
Storm

When a large number of people gather in the 
same event, a real concern arises regarding the 
risk of injury and death. For example, the event 

Fig. 13.3 ACE2 
substrates and products
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“2015 Mina stampede” occurred in Mina when 
people were performing the rites of Hajj. What 
that caused people to stampede is not apparent. 
Whatever the primary cause was, the movement 
of a large number of people led to a disaster asso-
ciated with 769 deaths. Such behavior of people 
arising from a sudden fear is referred to as panic 
behavior. Statistical physicists developed several 
models for the prediction of human behavior in 
real crowds and led to the conclusion that 
individual-  centered behavior, like collective 
behavior, would influence the optimization of the 
escape from the crowds (Helbing et  al. 2000). 
Suppose a two- exit room filled with fire. A tradi-
tional fluid- flow model believes that people will 
be able to use both doors correctly and succeeded 
in exit safely. The individual- centered model pre-
dicts that a large number of people may leave the 
room using only one exit, resulting in the block-
ing of that exit, which is known as the herding 
behavior (Low 2000).

The SARS- CoV- 2 enters the body. Upon its 
recognition, the immune system would elicit the 
cytokine storm in the peripheral blood. In a 
cytokine-  filled body, the only optimal strategy is 
cell surface receptors through which the virus can 
enter the cell and escape the immune responses. 
Thus, the virus will find organs, e.g., exit doors, 
that express the highest density of ACE2 expres-
sion. The virus reaches the vital organs, lungs, 
heart, and kidney, and bind to transmembrane 
ACE2 as rapidly as possible as much as possi-
ble—reduction of functional ACE2, in turn, 
causes cardiac dysfunction, inflammation, and 
fibrosis.

The herding behavior of SARS- CoV- 2 can 
explain the most prominent epidemic characteris-
tics of COVID- 19. Higher death rates among 
adults and older adults and patients with underly-
ing conditions, e.g., cancer, diabetes, cardiovas-
cular diseases, and hypertension, linked to limited 
or aberrant ACE2 expression, can be predicted by 
occupying ACE2 and blocking its function to the 
life- threatening extent. Children and young 
adults who have none of those, as mentioned ear-
lier, conditions have a good repertoire of ACE2. 
Therefore, when the virus is occupying ACE2, 

there is a subset of ACE2 that remained func-
tional. It would allow the immune responses to 
clear the viral infection effectively.

In this manner, the herding behavior of 
COVID- 19 depends on the individual- centered 
factors, e.g., age and underlying condition, and 
collective behavior, e.g., the cytokine storm. 
Three main points of intervention are as follows: 
1. hindering the virus binding to ACE2 through-
out the disease course, 2. downregulation of cyto-
kine release within the mild stage of the disease 
and before a severe stage of disease appears, and 
3. upregulation of ACE2 expression during a 
severe stage of the disease to extend the deadline 
for immunity to act effectively.

13.3  COVID-19 in Aged Patients

History taking and physical examination are the 
keys in diagnosis, followed by laboratory testing 
and further paraclinical diagnostics. 
Understanding disease features is mandatory to 
diagnose disease in its earliest stages, thereby 
providing optimal health care and disease man-
agement. COVID- 19 can manifest in a variety of 
forms, from a common cold to a severe form of 
disease like respiratory distress syndrome. Old 
ages (mostly aged 65 and over) and the presence 
of comorbidities crucially predict poor prognosis 
and an increased risk of mortality. The role of 
immunogenetic background is still under investi-
gation in this regard (Babaha and Rezaei 2020; 
Darbeheshti and Rezaei 2020; Yousefzadegan 
and Rezaei 2020).

13.3.1  Clinical Features

The incubation period means the interval time 
from exposure to a virus source or infected peo-
ple until the initiation of disease symptoms. It 
varies from about 1  day to 2  weeks, and the 
median incubation time is about 4 or 5 days (Xu 
et al. 2020a; Lauer et al. 2020; Nie et al. 2020). 
Overall, the most common symptoms of the dis-
ease are fever and cough (mostly dry cough). 
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Fatigue, myalgia, shortness of breath, and dys-
pnea are also common among patients with 
COVID- 19. Other symptoms can include con-
junctival and nasal congestion, sore throat, chills, 
skin rashes, rhinorrhea, nausea or vomiting, spu-
tum production, headache, diarrhea and hemop-
tysis, loss of smell sensation, loss of taste 
sensation, and altered mental status. Moreover, it 
must be noticed that asymptomatic patients have 
also been reported (Wang et al. 2020d; Lai et al. 
2020; Breslin et  al. 2020). Asking a history of 
exposure to symptomatic or suspicious patients 
or exposure to the Huanan seafood market would 
be useful.

In elderly patients, the disease does not 
include very different clinical manifestations 
from what is seen commonly. However, probably 
because of aging and its related comorbidities, 
these manifestations are more severe compared 
with younger adults. Besides, old patients may 
develop more atypical manifestations (Olde 
Rikkert et al. 2020); for example, in some cases, 
changes in mental status and orientation have 
been represented as initial symptoms of 
COVID-  19 in aged patients (Wang et al. 2020c; 
Ward et al. 2020). Dyspnea, tachypnea, tachycar-
dia, and chest discomfort may occur in elderlies 
(Nanda et al. 2020).

13.3.2  Laboratory Findings

Laboratory findings can be useful for predicting 
the prognosis and outcome of the disease. 
Although a significant number of patients can 
represent disease with normal laboratory data 
such as normal complete blood count, the fol-
lowing changes in laboratory data of patients 
might have been seen: abnormal white cell 
count, lymphocytopenia, low platelet count, 
hyponatremia, and increases in c- reactive pro-
tein (CRP), aminotransferases, erythrocyte sedi-
mentation rate (ESR), lactate dehydrogenase 
(LDH), D- dimer, procalcitonin, creatine kinase, 
and IL- 6. In addition to dyspnea and lymphocy-
topenia, high levels of CRP, ESR, LDH, and 
IL- 6 might be predictive of developing severe or 
critical conditions.

13.3.3  Imaging Findings

Chest CT scan findings of patients may include 
ground- glass opacities (GGO), patchy infiltra-
tions, consolidation, pleural effusion, pleural 
thickening, crazy- paving pattern, and interlobu-
lar septal thickening. It seems extensive pulmo-
nary involvement occurs in elderlies more than 
younger patients.

13.3.4  Diagnosis

We can consider a person suspected to have 
COVID- 19 when that person has had recent 
travel to Wuhan, China, or at least one of the peo-
ple whom he is in close contact with, recently 
recognized as a confirmed case of COVID- 19, 
begins to develop fever or common respiratory 
symptoms of COVID- 19 or chest radiogram of 
pneumonia (Kim et al. 2020).

Confirmation of COVID- 19 in a patient occurs 
when the pharyngeal swab specimen turns posi-
tive for real- time reverse transcription- -
polymerase chain reaction (RT- PCR) for the 
SARS- CoV- 2 genome (Kim et  al. 2020). 
However, because of probable false negatives for 
RT- PCR, it is better to repeat the test (Long et al. 
2020). Moreover, a chest CT scan is a sensitive 
diagnostic method for early diagnosis (Wang 
et al. 2020b; Xu et al. 2020b). Elderlies with mild 
or uncommon symptoms of the disease can 
undergo diagnostic assessments for the virus 
(Nikolich- Zugich et  al. 2020). Although immu-
noglobulins are not used for diagnosis of the dis-
ease, positive IgG antibody levels for 
SARS- CoV- 2 can be highly suggestive for recent 
infection (Gosch et al. 2020). An active area of 
research is devoted to finding diagnostic methods 
for more rapid, reliable detection of SARS- -
CoV-  2. Microfluidic devices offer promising 
platforms in this context (Basiri et al. 2020a).

13.3.5  Management

Overall, there is not a specific treatment or drug 
for COVID- 19, and most of the treatments and 
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care are supportive (Nikolich- Zugich et al. 2020). 
Considering complications related to altered 
mental status, such as falling, and underlying dis-
eases is an essential factor to help manage the 
disease in elderlies. Conventional therapies are 
high- flow nasal oxygen, non- invasive positive- -
pressure ventilation, taking care of underlying ill-
ness and comorbidities, and treatment of 
co- infections. Routine use of corticosteroids is 
controversial (Saghazadeh and Rezaei 2020b); 
however, in severe cases, it may lead to a better 
outcome (Veronese et al. 2020). In patients with 
hypertension, the use of angiotensin- converting 
enzyme inhibitors (ACEIs) or angiotensin- 2 
receptor blockers (ARBs) can lead to a better out-
come (Meng et  al. 2020). Patients with coagu-
lopathy who undergo low molecular weight 
heparin may have better outcomes (Tang et  al. 
2020). The use of other drugs, such as antiretro-
virals, is uncertain and may need further investi-
gations (Ford et al. 2020). Considering respiratory 
rehabilitation may also be useful in the post- acute 
phase (Liu et al. 2020).

13.3.6  The Immune System, 
Inflammation, 
and Therapeutic 
Opportunities

Research shows that while the immune system is 
expected to elicit antiviral immune responses, the 
SARS- CoV- 2 causes the immune system to 
induce pro- inflammatory signaling to the extent 
that the functioning of vital organs/systems, 
especially the central nervous system and the car-
diovascular system, is impaired in the shocking 
production of these inflammatory cytokines 
(Bahrami et  al. 2020; Jahanshahlu and Rezaei 
2020a; Saleki et  al. 2020; Yazdanpanah et  al. 
2020b). Moreover, immune cells having the 
responsibility of viral clearance show markers of 
exhaustion during the disease course. Therefore, 
there has been an increasing interest in identify-
ing critical inflammatory targets and evaluating 
the adoptive transfer of immune cells as potential 
therapeutic opportunities (Fathi and Rezaei 
2020a; Basiri et  al. 2020b; Jahanshahlu and 

Rezaei 2020b; Mansourabadi et al. 2020; Pashaei 
and Rezaei 2020). However, the heavy burden of 
the pandemic (Rezaei 2020a) and the concern 
that it tends to stay (Jabbari and Rezaei 2020) 
have attracted much attention from other disci-
plines around the possible ways and means for 
prevention and management of the disease, too 
(Sahu et al. 2020; Moazzami et al. 2020; Rabiee 
et al. 2020; Mohamed et al. 2020; Momtazmanesh 
et al. 2020; Moradian et al. 2020).

13.4  Conclusion

Aging affects the immune system function, there-
fore increasing the risk of infection and adverse 
outcomes. Moreover, aging is a significant risk 
factor for chronic comorbidities that can put an 
aged person in a fragile state. Old patients with 
COVID- 19 tend to develop severe illness and 
have a higher risk of death. They also are more 
likely to have abnormal laboratory findings and 
extensive pulmonary lesions. Old age and pre- -
existing chronic diseases such as hypertension, 
cardiovascular diseases, COPD, and diabetes can 
increase the risk of mortality. It is important to 
consider mild or atypical symptoms in the setup 
of an early diagnostic assessment of COVID-  19 in 
an old patient. Monitoring and controlling under-
lying illness might help to have a better outcome 
in old patients with COVID- 19.
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