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Review

Susceptibility/manifestations of different age groups with various 
comorbidities to COVID-19 infection
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Abstract

The COVID-19 pandemic has taken a great toll on many families. From its rapid spread to 
debilitating outcomes, the virus has wreaked havoc on healthcare systems around the world. 
As researchers study this novel virus, the public continues to seek more information on who is 
the most susceptible and which population will be affected by the more severe manifestations 
of the disease. As a result, scientists have started analyzing the variable effects of COVID-
19 infection in different age groups. While the information is still nascent, these studies 
demonstrate that no one is immune, that all are susceptible to infection by this virus, and that 
certain demographics of the general population have more severe disease than others. This 
literature review examines how COVID-19 has affected different age groups, from neonates to 
older adults, by exploring statistics, mechanisms, and possible risk factors. This article will also 
investigate the role of comorbidities in increasing the severity of this viral infection.
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Introduction

Different age groups historically have been shown 
to be differentially affected by infectious diseases. For 
example, during the Spanish flu of 1918, children were 
not significantly affected, while young adults were 
severely harmed. In the H1N1 influenza outbreak, 
the age span widened to include a population from the 
ages of 5–59 years old. Other infections, such as polio, 
presented less in neonates and more in adolescents. 
Across various diseases, children have been noted 
as being more resilient than other age groups. This 
may be due to the increased activation of their innate 
immune system and healthier respiratory tracts.1 

During the SARS epidemic, individuals who were 
25 years old or younger were less affected by the 

respiratory illness than those above the age of 60. In 
fact, the mortality of infected patients rose to greater 
than 50% in older populations. This age-based sus-
ceptibility was also seen in murine models of the 
disease. Researchers noted that at younger ages 
(2 months old), mice were resistant to the virus (mouse 
adapted SARS-CoV, MA15). However, at 8–9 months, 
there was increased mortality, especially in male mice. 
This increased mortality demonstrated significant age 
(greatly affects older mice) and sex (greatly affects 
males) dose response.2 

Coronavirus

Coronaviruses (CoV) are a group of RNA viruses 
that can affect both humans and animals. With spike 
projections that extend from the surface of the virus, 
coronaviruses have a corona or crown-like appear-
ance.3 This family of RNA viruses has four major 
groups: α, β, ε, and γ; the α and β groups of coronavi-
ruses can infect humans.4 The world has experienced 
the effects of this family of viruses, especially in the 
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SARS-CoV (severe acute respiratory syndrome coro-
navirus) of 2003, a viral respiratory illness that caused 
severe respiratory tract infections.5 SARS-CoV repli-
cated in the respiratory tract and within alveolar cells. 
It promoted an enhanced pro-inflammatory response 
that caused pulmonary damage due to increased 
inflammatory macrophages and neutrophils in the 
lungs.2,6 Patients who were severely affected by SARS 
had a rapid innate response and a dampened adaptive 
response; those who survived SARS had an increase 
in their adaptive response.7

COVID-19

The novel COVID-19 disease caused by the 
SARS-CoV-2 virus presents with many similarities 
with SARS-CoV of 2003. COVID-19 is hypothesized 
to have “jumped” from bats to humans at Wuhan’s 
wet markets in the last quarter of 2019.4 With a basic 
regeneration number of 2.2, COVID-19 is an infectious 
disease with a long incubation period; it has strong 
human to human transmission and is spread through 
respiratory droplets from infected individuals. This virus 
appears to be more virulent in the lower respiratory  
tract.1,8

SARS-CoV-2 is a single stranded RNA virus with 
a length of 29,903 base pairs.9 The genome has a 
large 5’ open reading frame with 16 enzymes for viral 
replication. A third of the genome, at the 3’ end, con-
tains attachment and structural proteins, such as the 
spike, membrane, and nucleoproteins. There are many 
accessory proteins interspersed in this segment of the 
genome that have a role in subverting the host defense, 
in causing deleterious inflammation, and in stimulating 
apoptosis of host cells.7

The spike protein is a homotrimer glycoprotein that 
is integral to the virus’s ability to get into cells. It has 
two functional units, S1 and S2, that act as a binding 
region and a binding regulator, respectively. Different 
regions on the S1 recognize different types of recep-
tors. SARS-CoV-2 has a furin cleavage site between 
its S1 and S2 domains, which differentiates it from 
SARS-CoV and increases its potency. Its trimer has 
multiple different structures that can bind with recep-
tors, thus adding to virulence. In contrast, other viruses 
in the family have only one closed trimer state.10

Mechanism of invasion/infection

To infect humans, the spike protein on SARS-CoV-2 
particles binds to the angiotensin converting enzyme 
2 (ACE2) receptor. The ACE2 receptors are found in 
mucosal cells exposed to air, such as the nose, eyes, 
and mouth.8 It is a carboxy peptidase that degrades 
angiotensin 2 made by angiotensin converting enzyme 
1 (ACE1).11 Therefore, ACE1 and ACE2 are counter-
balancing enzymes.12 Angiotensin 2 can cause fluid 
accumulation in the pulmonary alveoli due to its role in 
reducing clearance of fluid and can increase the death 
of endothelial cells, which, in turn, promotes vascular 
permeability.11 

A type 1 membrane protein, ACE2 is bound by 
SARS-CoV-2 and downregulated. This downregulation 
increases angiotensin 2 production by ACE.5,6 Along 
with fluid, immune agents also enter the lungs due to 
increased vascular permeability. These natural inflam-
matory agents’ invasion into lung tissue as an attempt to 
protect the host can cause lung damage and cell death.11 
Figure 1 depicts the virus’s mechanism of action.
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Figure 1.  1) The virus enters the lungs through 
respiratory droplets. 2) The ACE2 receptor is 
downregulated upon binding of the virus. The components 
of the virus enter the cell and undergo replication and 
maturation. 3) The downregulation of ACE2 increases the 
activity of ACE1. 4) Increased ACE1 activity increases 
angiotensin 2 production Angiotensin 2 activates type 1a 
receptors and increases vascular permeability.
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In general, viral infections, such as SARS-CoV-2, 
can cause pulmonary damage and acute respiratory 
distress syndrome (ARDS) by creating a cytokine 
storm or Cytokine Release Syndrome (CRS) which 
presents like secondary hemophagocytic lymphohis-
tiocytosis and can cause multiorgan failure. Many 
severe COVID-19 cases have a cytokine storm con-
sisting of interleukins and TNF-alpha.6

After the virus binds to the ACE2 and enters the 
cell, its RNA is replicated. The spike protein, enve-
lope, and membrane travel to the endoplasmic reticu-
lum of the infected cell where the virus matures and is 
assembled to be pushed out via exocytosis.3 

Coronaviruses are recognized by the toll-like 
receptor 7. The sensors, RIG1 and MDA-5, are acti-
vated by the cellular damage caused by the virus. The 
T-cells are primed when sensors react to viral peptides. 
Both T cells, CD8+ and CD4+, promote viral clearance 
by killing virions and mounting an antibody response.7 
The antibody response from the host searches for and 
binds to the S2 domain of the spike protein.10 Both 
the CD8+ T cells and the neutrophils that migrate due 
to the chemoattractant IL-8 can cause extensive lung 
damage.13 The sensors also increase Type 1 inter-
feron and cytokines. The interferons inhibit virus rep-
lication and are most effective in the early response 
process. If this is delayed, the same interferons can 
cause deleterious effects by damaging the host cells.7 

Radiology can be used to diagnose and track the 
progression of COVID-19. Ground-glass opacities and 
notable septal thickening are seen in the images of 
COVID-19 patients. The right lower lobe is preferen-
tially targeted; however, as the disease progresses, 
the patient eventually shows bilateral pulmonary dam-
age. The ongoing disease progression in the lungs 
can precipitate acute respiratory distress syndrome 
(ARDS).14 

In a study of 54 COVID-19 patients, investigators 
found that many criteria used for sepsis evaluation 
can also be applied to severe cases of COVID-19. 
Indicators, such as macrophage activation syndrome, 
low human leukocyte antigen D related expression 
(HLA-DR), low numbers of CD4, CD19, and NK cells, 
were seen in 28 COVID-19 patients who had severe 

respiratory failure. The virus inhibits HLA-DR expres-
sion, a molecule on CD14 monocytes that serves 
as an indicator for immune dysregulation. The virus 
upregulates expression of IL-6 and TNF-alpha, which, 
in turn, downregulate host defenses, such as lympho-
cytes and HLA-DR expression. This dysregulation can 
be identified by increased levels of circulating ferritin. 
Reduction of HLA-DR expression correlates with the 
onset of severe respiratory dysfunction. Furthermore, 
those infected with COVID-19 had high levels TNF-
alpha and IL-6. In addition, IL-6 levels increased with 
disease severity and reduced HLA-DR expression and 
lymphocyte counts.7,15 

Adverse outcomes correlated with age, comorbid-
ities, and sex. Furthermore, if patients at the time of 
admission had increased D-dimer (greater than 1 μg/
mL), they were more likely to have severe complica-
tions and eventually die.16 Patients who had severe 
cases of COVID-19 also had lymphopenia.13,16

While many symptoms and transmission methods 
may be similar, the patient population and latency of 
SARS-CoV-2 differ from SARS-CoV. First, COVID-19 
has a broader susceptible population. People who 
have not been previously infected are all suscepti-
ble to this novel viral infection. Second, while SARS 
patients presented symptoms within 1 to 4 days, 
COVID-19 infections have a longer latency period, 
taking on average 3–7 days for symptoms to man-
ifest. Furthermore, there is a higher male to female 
ratio (2.7:1) infection rate in COVID-19 that does not 
occur in the 2003 SARS (1:1.25).5 Third, COVID-19 
virus binds to ACE2 more efficiently than SARS-CoV.5

This literature review will analyze how aging and 
comorbidities correlate with COVID-19 outcomes. 
By studying the similarities and differences in viral 
progression across ages/lifespan and by investigat-
ing associated medical conditions and their roles in 
increasing risk for adverse outcomes, this article will 
try to explain how COVID-19 infection affects different 
segments of the general population.

COVID-19 infection in neonates

Infants as young as 30 hours old have tested pos-
itive for COVID-19.8 While all children are susceptible 
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to COVID-19, very young children, especially those 
under the age of 1, have been critically ill from COVID-
19.4 The source of COVID-19 infection in neonates has 
not been extensively studied. Conclusive evidence 
of vertical transmission from mother to child has not 
yet been reported.17 Researchers searched for evi-
dence of vertical transmission by looking at outcomes 
in pregnant women who contracted COVID-19 in the 
third trimester of pregnancy. Pregnant women can be 
more susceptible to respiratory infections since they 
are immunosuppressed. In addition, the symptoms of 
COVID-19 are not tolerated well in pregnant women.18 

In a study of 9 pregnant women with no under-
lying medical conditions, 2 of the 9 patients experi-
enced fetal distress but none (neither mother nor 
child) suffered any lasting or life-threatening prob-
lems. All these patients underwent caesarean deliv-
eries because physicians were unclear whether there 
could be intrapartum transmission from mother to child 
during a vaginal delivery. COVID-19 was not found in 
any intrauterine samples, including the amniotic fluid 
and cord blood, or in the neonatal throat swab. The 
study postulates that if contracted in the third trimes-
ter, COVID-19 may not have vertical transmission to 
neonates. Vertical transmission during the first and 
second trimester has not been extensively studied. 
The researchers also noted that post-partum breast 
milk tested negative for COVID-19. Studies testing 
viral transmission via the vaginal mucosa have not 
yet been done.18 

ACE2 is highly expressed in the placenta and in 
fetal organs, such as the fetal heart, liver, and lung. 
Components of the placenta, such as the cytotroph-
oblasts and the syncytiotrophoblast, and components 
of the decidua, all contain ACE2 receptors. The extra- 
villous trophoblast, however, does not have receptors 
for ACE2. Researchers hypothesize that the expres-
sion of ACE2 at the placenta and decidua increase 
during pregnancy. These findings indicate that pla-
centa and decidua can be infected by the virus. 
Furthermore, ACE2 expression in fetal organs, espe-
cially the neonatal lung, increases susceptibility of the 
baby to the virus. Even though previous studies have 
not shown any evidence for vertical transmission, the 
possibility does exist. Previous studies are limited 
because the data include only pregnant women who, 

in their third term, contracted the virus. The time from 
onset of illness to delivery was also very short.19 Some 
studies have also noted an increasing risk in preterm 
neonates and possible fetal distress when mothers 
are infected with COVID-19.20 

COVID-19 infection in children

As the pandemic unfolded, preliminary statistics 
gave a false belief that older children were immune 
to COVID-19. A Chinese study of 72,314 subjects 
noted only 0.9% of 44,672 confirmed COVID-19 cases 
involved children under the age of 10 years old. In 
Italy, only 1.2% of 22,512 COVID-19 cases were in 
young patients.21 By March 2020, however, German 
researchers noted that there was an increasing risk for 
children under the age of 6 for severe disease progres-
sion. As of April 6, 2020, there were 33 children in 21 
German clinics who were hospitalized due to COVID-
19. In fact, 45% of these cases (15/33) were infants 
and newborns.22 As more new data are collected, the 
belief that children are immune to COVID-19 is incor-
rect. On a positive note, compared to adults, children 
are statistically less likely to suffer adverse outcomes 
due to COVID-19. Italian health officials noted that 
young adults and children in their country were not 
dying from COVID-19 infections.21 

However, children are just as susceptible to this 
viral infection as other age groups.23 Children can 
also be more exposed to the virus because they lack 
the proper protective equipment.8 Furthermore, since 
the majority can’t be advocates for their own health 
and due to the lack of asymptomatic testing, the 
spread of COVID-19 in children may be greatly under- 
reported.8,17 Pediatric patients, with their developing 
immune systems, can be very susceptible to upper 
respiratory tract infections in general.24 

From a study of 2,135 pediatric patients (with 
only 1 child mortality), researchers have shown that 
pediatric patients, while susceptible, are less likely 
to have adverse outcomes from the virus than other 
age groups.4 Respiratory manifestations of COVID-
19 infection are less severe in children than in adults. 
They can present with the symptoms, such as dif-
ficulty breathing, fever, and a persistent cough, but 
most cases were largely asymptomatic or had mild 
symptoms.21 In addition, children tend to recover 
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within 1 to 2 weeks of onset even if there is increased 
disease severity and progression.23,25 

The difficulty with identifying COVID-19 in pediat-
ric patients is differentiating it from other respiratory 
illnesses found in these patients. Most young patients 
studied had been co-infected with other organisms. 
Radiology and blood work can characterize viral pro-
gression in pediatric patients. In pediatric computed 
tomography (CT), subpleural infiltrates and ground 
glass opacities were noted, and consolidation was 
seen as the disease progressed. When the patient was 
severely affected by the virus, the infiltrates and consol-
idations were found diffusely in both lungs. As patients 
recovered, the ground glass opacities and consolida-
tions slowly decreased and could be completely reab-
sorbed in some patients.24 Both children and adults 
show a similar progression in CT scans. Children have 
normal C-reactive protein, ALT, and myocardial enzyme 
levels on lab tests.9

Children may also have a longer incubation period 
after being infected by COVID-19. The average incu-
bation period in children is almost 1 day longer than 
in adults (6.5 days vs. 5.4 days). In children, intestinal 
survival of the virus can be quite long. For example, 
anal swabs tested positive for the virus in children for 
up to 51 days.8 As a result, children may increase the 
spread of this viral infection with their close contacts 
due to the largely asymptomatic nature of the disease 
and the extended incubation period.8,17

Immunocompromised children and children with 
prior lung disease, such as a previous respiratory 
tract infection, had a more difficult time controlling the 
infection.17,21 For example, children with juvenile idio-
pathic arthritis are immunocompromised and thus are 
more susceptible to infections in general.3 

COVID-19 infection in adults

As of February 2020, mortality in adults over the 
age of 80 has been reported by the WHO-China fact 
finding mission at approximately 21.9%. Other studies 
from China have placed patients above the age of 80 
at having a mortality of 14.5%. In the United States, the 
fatality rate for adults over the age of 85 was similarly 
high (10%–27%).26 The majority (80%) of American 
deaths due to COVID-19 has occurred in the older 

populations (>65 years of age).7 The rate of hospital-
ization in older patients has increased during March 
2020 to 17.2 adults for every 100,000 Americans.27 

Older adults, especially those in nursing homes, 
are the most affected by the virus due to advanced 
age, increased viral spread risk, and difficulty in early 
recognition of symptoms. Older patients often have 
compromised immune systems due to pre-existing con-
ditions, such as hypertension, diabetes, and renal and 
respiratory diseases. In general, as one ages, there is 
an increase in comorbidities and underlying conditions. 
These medical comorbidities tax the immune system 
making the body more susceptible to infection and 
serious complications when infected. The CDC states 
that 63.1% of adults in the U.S. have hypertension, 
38.0% have chronic kidney disease, and 26.8% have 
diabetes.26 In a study of 191 patients from the Wuhan 
and Jinyintan Hospitals, the median age was 56 years 
old and most were males. Around 50% of patients had 
underlying conditions, such as hypertension. Sepsis 
was the most common complication seen with adverse 
COVID-19 outcomes. Other complications included 
ARDS and systemic shock. Ten out of 32 patients who 
had to be intubated and did not survive were infected 
by a ventilator-associated pneumonia.16

Another recent study that surveyed 1,482 patients 
with confirmed COVID-19 during March 2020 noted that 
74.5% of patients were older than 50. A large proportion 
of these (89.3%) had one or more medical comorbidities. 
Hypertension at 49.7% was the leading underlying con-
dition in patients with COVID-19. Obesity and chronic 
pulmonary disease follow closely at 48.3% and 34.6%, 
respectively. Other associated risk factors included dia-
betes and cardiovascular disease.27 Pulmonary fibrosis 
(PF) can be a component of lung tissue consolidation 
that leads to ARDS in COVID-19. Pulmonary fibrosis 
has developed in the lungs of COVID-19 patients, and 
there is a positive correlation between disease duration 
and extent of fibrosis. Angiotensin-converting enzyme 
2 (ACE2) expression also directly correlates with PF, 
and cells that express ACE2 appear to contribute to PF 
development. The likelihood of PF increases with age 
and tends to be higher in males.28 

Medications used in comorbidities can have a 
significant role in changing the body’s response to 
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COVID-19. ACE2 expression is increased in diabetic 
patients (types 1 and 2), especially in patients on ACE 
inhibitors (ACEI) and angiotensin II blockers (ARBs). 
Similarly, hypertension is treated with ACE inhibitors 
and ARBs. Increased ACE2 could increase suscepti-
bility to COVID-19.29 However, use of ACEI and ARBs 
can provide a protective role from adverse outcomes 
by inhibiting the renin-angiotensin system (RAS). The 
inhibition by ACEI and ARBs reduces angiotensin 2 
production, thus decreasing the inflammatory cytokine 
activity. Researchers have noted improved outcomes 
in a small study of 417 COVID-19 patients in Shenzen 
Third People’s Hospital taking these antihypertensive 
medications. However, the small size of this study lim-
its global validity of this finding and more research into 
ACEI and ARBs must be done in larger populations.30 

Nonsteroidal anti-inflammatory drugs (NSAIDs) 
increase ACE2 expression in diabetic rats. Therefore, 
it has been suggested NSAIDs increase ACE2 and 
increase susceptibility and mask symptoms of COVID-
19, such as fever, that could help with early diagno-
sis.6 Corticosteroids (CS) inhibit the patient’s immune 
system during responses to pathogens and also delay 
infection clearance.6 This class of anti-rheumatic drugs 
makes patients more vulnerable to infection from other 
diseases. It has been shown that patients who receive 
prednisone, an immunosuppressant and TNF inhibitor, 
were at a higher risk for infections. Similarly, the British 
Society for Pediatric and Adolescent Rheumatology 
also noted that methotrexate users had a higher inci-
dence of infection.3 As a result, rheumatoid patients 
are particularly susceptible to infectious disease due to 
their medication regimen, and because viral infections 
(even though more commonly bacterial infections) can 
cause flare ups of their autoimmune disease.6

However, it may be too soon to conclude that immu-
nosuppression leads directly to severe outcomes. In 
a systematic review of immunosuppressed patients, 
researchers noted that patients who were immuno-
suppressed made up a small portion of the overall 
COVID-19 cases and may have better outcomes than 
patients with other comorbidities seen in most COVID 
patients. This study combined a variety of sources, 
from case series to retrospective studies, and col-
lected data on 110 patients, mostly from China. Most 
of these were cancer patients; the rest of the patients 

were either immunodeficient or post-transplantation 
recipients. Results showed that 20.9% (23) of the 
patients died, 8.2% (9) reached composite outcome 
of death or ICU admission, and 65.5% (72) of the 110 
immunosuppressed COVID-19 positive patients did 
not require ICU beds but were admitted to the inpa-
tient service/wards or discharged from the hospital.31

Preliminary data show that COVID-19 positive 
pediatric and adult cancer patients, transplant patients, 
and immunosuppressed patients do not seem to fol-
low the pattern that infectious disease outbreaks neg-
atively affect immunocompromised patients more than 
normal patients. Their immune status does not nec-
essarily correlate with a poor prognosis or increased 
morbidity and mortality based on the current data 
from MERS-CoV, SARS-CoV, and SARS-CoV-2 infec-
tions.31 Although cancer is considered the most severe 
of the immunosuppressed diseases (transplantation, 
immunodeficiency from other conditions), the progno-
sis was not as poor as expected. Cancer patients tend 
to be older and immunosuppressed, but other risk 
factors, such as obesity, DM, cardiovascular disease, 
male sex, and age in combination seem, to present 
more risk than immunosuppression alone. These 
results, however, are limited by a small sample size, 
low number of pediatric patients (only 4), and an une-
qual sampling of those having immunocompromised 
conditions (i.e., cancer vs post-transplantation).31 

Other risk factors contributing to COVID-19 infec-
tion include close proximity living quarters that can 
add to the viral spread. For older adults living in 
nursing homes, the large number of staffing person-
nel and frequent visitors can also increase the inci-
dence of the virus infecting nursing home residents/
staff.32 French researchers have postulated that the 
basic regeneration number (R0 value) may be higher 
in these facilities due to the combination of compro-
mised immunity and close inhabiting quarters.33

Furthermore, infectious symptoms may present 
atypically or may be difficult to distinguish and recog-
nize early in elderly patients.7 Older adults do pres-
ent with fever, cough, pain, and difficulty breathing. 
However, these are similar symptoms that are already 
common in the elderly due to pre-existing conditions. 
Over time, those patients who progress into the critical 
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stages of COVID-19 have shown a greater likelihood 
of organ damage, such as kidney or lung injury, 
causing acute respiratory distress. Chest x-rays of 
COVID-19 of older patients demonstrate ground glass 
opacities and consolidations with bilateral pulmonary 
distribution.26

In King County in Washington state, 57 % of res-
idents (13/23) in a nursing home tested positive for 
COVID-19. Of these infected patients, 77% (10/13) 
developed symptoms. In Seattle, 101 nursing home 
residents tested positive for COVID-19, and 33.7% 
died. The Morbidity and Mortality Weekly report noted 
an almost doubling in ICU admission and Case Fatality 
Rates (CFR) in older adults in over just 1 month this 
year (February 12–March 16). Older patients who 
become symptomatic are more likely to require admis-
sion to the hospital and even to the ICU than younger 
adults. In addition, older adults are also more likely to 
develop ARDS than younger patients.32 

COVID-19 infection-mechanistic differences 
across age groups

Research has shown a possible difference in 
ACE2 expression across different ages. Some investi-
gators have noted that ACE2 has a spike in its expres-
sion in days 1–3 of life.19 Other researchers have seen 
similar trends in mouse models. Studies in mice also 
demonstrate a decrease in expression until adoles-
cence, after which ACE2 is expressed again. This can 
be a possible explanation for the higher susceptibility 
to COVID-19 in neonates as compared to older chil-
dren.13 However, not all literature sources agree on 
the age-dependent expression of ACE and ACE2.12 

 Besides ACE2 expression, the neonate’s immune 
system is still immature, and this can contribute to 
increased COVID-19 susceptibility. When a baby is 
born, there is a reduced CD8+ T cell count. As the 
cytotoxicity of CD8+ cells are important in virus clear-
ance, neonates, who have fewer cytotoxic CD8+ cells, 
are more likely to be hospitalized due to COVID-19 
infection.13 In addition, the level of IL-6 is lower in neo-
nates than in any other age groups, and they have a 
high quantity of ICAM-1, an adhesion molecule that 
promotes neutrophil migration to the lungs. However, 
when compared to adults, neonates have much lower 

numbers of neutrophils due to their nascent immunity 
pool. In a study of 92 patients with ARDS, neonates 
were more likely to have severe disease than other 
age groups. However, while these neonatal patients 
were the most susceptible, they had a lower death 
rate (older adults had the highest mortality).12 

There are a few hypotheses to explain why older 
children may have less severe infections with COVID-
19 than other age groups. One interesting theory is 
that the binding of COVID-19 to the ACE2 in children 
may be reduced, possibly due to immature ACE2 
receptors.4 The ACE2 has greater expression in well- 
differentiated ciliated epithelial cells. Children have 
less differentiated cells than adults. Therefore, younger 
patients tend to have reduced ACE2 expression com-
pared to older patients.13 Another postulation points 
to the heightened immune state that children possess 
since they are continuously exposed to new infections. 
As a result, their young bodies might have better host 
defenses against COVID-19 infection.4,13 

As one gets older, the immune system ages with the 
body such that it clears viruses more slowly (Figure 2). 
People over the age of 60, even without comorbidities, 
have an almost 25 times increased risk of mortality 

Neonate 

Children 

Older Adults 

• Immunosenescence
• Less production of new T-cells and B-cells.
• Glycoprotein impairment on T-cells
• Greater inflammatory response and delayed
  adaptive response. 

• Maturing immune system
• Ability to fight off virus increases 

• Increased ACE2 expression for first few days
• Immature immune system
• Low CD8+
• Low IL6
• High ICAM-1     

Figure 2.  Maturation of the immune system.
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than younger adults. Furthermore, this mortality risk 
increases with underlying conditions, such as cancer 
and pneumonia. As the thymus involutes with aging 
and ceases in its immunogenerative role, T-cell and 
subsequent memory cell generation in turn decreases. 
This subsequently reduces the efficacy of vaccines 
in older patients. The change in immunity is named 
immunosenescence and results in a poor response to 
new antigens and increased inflammatory and autoim-
mune reactions to invading pathogens.34

Furthermore, with aging there is a decrease in the 
ability to make new cells from the bone marrow. Such 
an age related change impairs the adaptive immune 
response due to a reduction in the generation of T 
and B cells.35 As one gets older, there is a shift toward 
maintenance of existing T-cell diversity and reduced 
capacity to make new disease specific T-cells.13 This 
decrease in diversity also occurs in the B cell pool 
as there are fewer nascent B cells and more disease 
exposed B cells.35 From a decrease in both new T-cell 
and B cell production, to an age related decline in 
maintenance of T-cells by lymph nodes, aging reduces 
the ability of a coordinated defense against pathogens 
in the older body.7

Glycoproteins on the surface of T-cells also may 
be reduced as one gets older, which leads to reduced 
function of these T-cells. In addition, CD4+ cells also 
lose their ability to control their inflammatory response 
to stimulation. The inability to discern correct induc-
tion of specific genes, such as STAT1 and not SHP-
1, reduces their ability to mount an adaptive immune 
response since they spend less time in secondary lym-
phoid organs after exposure to an antigen. As patients 
age, their inflammatory response becomes paradox-
ically deleterious as it is relied upon more heavily to 
clear pathogens. Thus, the IL-6 levels become very 
high. Overall, older patients, in their natural reaction 
to pathogens, have extended innate responses and 
delayed adaptive responses.7,35 

In addition, older patients have delayed interferon 
surges. While it is also important to note that corona-
viruses have adapted to delay the surge of interferon, 
other markers in adult COVID-19 patients show the 
vulnerability of an aged immune system. For example, 
there is an increase in NK group 2 member A, which is 

a marker for T-cell exhaustion. This exhausted state 
reduces the response to infection, thus allowing for 
the disease to further propagate.13 

Other factors contributing to the increased sus-
ceptibility of the aged body to infection include associ-
ated medical diseases. Therefore, the immune system 
becomes greatly taxed by the increasing comorbidi-
ties as one gets older. Of those who have medical 
conditions, 45.4% of patients who contract COVID-19 
are at risk for serious complications. As patients age, 
the likelihood of serious complications rises to 80.7%. 
The case fatality rate in China for adults with medical 
comorbidities was much higher than for those with-
out. As the number of chronic conditions increases, 
the potential for grave complications rise as well. The 
Centers for Disease Control and Prevention has identi-
fied smoking, obesity, diabetes mellitus, hypertension, 
high cholesterol, and cancer as chronic comorbidities 
that can contribute to a higher risk for complications.36 

Patients with underlying medical conditions, such 
as hypertension and diabetes, already have an over-
active renin-angiotensin system (RAS) that can be 
amplified by the virus.11 The RAS system is made up 
of multiple components that help maintain homeosta-
sis. Specifically, ACE/ATII/AT1R promotes vasocon-
striction, inflammation, and fibrosis. In contrast, ACE2/
Ang1-7/Mas promotes vasodilation, anti-inflammation, 
and anti-fibrosis.37 The dysregulation of the RAS 
system caused by COVID-19 can set off an extreme 
inflammatory response that can affect multiple organ 
systems. As such, ACE2 expression due to comorbid-
ities also can result in an increased susceptibility to 
COVID-19. The ACE2 level is high in the adipocytes 
of diabetics and obese patients, which could increase 
the risk of COVID-19 infection. Similarly, adiponectin 
levels are higher in those with less body fat mass and 
is negatively correlated with COVID-19 severity (less 
severe manifestations). The relationship between 
RAS and COVID-19 is an area for further study as 
more information becomes available.28 

Limitations

This review is limited by the current available sci-
entific literature and by shifting conclusions as a result 
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of newer data. As an emerging virus, COVID-19 infec-
tion evidence is still being collected and published. 
With the small sample sizes included in English pub-
lications, common themes seem to appear but are not 
entirely conclusive. Furthermore, as additional clinical 
cases emerge, researchers are finding different, some-
times conflicting, information. As a result, this area of 
study is still developing and needs more time for data 
to develop for conclusions to be definitively drawn. 

Conclusions

The COVID-19 pandemic has brought many nations 
and health care systems to their breaking points. From 
the rapid viral spread to the difficulty in controlling the 
virus, COVID-19 has greatly impacted all populations 
in the world. As it is still unfolding, researchers are try-
ing to gather as much data as possible to explain this 
novel virus’s potency and to understand how to protect 
the public since no one is immune. This review has 
found that all ages of the population are susceptible 
to the virus; however, an aging and/or compromised 
immune system increases the likelihood of an adverse 
outcome.
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