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Abstract
The outbreak of the coronavirus disease 2019 (COVID-19), caused by the novel severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2), has become an evolving global health crisis. Currently, a number of risk factors have been identified 
to have a potential impact on increasing the morbidity of COVID-19 in adults, including old age, male sex, pre-existing 
comorbidities, and racial/ethnic disparities. In addition to these factors, changes in laboratory indices and pro-inflammatory 
cytokines, as well as possible complications, could indicate the progression of COVID-19 into a severe and critical stage. 
Children predominantly suffer from mild illnesses due to COVID-19. Similar to adults, the main risk factors in pediatric 
patients include age and pre-existing comorbidities. In contrast, supplementation with a healthy diet and sufficient nutrition, 
COVID-19 vaccination, and atopic conditions may act as protective factors against the infection of SARS-CoV-2. COVID-
19 vaccination not only protects vulnerable individuals from SARS-CoV-2 infection, more importantly, it may also reduce 
the development of severe disease and death due to COVID-19. Currently used therapies for COVID-19 are off-label and 
empiric, and their impacts on the severity and mortality of COVID-19 are still unclear. The interaction between asthma and 
COVID-19 may be bidirectional and needs to be clarified in more studies. In this review, we highlight the clinical evidence 
supporting the rationale for the risk and protective factors for the morbidity, severity, and mortality of COVID-19.
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Introduction

The coronavirus disease 2019 (COVID-19) pandemic, 
caused by severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2), has led to high morbidity and mortal-
ity worldwide. As of December 19, 2021, COVID-19 has 
affected more than 273 million people and has led to the 
death of over 5.3 million [1]. SARS-CoV-2 infection may 
remain asymptomatic in the early stages, until the emergence 
of severe pneumonia, dyspnea, organ dysfunction, and even 
death [2]. Although all ages can be affected, the infection 
has a lower clinical impact on children than on adults. Most 
infected children appear to have a milder course and bet-
ter clinical outcomes. As the COVID-19 pandemic evolved, 

infections, hospitalizations, and deaths have varied among 
and within countries and regions worldwide, prompting 
questions about risk and protective factors for COVID-19.

With millions of confirmed cases worldwide, a com-
prehensive understanding of the risk and protective factors 
for COVID-19 will be helpful for the prevention of disease 
infection, progression, and adverse outcomes in infected 
patients. Based on current evidence, risk factors for devel-
oping COVID-19 in adults range from demographic factors, 
such as older age, male sex, and ethnicity, to the presence of 
underlying diseases such as cardiovascular diseases, hyper-
tension, and chronic obstructive pulmonary disease (COPD) 
[3]. Similarly, it has been reported that younger children 
and specific comorbidities such as obesity are at higher risk 
for infection and potentially more severe consequences of 
COVID-19 [4–7]. In addition to these factors, the major 
risk factors for the severity and mortality of COVID-19  
also include laboratory indices, pro-inflammatory cytokine 
levels, and complications [8–11]. In contrast, healthy diet/
nutrition, COVID-19 vaccine, and atopic conditions may 
protect us from the disease and avoid progression and  

 * Ya-dong Gao 
 gaoyadong@whu.edu.cn

1 Department of Allergology, Zhongnan Hospital of Wuhan 
University, Donghu Road 169, Wuhan 430071, Hubei, China

2 Hubei Province Key Laboratory of Allergy and Immunology, 
Wuhan University, Wuhan 430071, Hubei, China

http://crossmark.crossref.org/dialog/?doi=10.1007/s12016-022-08921-5&domain=pdf


91Clinical Reviews in Allergy & Immunology (2023) 64:90–107 

1 3

poor clinical outcome [12–14] (Fig. 1). The role of cur-
rent therapeutic treatments for COVID-19 and asthma 
is still under debate. Important questions remain regard-
ing the underlying mechanisms. In this review, we sum-
marize the current information on the risk factors and 
protective factors for morbidity and severity/mortality of 
COVID-19 in adults and children. The correlations and 
potential mechanisms of risk factors and protective factors 
against COVID-19 in adults and children are summarized  
in Tables 1 and 2.

Risk Factors for Susceptibility to COVID‑19 
in Adults

Older Age

As a vulnerable population group with decreased efficacy of 
the immune system, elderly people tend to have higher odds 
of developing infectious diseases [15]. A meta-analysis of 
59 studies comprising 36,470 patients showed that patients 

aged 70 + appear to have a 65% higher risk for COVID-19 
(RR: 1.65, 95% CI: 1.50 to 1.81) [16]. The epidemic data 
from China, Italy, Japan, Singapore, Canada, and South 
Korea showed an age-dependent disparity in susceptibility 
to COVID-19. Age dependence in susceptibility to COVID-
19 was markedly lower in younger age groups in all regions, 
from 21% in those aged 10–19 years to 69% in those aged 
over 70 years. The relative susceptibility to infection was 
0.40 (0.25–0.57) in children aged 0–9 years, compared with 
0.88 (0.70–0.99) in those aged 60–69 years [17]. Similarly, 
in another study examining SARS-CoV-2 epidemiology in 
China, compared to the susceptibility in individuals aged 
60–69 years, the relative susceptibility was 0.06 in chil-
dren and adolescents aged 0–19 years, 0.34 in adults aged 
20–29 years, 0.57 in adults aged 30–39 years, 0.69 in those 
aged 40–49 years, 0.79 in individuals aged 50–59 years, 0.94 
in elderly individuals aged 70–79 years, and 0.88 in indi-
viduals aged ≥ 80 years [18]. This evidence proved that age 
may be a risk factor in the epidemiology of this infection.

Elderly individuals often have more comorbidities. In addi-
tion, weaker immune defense against infectious diseases and 

Fig. 1  Part of the protective and risk factors of COVID-19. Healthy 
diet, sufficient nutrition, atopic conditions, and COVID-19 vaccination 
are protective factors against the infection and development of COVID-
19. Increased anti-inflammatory cytokines and decreased ACE2 
expression may contribute to the protective effect of these factors. Also, 
induction of antibody response and T-cell activation by COVID-19 
vaccination may also help in avoiding the infection, progression, and 
poor clinical outcome. On the contrary, old age, male sex, pre-existing 

comorbidities, and racial/ethnic disparities are risk factors for the mor-
bidity of COVID-19. In addition, increases in the several laboratory 
indices and pro-inflammatory cytokines, as well as possible complica-
tions, could indicate the progression of COVID-19 into a severe and 
critical stage. Elevated expression of ACE2 and TMPRSS2, as well as 
the increase of pro-inflammatory cytokines, may underlie the predispo-
sition. ACE2, angiotensin-converting enzyme; TMPRSS2, transmem-
brane protease serine 2
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Table 1  Risk and protecting factors and their correlations with the infection and severity of COVID-19 in adults

Risk factors for COVID-19 infection Correlations

Older age • Weaker immune defense against infectious pathogens [19]
• Associated with more comorbidities [19]
• Aging-related chronic pro-inflammatory status of the immune system with persistent low-grade 

innate immune activation [8]
Male sex • Weaker immunity due to genetic and hormonal factors [8]

• Normal serum testosterone level may foster viral entry into host cells and facilitate systemic 
dissemination of SARS-CoV-2 [20, 21]

• Lifestyle that predisposes to infection (such as smoking) [8]
• Higher levels of ACE2 on the endothelium of the pulmonary vessels [19]

Pre-existing comorbidities • Weaker immune defense [19]
• Pro-inflammatory status of the immune system [19]

Racial/ethnic disparities • Difference in the essential workforce services, poverty, access to healthcare, and insurance [22]
• Increase the potential exposure to SARS-CoV-2 and community transmission and delay the time 

from symptom onset to hospitalization [22]
• Inequality in healthcare utilization [22]

Healthcare workers (HCWs) • Higher exposed viral load
• Increased viral exposure time

Protective factors for COVID-19 infection Correlations
Diet and nutrition • Cathelicidins and defensins result from the consumption of vitamin D can reduce viral replication 

rates and the levels of pro-inflammatory cytokines (e.g., IL-1, IL-6, IL-8, IL-12, and TNF-α) [23, 24]
• Adequate vitamin D level may help to protect the respiratory epithelium from pathogenic 

invasion [12]
• Vitamin C can help reduce levels of pro-inflammatory cytokines (e.g., TNF-α and IL-10) [25]

Vaccines • More efficient production of neutralizing antibodies against SARS-CoV-2 at the beginning of 
the infection due to the larger number of activated B cells [26]

• More effectively trained and sustained innate immunity [13]
Atopic conditions • Lower expression of ACE2 receptor caused by type 2 inflammation [27]

• Lower IFN-α production [26, 28]
• Protective role of eosinophils in the airway [26, 28]

Risk factors for the severity and mortality 
of COVID-19 disease progression

Correlations

Older age • High prevalence of comorbidities [8]
• Decreased reserve capacity of vital organs [19]
• Weaker immune defense [8]
• Higher SARS-CoV-2 viral load [8]
• Persistent low-grade innate immune activation [19]
• Higher levels of pro-inflammatory cytokines [8]

Male sex • Lower testosterone levels in aged and comorbid men may lead to male hypogonadism and 
induces cardiovascular events, exaggerating immune system, and coagulative response [20]

• Higher frequency of underlying diseases such as type II diabetes and cardiovascular diseases 
[29]

• Lower antibody production and delayed viral RNA clearance [29]
• Higher risk of cytokine storm [29]

Pre-existing comorbidities • Sustained low level of immunity status reduces the resistance to virus infection [8, 30]
• Previous organ damage promotes the progression of COVID-19 [11]

Laboratory indices • Significantly elevated inflammatory markers suggest a hyperinflammatory state in patients with 
severe disease [31]

• May indicate the association with co-infection [31]
Pro-inflammatory cytokines • Significantly higher levels of circulating IL-6, IL-8, IL-10, IL-2R, and TNF-α in severe cases 

[32]
• Cytokine storm can develop a rapid inflammatory signaling cascade and lead to fatality in severe 

cases [33]
• Deficiency in IFN-I response [8]

Complications • Hypoxemia, acute respiratory distress syndrome (ARDS), metabolic acidosis, coagulopathy, 
and septic shock may cause loss of normal organ function (include hepatic, cardiovascular, and 
pulmonary function) [34–36]
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aging-related chronic pro-inflammatory status of the immune 
system with persistent low-grade innate immune activation 
may increase tissue damage caused by infections in the elderly 
[19]. In addition, higher levels of pro-inflammatory cytokines 
with increasing age may contribute to the development of this 
disease [8].

Male Sex

Males are predisposed to SARS-CoV-2 infection. Initial 
pandemic reports from China indicated that men accounted 
for ~ 60% of COVID‐19 patients [37, 38]. A meta-analysis 
of 59 studies comprising 36,470 patients showed that men 
had a higher risk of infection, disease severity, intensive 
care unit (ICU) admission, and death than women. Overall, 
men had a statistically significant 8% higher risk of being 
diagnosed with COVID-19 than women (RR: 1.08, 95% CI: 
1.03 to 1.12) [16]. In another study, among 4,880 patients 
with respiratory symptoms or close contact with COVID-
19 patients, 1,875 (38%) tested positive for SARS-CoV-2 
infection, and the positive percentage was 40.43% in men, 
significantly higher than that in women (36.71%) [39].

It has been suggested that compared to female sex, the 
different effects of hormones in inflammatory processes, dif-
ferences in levels of cell receptors (angiotensin-converting 
enzyme, ACE2) and molecules that facilitate SARS-CoV-2 
entry through virus-cell membrane fusion (transmembrane 
protease serine 2, TMPRSS2), and lifestyle differences (such 
as smoking) in males may account for the predisposition of 
males to COVID-19 infection [8].

Pre‑existing Comorbidities

Previous findings have indicated that patients with under-
lying comorbidities are more vulnerable to COVID-19, as 
their underlying diseases predispose them to infection. A 
significant proportion of COVID-19 patients are reported 
to suffer from other pathophysiological conditions [40]. In 
the initial cohort of 1,590 COVID-19 patients from China 
[41], Guan et al. reported that 399 (25.1%) patients had at 
least one comorbidity, while 130 (8.2%) patients had two 
or more comorbidities. Hypertension (16.9%), diabetes 
(8.2%), cardiovascular diseases (3.7%), and chronic kidney 
disease (1.3%) were the most common comorbidities in all 
COVID-19 patients. Chen et al. [42] also reported that 51% 
(50/99) of COVID-19 patients in their cohort had comorbidi-
ties, including cardiovascular or cerebrovascular diseases 
(40.4%), diabetes (12%), digestive system diseases (11%), 
and malignant tumors (0.01%).

A study reported that the cardiovascular system may be 
the main target of SARS-CoV-2, and cardiovascular dis-
eases were the most common comorbidities in all phases 
of COVID-19 infection [43, 44]. As SARS-CoV-2 infection 
is capable of inducing endothelial inflammation in various 
organs due to both viral infection and the host’s own immune 
response [45], patients with cardiovascular disease could be 
more susceptible to COVID-19 infection.

For patients with cancer, a recent study compared data 
from both COVID-19 negative and positive cancer patients 
in the UK [46]. Of the 2,152 cancer patients included in the 
study, 190 (9%) were infected with SARS-CoV-2. Patients 
with hematological cancer were at a higher risk of developing 

Table 1  (continued)

Risk factors for COVID-19 infection Correlations

Protective factors for the severity and 
mortality of COVID-19 disease progres-
sion

Correlations

Vaccine • Induction of neutralizing antibodies [13]
• Establishment of immune memory, including T-cell activation [13]

Table 2  Risk factors and their correlations with the infection and severity of COVID-19 in children

ACE2 angiotensin-converting enzyme, IL interleukin, IFN interferon, TNF tumor necrosis factor

Risk factors for the infection and severity of 
COVID-19

Correlations

Age (infants and/or older adolescents) • Immaturity of the immune system [47]
• Lower likelihood of wearing face masks and the subsequent high viral load [47]
• Minimal or lower pre-existing immunity to help protect against severe lower respiratory 

illness due to SARS-CoV-2 [48]
Pre-existing comorbidities • Weaker immune defense [5–7]

• Sustained lower level of immunity status reduces the resistance to virus infection [8, 30]
• Previous organ damage promotes the progression of COVID-19 [13]
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COVID-19 than those with solid malignancies. This differ-
ence may be due to the impaired SARS-CoV-2-specific anti-
body response in patients with hematological malignancies, 
compared to those with solid malignancies [49]. Increased 
expression of cellular receptors may also account for the 
higher susceptibility to SARS-CoV-2 infection in patients 
with comorbidities. Singh et al. [40] recently observed ele-
vated expression of ACE2 in many pathological conditions, 
such as leukemia, lung cancer, breast cancer, cervical cancer, 
non-alcoholic fatty liver disease, psoriasis, and pulmonary 
arterial hypertension. In addition, the level of TMPRSS2 was 
found to be upregulated in leukemia, lung cancer, and type 
II diabetes [40].

Racial/Ethnic Disparities

Many studies have attempted to reveal the different preva-
lence of COVID-19 among different races and ethnicities. 
According to a systemic analysis including studies con-
ducted in the USA, African-American/Black and Hispanic 
populations experienced higher rates of SARS-CoV-2 
infection and COVID-19-related mortality compared with 
non-Hispanic White populations, and Asian populations 
appeared to have similar rates of infections, hospitalizations, 
and deaths as non-Hispanic White populations [50]. The 
American Heart Association’s COVID-19 Cardiovascular 
Disease Registry study [51] recently reported that Hispanic 
and Black patients accounted for more than half of patients 
hospitalized with COVID-19, and the Black and Hispanic 
patients represented more than half of all in-hospital deaths, 
indicating that these populations are more likely to be hos-
pitalized with SARS-CoV-2 infection and therefore bear a 
disproportionate burden of COVID-19 mortality. In addi-
tion, Asian patients had a higher probability of experiencing 
greater COVID-19 cardiorespiratory disease severity than 
non-Hispanic White patients [51].

The disparities in the susceptibility and mortality of 
COVID-19 in different races/ethnicities may be caused 
by the representation of the essential workforce services, 
poverty, access to healthcare, and insurance, which may 
increase the potential exposure to SARS-CoV-2 and com-
munity transmission and delay the time from symptom onset 
to hospitalization for individuals other than the non-Hispanic 
White population [22].

Healthcare Workers (HCWs)

Frontline HCWs are one of the groups with the highest risk 
of SARS-CoV-2 infection, as their daily work requires close 
personal exposure to COVID-19 patients. In addition, the 
possibility that infected HCWs could potentially contrib-
ute to exacerbating the chain of transmission in hospitals 
and outside health facilities made this group of individuals 

more distinctive [52]. During the early phase of the COVID-
19 pandemic, it was suggested that frontline HCWs may 
account for a high rate of all diagnoses [53, 54], which may 
be due to the shortage of personal protective equipment 
(PPE) or inadequate disinfection protocols.

The results of a prospective population-based self- 
report study [55] using data from a smartphone-based appli-
cation enrolled more than 2 million consecutive users in 
the UK and USA and suggested that frontline HCW had 
an approximately threefold increased risk of reporting a 
positive COVID-19 test and predicted COVID-19 infec-
tion, compared with the general population, and the HCW 
who worked in an in-patient setting and nursing homes had 
the greatest risk. The re-use of PPE or inadequate PPE may 
account for the subsequent increased risk of COVID-19 in 
frontline HCWs [55]. In contrast, a large retrospective cohort 
study investigated the proportions of infection, hospitaliza-
tion, and ICU admission due to COVID-19 in 72,909 indi-
viduals and found that there was no significant difference 
in the odds of having a positive COVID-19 test between 
HCWs and non-HCWs. Moreover, HCWs had lower odds of 
subsequent hospitalization. For those who tested positive for 
SARS-CoV-2, no significant differences were found in ICU 
admission rates between HCWs and non-HCWs [56]. This 
is in line with the conclusion from another meta-analysis, 
which reported that the outcomes of COVID-19 in HCW 
remained markedly better than those in the general popula-
tion [57].

As expected, with the ongoing pandemic, implementation 
of risk-mitigation measures, sufficient availability of PPE, 
proper quality of PPE, and establishment of mandating pro-
tective protocols against COVID-19 infections have led to a 
decrease in infections among HCWs [58].

Protective Factors for COVID‑19 Infection

Diet and Nutrition

An appropriate and healthy diet is thought to be a protective 
factor against COVID-19. Micronutrients (vitamins C and 
D, and minerals), proteins, dietary fiber, short-chain fatty 
acids, and omega-3 polyunsaturated fatty acids may have a 
positive effect during COVID-19 infection and potentially 
improve the prognosis of COVID-19 [8].

Vitamin D plays an important immunomodulatory role 
in the innate and adaptive immune systems. One of its 
most important functions is the downregulation of pro-
inflammatory cytokines, such as interleukin (IL)-1, IL-6, 
IL-8, IL-12, and tumor necrosis factor (TNF)-α [23]. A 
recent study [59] demonstrated that serum levels of 25-OH-
vitamin D were lower in severe COVID-19 patients than in 
mild patients and in non-infected controls, suggesting that 
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vitamin D insufficiency may favor SARS-CoV-2 infection 
and COVID-19 progression to critical illness. Moreover, 
vitamin D level was inversely correlated with the clinical 
outcomes of COVID-19, independent of inflammatory mark-
ers (e.g., IL-6 and C-reactive protein [CRP]), age, or the 
presence of major comorbidities such as obesity, diabetes, 
and hypertension. This conclusion is in line with those of 
previous studies [60, 61]. Conversely, vitamin D supplemen-
tation may reduce the risk of infection and death from infec-
tious disease, and adequate vitamin D levels may help in 
protecting the respiratory epithelium from pathogenic inva-
sion, thereby decreasing the risk of infection [12]. Vitamin C 
also has an immunomodulatory effect by reducing the levels 
of pro-inflammatory cytokines (e.g., TNF-α) and increasing 
the levels of anti-inflammatory cytokines (IL-10). A case 
study reported that a patient with acute respiratory distress 
syndrome (ARDS) was successfully weaned from mechani-
cal ventilation after 5 days of treatment with high-dose 
vitamin C, yet antiviral medications were also administered 
[25]. Dietary insufficiency of vitamins and minerals has 
been observed in high-risk COVID-19 patients, such as the 
elderly, which may account for the increased risk of infection 
[24]. Diets with high percentages of processed food, together 
with a sedentary lifestyle, may increase the prevalence of 
hypertension and diabetes, which are risk factors for devel-
oping cardiovascular diseases, and in turn increase the risk 
of COVID-19 infection [62].

In conclusion, avoidance of nutrient deficiencies and 
practical, effective diet and nutrition may help strengthen 
the resilience of people to the COVID-19 pandemic. Cohort 
studies with a large sample size of COVID-19 patients are 
required to clarify the correlations between diet, nutrition, 
and COVID-19 hospitalization.

Vaccines

In this long-lasting pandemic, efficacious COVID-19 vac-
cination is the most critical strategy to induce a protective 
immune response and may thus be the only way to prevent 
the spread of infection and the progression to severe disease 
and death from this disease [63]. To date, 137 candidate 
COVID-19 vaccines are in clinical development, and 194 
are in preclinical development, using a range of vaccine 
platforms, including inactivated vaccines, live attenuated 
vaccines, viral vector-based vaccines, subunit (recombi-
nant protein) vaccines, DNA vaccines, and RNA vaccines 
[64]. Most COVID-19 vaccine candidates should potently 
induce robust antibody responses with neutralizing capacity 
to SARS-CoV-2 (neutralizing antibodies) against the spike 
protein, which ideally helps to protect vaccinated individuals 
from viral infection [13].

A study examined the safety, tolerability, and immuno-
genicity of CoronaVac (inactivated SARS-CoV-2 vaccine) 

in healthy adults aged 18–59 years and demonstrated that 
the seroconversion rate of neutralizing antibodies was 97% 
(114/117) in the 3 μg group, and 100% (118/118) in the 
6 μg group on day 28 after two doses of vaccine in the 
phase II trial. Similar results were found in healthy adults 
aged 60 years and older, with a seroconversion rate of 98% 
(96/98) and 99% (97/98) in the 3 μg and 6 μg groups, respec-
tively, on day 28 [65, 66]. Additionally, a recent preliminary 
report from Brazil also showed that CoronaVac significantly 
decreased the number of confirmed symptomatic cases of 
COVID-19 in HCWs [67].

Preclinical data of BNT162b2 (mRNA vaccine) showed 
no detectable viral RNA in bronchoalveolar lavage fluid or 
in nasal swabs in male rhesus macaques after challenge with 
SARS-CoV-2, which indicates that the vaccine protected the 
animal model from SARS-CoV-2 infection [68]. Further-
more, a trial in the USA showed that the administration of 
two doses of BNT162b2 or mRNA-1273 was 88.7% effective 
in preventing SARS-CoV-2 infection at least 36 days after 
the first dose [69]. Another study involving HCW and first 
responders in the USA showed an effectiveness of 90% in 
reducing RT-PCR-confirmed SARS-CoV-2 infection after two 
doses of mRNA vaccines [70]. Theoretically, the induction of 
immunological memory by the COVID-19 vaccine might play 
an important role in the prevention of re-infections. A recent 
pilot study showed that much higher levels of SAR-CoV-2 S 
protein-specific antibodies were produced after a single dose 
of BNT162b2 in individuals with prior COVID-19 in the past 
9–12 months, compared to those without prior infection, sug-
gesting that vaccination can boost immune memory and pre-
vent COVID-19 re-infection [71]. As reduction in infections 
requires regular testing of all subjects to detect subclinical 
infections, further investigations are required to optimize the 
vaccine candidates [13].

Currently, a large number of phase III and phase IV clini-
cal trials of various vaccine candidates are still ongoing, and 
more complete data are expected to reveal the protective 
effect of vaccines against SARS-CoV-2 infection, especially 
the performance against COVID-19 variants, and the dura-
tion of protection in real-world conditions.

Atopic Conditions

Atopic status is probably a genetic predisposition to produce 
a type 2 immune response upon exposure to environmental 
antigens. The association between atopic conditions, infec-
tion, and severity of COVID-19 has been studied by many 
researchers.

Keswani et al. [14] conducted a large two-site cohort 
study of 1,043 patients with RT-PCR-confirmed SARS-
CoV-2 infection, and the results showed that 24.6% 
(257/1043) cases had atopy conditions (defined as the pres-
ence of allergic rhinitis (AR) and/or eczema and/or food 
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allergy). In addition, atopy was associated with significantly 
lower odds and decreased duration of hospitalization for 
COVID-19 compared to non-atopic patients. As for the sub-
groups, AR and eczema patients had lower odds of COVID-
19 hospitalization, and AR was associated with reduced 
hospitalization duration and intubation rate. No difference 
in mortality was identified between patients with and with-
out atopic conditions. A retrospective study in Italy found 
a much lower occurrence of severe COVID-19 in patients 
with atopic disease than in non-atopic individuals, and the 
“protective” effect of atopic status against severe disease 
was evident in all age subsets [72]. In addition, data from a 
study in the USA supported the finding that no difference 
in severity of COVID-19 between those with and without 
pre-existing atopic diseases and food allergy may reduce the 
likelihood of hospitalization with COVID-19 [73].

The expression of ACE2 was previously found to decrease 
in individuals with atopy [27]. In addition, decreased ACE2 
levels were correlated with allergic sensitization, high lev-
els of total immunoglobulin E (IgE), and type 2 inflamma-
tory cytokines, such as IL-13 [74]. Thus, decreased ACE2 
expression in type 2 inflammation may be one of the under-
lying mechanisms for the protective role of atopy against 
COVID-19.

The effect of pre-existing asthma on COVID-19 infection 
and severity is still under debate, which will be discussed in 
a later section of this review.

Risk Factors for the Severity and Mortality 
of COVID‑19 Disease Progression in Adults

Older Age

Apart from the increased risk of COVID-19 infection, age is 
also considered to be a factor affecting disease progression 
and mortality risk among those infected. In previous stud-
ies, the proportion of infections that eventually progress to 
severe and critical disease, or death, increases rapidly with 
age, especially among those ≥ 50 years of age [54, 75, 76]. 
According to the data from 79,394 COVID-19 patients 
in China, the mortality rate for patients aged > 59 years 
was ~ 5.1 times higher than that of patients aged 30–59 years 
after symptom development [77]. In a meta-analysis involv-
ing 212 studies and 281,461 individuals from 11 countries/
regions, it was found that among patients with severe 
COVID-19, the pooled mean age was 60.4 years, and more 
than half (61%) were male [78]. Another meta-analysis also 
showed that COVID-19 patients aged > 70 years appear to 
have a higher risk of severe disease, need for intensive care, 
and death [16].

As mentioned above, aging is usually associated with 
a high prevalence of comorbidities and decreased reserve 

capacity of vital organs, which may lead to increased frailty. 
In addition, an aged immune system and higher SARS-
CoV-2 viral load in elderly individuals may put them at risk 
of a poor outcome and higher risk of mortality when infected 
with COVID-19 [8].

Male Sex

Previous studies have shown that men are predisposed to 
being more severely affected by COVID-19. A meta-analysis 
of 59 studies comprising 36,470 patients [16] showed that 
men experienced more severe disease than women (RR: 
1.18, 95% CI: 1.10 to 1.27). Moreover, the rate of ICU in 
COVID-19 patients was higher among men. Furthermore, 
it was observed that men were at a higher risk of death from 
COVID-19 than women (RR: 1.50, 95% CI: 1.18 to 1.91) 
[16]. Li et al. conducted a meta-analysis of 281,461 indi-
viduals and found among patients with severe COVID-19, 
61% were men. In addition, more males were in the severe 
group (60.8%, 95% CI: 57.2–64.2) than in the non-severe 
group (47.6%, 95% CI: 44.9–50.4) [78].

The increased severity and mortality of COVID-19 in 
men may imply an underlying biological mechanism. Usu-
ally, men tend to be associated with unhealthy lifestyles, 
such as smoking, and more comorbidities. Although the 
effect of smoking on the severity of COVID-19 remains 
unclear, COPD, which can be caused by long-term smok-
ing, has been reported as a risk factor for severe disease or 
death from COVID-19 [79]. Elevated expression of ACE2 
receptor in the airway epithelia [80] and the increased likeli-
hood of exacerbations caused by respiratory virus infection 
may put COPD patients at a high risk of the progression of 
COVID-19 [81].

In comparison to estrogen, testosterone may predispose 
men to COVID-19 infection. Low testosterone levels in 
aging hypogonadal males may exacerbate the severity of 
COVID-19 [20]. Apart from anatomical, lifestyle, behavio-
ral, comorbidities, and socioeconomic differences between 
men and women, the protective role of X chromosome and 
hormones in innate and adaptive immunity may also pre-
dispose women to be less susceptible to viral infection than 
men [16, 82, 83].

Pre‑existing Comorbidities

Many studies have demonstrated that the presence of 
comorbidities is more common among patients with severe 
COVID-19, including cardiovascular diseases [84–86], 
hypertension [85, 87], diabetes [84–86], COPD [85–87], 
malignancy [86, 87], cerebrovascular diseases [85], and 
chronic kidney disease [88].
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A meta-analysis showed that the comorbidities of hyper-
tension, diabetes, and cardiovascular diseases conferred a 
higher risk of severe COVID-19, ICU admission, and over-
all fatal outcomes in patients across all age groups [89]. In 
addition, two studies reported that obesity (BMI ≥ 30) was 
associated with more severe disease and worse outcomes 
in COVID-19 patients [90, 91]. The detrimental restrictive 
ventilatory effects of abdominal fat, prothrombotic condi-
tions within the cardiovascular system, immune dysregula-
tion, chronic inflammation, highly expressed ACE2 in the 
epicardial adipose tissue, liver steatosis and abnormal liver 
function, lower vitamin D concentrations, and possible gut 
barrier leakiness are the potential biological mechanisms 
that cause the increased severity of COVID-19 in obese pop-
ulations [8]. The sustained low level of immunity in patients 
with diabetes and hypertension will lead to reduced resist-
ance to viral infections. Long-term diabetes and hyperten-
sion can damage the vascular structure and weaken the heart 
function, which makes these patients more likely to develop 
critical disease in COVID-19 [30]. Patients with cardiovas-
cular disease or related risk factors were at a significantly 
higher risk of poor clinical outcomes following COVID-19 
[89]. Patients with a history of cardiovascular disease were 
more likely to develop severe cases, as COVID-19 can pro-
mote acute cardiac injury [92].

COVID-19 is assumed to be able to damage organs 
including the liver, kidneys, heart, and other organs, and 
pre-existing comorbidities of these organs further promote 
the progression of COVID-19 and lead to severe and fatal 
outcomes [11]. Therefore, it is necessary to give special 
attention for disease prevention and control in these high-
risk populations with pre-existing comorbidities [78].

Laboratory Indices

The characteristics of severe COVID-19 infection include 
hyperinflammatory syndrome, cytokine storm, ARDS, and 
pulmonary, cardiac, and/or renal damage [11]. Meta-analyses 
of multiple studies have shown significant correlations between 
several laboratory factors and the severity and mortality of 
COVID-19. These laboratory parameters included the follow-
ing: (1) changes in blood cell counts, including increased leuko-
cyte and neutrophil counts, neutrophil-to-lymphocyte ratio, and 
decreased lymphocyte and eosinophil counts; (2) increase in the 
level of biochemical parameters: lactate dehydrogenase, CRP, 
procalcitonin, aspartate amino transferase, alanine aminotrans-
ferase, and blood urea nitrogen; and (3) changes in coagula-
tion indicators: decreased platelet counts, increased D-dimer, 
fibrinogen, change in prothrombin time (PT), and activated 
partial-thromboplastin time (APTT). These changes may be 
associated with an aggravated disease course of COVID-19 [8].

Patients with severe COVID-19 are characterized by 
lymphocytopenia (low CD3 + , CD4 + , and CD8 + T-cell 
counts), which may be caused by direct viral cytopathic 
effects, inhibitory effects of cytokines including TNF-
α, IL-6, and IL-10, and immune cell redistribution into 
the lungs and lymphoid organs [9, 93]. The decrease in 
CD4 + and CD8 + T cells may also be attributed to lym-
phocyte consumption during the infection process [2, 75, 
94, 95]. Many studies have demonstrated that eosinopenia 
is more prominent in patients with severe COVID-19 than 
in mild patients. We have also suggested that the degree  
of eosinopenia may serve as a potential predictive factor  
for the severity of COVID-19 [96, 97]. Coagulation fac-
tors are strongly associated with disease severity or fatal-
ity. A high incidence of thromboembolic events has been 
reported in deceased COVID-19 patients, which may be 
caused by COVID-19-triggerred coagulation disorders 
[98–100]. In addition, prolonged PT and APTT are associ-
ated with anticoagulants, coagulation factor deficiency, and 
fibrinolysis. A few studies have shown shortened PT and 
APTT in severe COVID-19 patients [10], while others have 
reported prolonged PT and APTT [101]. A recent meta-
analysis found no difference in PT and APTT between the 
severe and non-severe groups upon admission [98]. More 
clinical trials are needed to investigate the relationship 
between PT/APTT and COVID-19 severity. In summary, 
monitoring the above-mentioned changes in laboratory 
indices will be helpful for clinicians to improve treatment 
regimens, prevent disease progression, and reduce the risk 
of death from COVID-19.

Pro‑inflammatory Cytokines

COVID-19 can trigger a hyperinflammatory condition, 
which is potentially life-threatening and may lead to fatality 
in severe cases [102]. “Cytokine storm” usually takes place 
in patients at advanced stages of COVID-19 and develops 
a rapid inflammatory signaling cascade [33]. It occurs in 
response to sustained hyperinflammation and can cause 
hypercoagulability in the microvasculature, which then leads 
to tissue injury, disseminated intravascular coagulation, and 
subsequent multi-organ failure [103].

Severe COVID-19 is characterized by significantly 
increased levels of pro-inflammatory cytokines, which 
are produced by a dysregulated immune response [9]. 
Patients with severe COVID-19 had significantly higher 
levels of circulating IL-6, IL-8, IL-10, IL-2R, and TNF-α 
compared to mild-to-moderate cases [32]. As an inhibi-
tor of the inflammatory response, IL-10 can not only pre-
vent T-cell proliferation but also induce T-cell exhaustion 
in severe patients. Therefore, the elevated level of IL-10  
may lead to an impaired ability to clear viral infections 
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in severe patients due to the negative regulation of T-cell 
survival or proliferation [104]. Type I interferons (IFN-I) 
are vital for immunity against viral infections. However, 
coronavirus infection is considered to result in hyperin-
flammation induced by IFN-I [105]. Activation of IFN-I 
signaling pathways leads to a significant influx of neutro-
phils, inflammatory monocytes, macrophages, dendritic 
cells, and natural killer cells into the lungs. These infiltrat-
ing cells are the major source of inflammatory cytokines 
that trigger a cytokine storm [106]. Severe and critically 
ill COVID-19 patients may have impaired IFN-I activity. 
In older adults with high viral exposure, delayed IFN-I 
responses can  lead to viral persistence, inflammation,  
and severe disease [8].

Complications

For complications developed during the COVID-19 infec-
tion, organ failure [34], immunological dysfunction [34], 
acute liver injury [35], hypoproteinemia [35], ARDS [36], 
severe pneumonia [100], uncontrolled inflammation response 
[100], and hypercoagulable state [100] were found to have a 
significant impact on disease severity. In addition, acute kid-
ney injury, shock, cardiac death, thrombocytopenia, hypox-
emia, and dyspnea have also been identified as risk factors 
for COVID-19 mortality [11, 78]. Thus, early identification 
of complications and prompt intervention should be able to 
decrease COVID-19 mortality.

Protective Factors for the Severity 
and Mortality of COVID‑19 Disease 
Progression

Vaccine

An efficacious COVID-19 vaccine can reduce the severity 
of the disease resulting from SARS-CoV-2 infection. The 
protective effect of the vaccine should not depend solely 
on the induction of antibodies but also on the establish-
ment of immune memory, including the induction of T-cell 
activation.

Taking CoronaVac as an example, evidence has shown 
that after a SARS-CoV-2 challenge, CoronaVac was able 
to protect macaques from severe interstitial pneumonia, 
and no antibody-dependent enhancement of infection was 
observed [107]. In addition, the initial results investigating 
CoronaVac released by researchers in Brazil reported that 
the vaccine was 50.4% effective at preventing both severe 
and mild diseases in HCWs. Although the percentage is 
relatively lower than earlier trials conducted in Turkey and 
Indonesia (91.2% and 65.3% effective, respectively), no 
vaccinated HCW in this Brazil trial required hospitaliza-
tion due to COVID-19 [108].

In a phase III trial of 100  μg mRNA-1273 (mRNA 
COVID-19 vaccine) which included 30,420 adults with no 
known history of SARS-CoV-2 infection [109], 30 severe 
cases were reported in the placebo group, and none was 
reported in the mRNA-1273 vaccinated group after two 
doses of intramuscular administration, indicating 100% effi-
cacy in preventing severe COVID-19 of mRNA-1273. In 
addition, a phase II/III international trial of 30 μg BNT162b2 
(mRNA vaccine) [110] reported 10 cases of severe COVID-
19 in total after the first dose of vaccine administration, of 
which only one case in the vaccine group and the remaining 
nine in the placebo group.

A recent case series from the China Centers for Disease 
Control and Prevention reported three cases of COVID-
19 delta variant infection with and without vaccination in 
Chengdu City [111]. Two of the cases were vaccinated with 
two doses, whereas one case was not vaccinated. The IgG/
IgM/total antibody tests were positive for the two vaccinated 
cases on the 4th and 1st day, but negative for the unvac-
cinated case even on the 7th day, which suggested that the 
time from diagnosis to antibody positivity was shorter in 
vaccinated cases than in unvaccinated cases. In addition, the 
length of hospitalization was shorter in vaccinated patients 
than in unvaccinated patients. This information suggests that 
efficacious COVID-19 vaccines can rapidly alert the immune 
system to produce protective antibodies against the virus 
and reduce the duration of hospitalization due to infection.

Intriguingly, although the majority of the route of admin-
istration of the current COVID-19 vaccine is via intramus-
cular injection, other routes of administration are also under 
development, such as intranasal administration. Compared 
with the humoral and cellular responses induced by the 
injectable vaccine, the inhaled vaccine should be able to 
efficiently induce mucosal antibody response, thereby poten-
tially providing sterilizing immunity in the upper respiratory 
tract [112]. The beneficial effects of various vaccines on 
COVID-19 severity and clinical outcomes require further 
investigation in the duration of protection and establishment 
of immune memory in real-world studies.

Uncertain Factors

Therapeutic Treatments

Currently, no evidence-based strategy has been shown to be 
effective for the treatment of COVID-19. Most drugs cur-
rently used in clinical practice, including hydroxychloro-
quine/chloroquine (HCQ/CQ), lopinavir/ritonavir (LPV/r), 
arbidol, remdesivir, traditional Chinese medicine, and 
convalescent plasma (CP), are repurposed drugs initially 
designed for the treatment of other diseases and are aimed 
at improving the clinical outcomes of infected patients [113].
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According to a meta-analysis that included data from 
42 studies, HCQ treatment was not found to be associated 
with a lower risk of death compared to control groups, but 
it may be effective in terms of time for body temperature 
normalization and clinical symptom alleviation. It was 
assumed that HCQ could bring few benefits with respect 
to the incidence of severe COVID-19 and clearance of 
viral RNA, but was more likely to have adverse reactions, 
especially QT prolongation [114].

Several studies have concluded that no beneficial  
effect of HCQ or chloroquine was observed in patients 
hospitalized with COVID-19 on the risk of death, and 
probably no effect on progression to mechanical venti-
lation; in addition, adverse events are largely increased  
compared to placebo [115, 116]. Data from several trials 
showed that LPV/r did not decrease the time to clinical 
improvement compared with the standard care group, sug-
gesting a limited role of LPV/r in the treatment of COVID-19.  
Also, LPV/r and arbidol monotherapy did not significantly 
reduce the viral clearance time [117, 118]. In contrast, 
another study reported that patients receiving combined 
therapy with LPV/r and arbidol recovered successfully 
from COVID-19 [119].

A double-blind randomized trial [120] showed that intra-
venous remdesivir decreased the time to recovery in adults 
when compared to the placebo group, which suggested that 
remdesivir may reduce the mortality rate and adverse reac-
tions in severe patients, although some controversial results 
still exist [121, 122].

Several clinical trials have been conducted to assess the 
efficacy and safety of tocilizumab, an IL-6 receptor antago-
nist, in COVID-19. A Cochrane Database systemic review 
based on these trials concluded that tocilizumab [123] was 
able to reduce all-cause mortality at day 28 compared to 
standard care alone or placebo and may result in fewer severe 
adverse events (SAEs). However, the clinical improvement 
(defined as hospital discharge or improvement measured 
by trialist-defined scales) was negligible or absent in those 
treated with tocilizumab at day 28.

Nevertheless, a recent systematic review with meta-
analyses and trial sequential analyses including trials until 
November 2, 2020, revealed that no evidence-based treat-
ment currently exists for COVID-19, as very low certainty of 
evidence indicates that corticosteroids, remdesivir, intrave-
nous immunoglobulin (IVIG), tocilizumab, and bromhexine 
might reduce the risk of death, adverse events, and mechani-
cal ventilation [124]. Similarly, a recent international multi-
center trial involving patients from 30 countries investigated 
the effects of remdesivir, HCQ, lopinavir/ritonavir, and IFN-
β1a on COVID-19 treatment, and the results showed little 
or no effect of these drugs on the mortality of hospitalized 
COVID-19 patients [121]. However, the conclusive findings 
from this trial remain unclear.

Interestingly, one study using survival analysis confirmed 
that dexzopiclone, a commonly prescribed hypnotic drug 
for insomnia, was significantly associated with favorable 
outcomes in COVID-19 patients [125]. Favorable clinical 
outcomes were more prevalent among patients on hypnot-
ics compared to non-hypnotics, in non-severe (94.7% vs. 
88.5%), severe (95% vs. 74.6%), and critically ill (66.7% vs. 
13.0%) patients, indicating that hypnotics may be an effec-
tive ancillary treatment for COVID-19. With the administra-
tion of hypnotics, COVID-19 patients may be able to have 
better sleep quality and reduce stress during hospitalization, 
thereby enhancing the immune response and improving the 
survival and recovery of these patients.

Further wide and large-scale clinical trials are required to 
obtain more reliable findings regarding different therapies.

Asthma

Conflicting results have been reported regarding the asso-
ciation between asthma and COVID-19 susceptibility and 
severity. Similar to other infectious diseases affecting the 
lungs, asthma was once regarded as a potential risk fac-
tor for severe COVID-19 in several studies, as it is sus-
ceptible to viral-induced exacerbations [126–128]. An 
early case series of adults hospitalized with COVID-19 in 
14 USA states reported that asthma was one of the most 
prevalent comorbid conditions (prevalence = 17%) [129], 
and a higher asthma prevalence was observed in patients 
with COVID-19 in the first 393 consecutive patients 
with COVID-19 in New York City (prevalence = 12.5%), 
suggesting that asthma is more common in COVID-19 
patients [91]. However, despite a few studies describing 
a poor prognosis in COVID-19 patients who were asth-
matic, asthma has not been consistently identified as a 
significant comorbidity related to COVID-19. For exam-
ple, the initially conducted case series from China did 
not specify asthma as a risk factor for severe COVID-19 
[130, 131]. Instead, asthmatic patients were found to be 
at a reduced risk of COVID-19 hospitalization and sever-
ity in several large COVID-19 cohort studies [132, 133]. 
Furthermore, a recent meta-analysis including 161,271 
COVID-19 patients [134] showed that asthma as a pre-
morbid condition was present in only 1.6% of all patients, 
which is much lower than the prevalence of asthma in the 
general population worldwide [135]. These studies sug-
gest that asthma is more likely to be a protective factor 
against COVID-19. These inconsistent findings may be 
related to the heterogeneity of asthma endotypes (aller-
gic asthma vs. non-allergic asthma). A population-based 
prospective cohort study comprising 492,768 participants 
from the UK Biobank [131] showed a significantly higher 
risk of severe COVID-19 in non-allergic, but not allergic 
asthma patients. Another study also reported a prolonged 
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intubation time in COVID-19 patients with non-allergic 
asthma, but not in those with allergic asthma [14]. Abnor-
mal immune response occurring in the context of an aller-
gic condition and abnormal respiratory function has been 
suggested as an explanation for this association [136]. The 
conclusion is in line with previous findings, which suggest 
allergic asthma may not be a risk factor for COVID-19, 
particularly when it is well-controlled [14, 137]. These 
findings suggest a potential “protective” role of allergic 
asthma, whereas non-allergic asthma predisposes patients 
to COVID-19.

As for the underlying mechanisms, a study has dem-
onstrated a higher expression of TMPRSS2 in bronchial 
airway epithelium biopsies from asthmatic patients. This 
result indicates that once infected, a more efficient facilita-
tion of SARS-CoV-2 entry and enhanced internalization 
after receptor binding in the airway epithelium occurs in 
asthmatic patients, which may increase the susceptibility 
to faster progression of COVID-19 to more severe forms in 
asthmatic patients [138]. Sajuthi et al. also demonstrated 
that TMPRSS2 expression in airway epithelial cells was 
highly upregulated by type 2 inflammation mainly via the 
effect of IL-13 [139].

However, a decreased expression of ACE2 in asthmat-
ics, compared to healthy controls, has also been observed 
[140]. The limited expression of ACE2 on the target cells 
in asthmatic patients with COVID-19 may be caused by 
deficient IFN-I responses in these patients, as ACE2 is 
an interferon-stimulated gene in human airway epithelial 
cells [141]. Meanwhile, asthma with a higher allergic sen-
sitization was found to be associated with a lower expres-
sion level of ACE2 in the nasal and bronchial epithelium, 
indicating a decreased risk of COVID-19 susceptibility 
and severity in allergic asthma patients [27]. T helper 2 
(Th2)-skewed immunity may be protective against severe 
COVID‐19 disease due to the cross-regulation between 
allergic and interferon-mediated immune responses [142]. 
Additionally, the beneficial impact of the therapeutic use 
of inhaled corticosteroids (ICSs) in asthmatic subjects 
may also contribute to the reduction in the risk of hospi-
talization due to COVID-19 [143, 144]. In fact, a reduced 
expression of ACE2 and TMPRSS2 was observed in spu-
tum samples from asthmatic patients treated with ICSs 
[145, 146]. In addition, omalizumab, a monoclonal anti-
body for the treatment of asthma via blocking free IgE, 
can downregulate high-affinity IgE receptors on plasma-
cytoid dendritic cells (pDCs), which is essential for anti-
viral immune responses and reducing disease exacerbation 
[147, 148].

More comprehensive and in-depth immunological analy-
ses are needed to clarify the interactions of asthma with 
COVID-19 and the underlying mechanisms, which may be 
advantageous for future prevention and treatment strategies.

Risk Factors for SARS‑CoV‑2 Infection 
and Severity in Children

Compared to adult patients, currently available studies sug-
gest that the pediatric population is much less commonly 
and less severely affected by SARS-CoV-2, with approxi-
mately 5% cases and extremely low (0–0.69%) fatality rate 
[4, 149]. This may result from a healthier airway tract of 
the children, as they are less exposed to cigarette smoke and 
environmental pollution than adults and therefore stronger 
respiratory epithelial cells to defend against SARS-CoV-2 
[48]. In addition, a lower expression level of the ACE2 recep-
tor in the nasal epithelium in children may also contribute to 
the decreased susceptibility to infection and severity of dis-
ease [150, 151]. Children are protected against SARS-CoV-2 
probably because ACE2 is less mature at younger ages [149].

Currently, there are only limited studies concerning 
severe COVID‐19 in children. Evidence has shown that a 
few risk factors for infection and severity in adult COVID-19 
patients may also play a similar role in pediatric COVID-
19, including age and underlying chronic comorbidities [4, 
152–154].

Age

Age has been reported as an important factor associated with 
infection and severity in pediatric COVID-19 patients. In 
an early series of 2,135 COVID-19 children from China, 
children younger than 1 year accounted for 10.6% of the 
severe and critical cases, the highest percentage among all 
pediatric age groups [4]. These results suggest that young 
children, particularly infants, may be vulnerable to SARS-
CoV-2 infection. Similarly, in a large pediatric cohort study 
with over 36,000 pediatric cases of SARS-CoV-2 in Colo-
rado, USA, extremes of age (either < 3 months or > 20 years 
old) were found to be predictive of severe COVID-19 [5]. 
Another retrospective cohort study including 177 pediat-
ric and young adult COVID-19 patients from Washington, 
USA, also noted a bimodal distribution of patients: chil-
dren < 1 year of age and young adults > 15 years of age 
represented the highest proportion of patients within the 
hospitalized and critically ill cohorts [155]. The results of 
other studies also supported a U-shaped gradient of sever-
ity in children diagnosed with COVID-19: young infants 
and older adolescents were at higher risk of severe disease 
[154, 156, 157].

However, in contrast with the results from the reports 
mentioned above, which led to specific concerns regarding 
the young infant group, a French national prospective sur-
veillance of children hospitalized with SARS-CoV-2 infec-
tion suggested the lowest rate of severe forms of COVID-19 
in very young children (< 90 days), although they accounted 
for 37% of all hospitalized children [158]. This discrepancy 
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may be due to the various definitions of severe forms of 
disease in different studies.

Pre‑existing Comorbidities

As mentioned above, specific comorbidities are identified as 
risk factors not only for infection and admission to the ICU 
but also for mortality in adult COVID-19 patients. However, 
few studies have reported severe cases in pediatric patients.

Although children are less susceptible to COVID‐19, the 
pre‐existing comorbid conditions can predispose to severe 
disease within the population. A meta-analysis conducted 
by Tsankov et al. summarized the relationship between 
COVID-19 infection and pediatric comorbidities in 42 
studies containing 275,661 children [6]. The results showed 
that children with comorbidities had a relative risk ratio of 
1.79 for severe COVID-19 infection and 2.81 for COVID-
19-associated mortality, respectively.

A large cohort study in the UK included 26,322 young 
COVID-19 patients aged < 18 years and found that comor-
bidities associated with hospital admission included type 1 
diabetes, congenital heart disease, cerebral palsy, epilepsy, 
and sickle cell disease [7]. In addition, immunocompromised 
and gastrointestinal conditions have also been reported as 
predictors of admission [5].

Of note, as an increasingly common condition in children, 
obesity has been described as one of the most significant fac-
tors associated with mechanical ventilation in children aged 
2 years and older with COVID-19 [31]. Results from other 
studies also support the notion that obesity and type 2 dia-
betes are predictive of severe pediatric COVID-19 [5, 159]. 
Furthermore, other specific comorbidities were also found 
to be associated with more severe diseases in those hos-
pitalized with COVID-19, such as cardiovascular disease, 
malignancies, and immunosuppression [159–161]. Data 
from a European study demonstrated that the most common 
comorbidities associated with admission to pediatric inten-
sive care were chronic lung disease, congenital heart disease, 
neurological disease, or malignancy [154].

Asthma

Asthma was determined to be a common underlying medical 
condition in pediatric COVID-19 patients in some studies. 
Similar to the adult population, it is also currently unclear 
whether asthma could affect the infection and severity of 
COVID‐19 in children.

Few studies have demonstrated that asthma may be a 
potential risk factor for COVID-19 in children. Kelly et al. 
found that asthma was significantly associated with admis-
sion (aOR = 2.2) and the need for respiratory support among 
454 patients with SARS-CoV-2 infection [5]. In another 
cross-sectional study evaluating the impact of comorbidities 

on pediatric COVID-19 patients, it was reported that children 
with asthma were 4.1 times more likely to have moderate‐ 
severe COVID‐19 [157].

On the contrary, there is evidence showing that pediat-
ric asthma has no impact or even plays a protective role against  
the development of severe SARS-COV-2 infection. Cohort 
studies from the UK and Mexico found no significant asso-
ciation between asthma and hospital admission in pediatric 
patients [7, 162]. In addition, in a study involving more than 
19,000 COVID-19 patients who presented to the emergency 
department (ED) across 45 US children’s hospitals, asthma 
was found to be associated with an increased risk of hospi-
talization, compared to pediatric COVID-19 patients dis-
charged from the ED. However, asthma did not increase the 
risk of more severe diseases among hospitalized patients 
[159]. Similarly, in a Washington cohort study, although the 
most frequent underlying diagnosis in the overall group was 
asthma (35/177; 20%), the proportion of children and young 
adults with asthma in the hospitalized (16%) or critically ill 
cohort (22%) was not significantly higher than that in the 
non-hospitalized cohort (21%) or non-critically ill cohort 
(14%) [155]. The results from a cohort study by Floyd et al. 
showed an inverse association between pediatric asthma and 
COVID-19 hospitalization [163].

Several mechanisms have been proposed for the poten-
tial protective effect of asthma against hospitalization and 
severity of COVID-19, including lower IFN-α production, 
the protective role of eosinophils in the airway, the daily 
protective behaviors of these patients, and the antiviral and 
immunomodulatory effects of asthma control medication 
(such as inhaled steroids) [26, 28]. Furthermore, type 2 
inflammation-induced under-expression of ACE2 receptor 
and increased TMPRSS2 expression in nasal and bronchial 
epithelial cells in children with type 2 rhinitis and asthma 
may also contribute to the protective role of asthma and 
atopy against SARS-CoV-2 [27, 74]. More in-depth research 
into the relationship between childhood asthma and COVID-
19 is required.

Laboratory Indices

Normal or increased leukocyte count, decreased lymphocyte 
counts, significantly elevated inflammatory markers (CRP, 
procalcitonin, lactate dehydrogenase, and D-dimer), elevated 
platelet count, and other laboratory parameters were noted 
in children who developed severe COVID-19, compared to 
mild and moderate forms of the disease [157, 158, 164–166]. 
This is similar to findings in adults. Furthermore, a signifi-
cant decrease in T-cell subsets and low levels of complement 
C3 and C4 in the acute stage of the disease were also found 
to be associated with the severity of COVID-19 in children 
[167]. These laboratory indices may help determine the 
severity of the disease in pediatric patients.
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Conclusion

This comprehensive review summarizes the potential risk 
and protective factors for COVID-19 infection, severity, and 
mortality in both adults and children. In adults, demographic 
factors such as older age, male sex, ethnicity, and pre-existing 
comorbidities are thought to be risk factors for disease devel-
opment and severity. Laboratory indices and complications 
developed during hospitalization may be predictive factors 
for the severity and mortality of COVID-19. A healthy diet, 
sufficient supply of nutrition, vaccination, and atopy may be 
protective factors against infection and progression of the 
disease. The roles of several factors, such as therapeutic treat-
ments and asthma, are currently uncertain, with conflicting 
results. In children, infection is generally less prevalent and 
severe than in adults. Younger children and pre-existing 
comorbidities such as obesity have a predisposition to critical 
illness following infection with COVID-19; thus, additional 
care of these populations may be required.

Further studies are warranted to identify other potential 
risk and protective factors for COVID-19 and clarify the 
underlying mechanisms in order to improve the manage-
ment of patients with COVID-19 and to help in the develop-
ment of new forms of treatment. Standardized studies with 
a large sample size are urgently needed to inform stratified 
approaches to rapidly protect the population groups at risk.

Currently, the variant strains of SARS-COV-2 are 
imported into many countries and exert a great threat to the 
prevention and control of COVID-19. Further studies exam-
ining the epidemiology and impact of these variants and the 
effects of vaccination are urgently needed.
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