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Abstract
The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) outbreak started with the detection of an increasing number
of pneumonia cases of unknown origin in Wuhan, China, since December 2019. The disease caused by SAS-CoV-2 was
subsequently named coronavirus disease 2019 (COVID-19). Currently, the ongoing COVID-19 pandemic poses a global health
concern with more than 28.9 million confirmed cases, taking away the lives of more than 900,000 people worldwide. To prevent
further spread of the disease, an understanding of the clinical characteristics and how the disease spread is essential, especially for
an emerging disease like COVID-19. Individuals who are infected with SARS-CoV-2 show diverse clinical features, and the
disease severity can range from asymptomatic to death. The disease has been shown to affect not just the respiratory system but
also other systems of the body. This review will discuss the pulmonary and extra-pulmonary clinical manifestations of COVID-
19 in general, as well as the clinical characteristics in different groups of patients such as children, the elderly, pregnant women,
patients with comorbidities and those with a compromised immunity. It will also critically examine existing evidence from
relevant studies and discuss the SARS-CoV-2 outbreak from an epidemiological perspective.With the easing of control measures
in many countries after months of lockdown, it is important to revisit the lessons learnt from research, as the world enters a new
normal with the coexistence of SARS-CoV-2.
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Introduction

In public health, battling life-threatening emerging diseases is
always challenging as much has yet to be learnt and discov-
ered about these diseases. The recent ongoing coronavirus
(CoV) outbreak is caused by a novel CoV initially named
2019-nCoV, first identified in Wuhan, Hubei Province,
China, with increasing number of pneumonia cases being de-
tected in December 2019. The problem has escalated and
drawn international attention due to the rapid spread of the
disease in China and other parts of the world. As a result of
the increasingmagnitude of the global health threat, theWorld
Health Organisation (WHO) has declared the 2019-nCoV as a

global health emergency on 31 January 2020 [1]. The virus
was later renamed as severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) by the International Committee on
Taxonomy of Viruses (ICTV) and the WHO announced that
the disease caused by the virus is to be called coronavirus
disease 2019 (COVID-19) on 11 February 2020 [2]. The out-
break has alarmed scientists and healthcare professionals,
government authorities and the World Health Organisation,
with the burning needs to come up with plans and policies
for diagnosis, case management, surveillance and risk man-
agement, as well as infection prevention and control.

In response to the rapidly growing number of confirmed
cases and deaths, somemeasures taken by the Chinese author-
ities include the quarantine of millions of its citizens with the
unprecedented lockdown of many cities, in an attempt to con-
tain the virus and slow down the spread of the disease [3]. On
the other hand, as early as end of January or early February
2020, some countries like Australia and the USA have im-
posed travel bans on China, whereas some other countries
have cancelled flights fromChina, which plunge the latter into
deepening isolation as a result of the outbreak. Major
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companies like Google and Facebook have banned travel to
China while Apple and Starbucks have shut their stores in the
country [4]. The lockdown and travel bans have a huge impact
on the global economy as such a rare, abrupt and open-ended
freeze out involving a vital economic centre like China is
likely to lead to detrimental economic effects that ripple across
the world.

On 11 March 2020, WHO declared the COVID-19
outbreak a pandemic [5]. As of 13 September 2020,
there have been over 28.9 million confirmed cases and
more than 900,000 deaths reported since the SARS-
CoV-2 outbreak [6]. The number of publications on
various aspects of the SARS-CoV-2 outbreak is on the
rise since early 2020. New information and discoveries
are being added to the published literature as there is a
growing body of research in an attempt to unveil the
mysteries of the novel coronavirus and to better under-
stand the new pathogen. This review aims to discuss the
clinical and epidemiological aspects as well as the trans-
mission dynamics of the SARS-CoV-2 outbreak. Thus
far, the clinical features of COVID-19 have been de-
scribed by many. However, the current review will ex-
amine the clinical features observed in different catego-
ries of patients such as children, the elderly, pregnant
women, the immunocompromised as well as patient
with comorbidities to illustrate the diversity of the clin-
ical presentation of COVID-19.

Epidemiological Parameters

Success in the control of an outbreak often lies in the under-
standing of how the disease gets from one individual to an-
other. Interesting and valuable information can be deduced or
inferred from several epidemiological parameters. This is im-
portant from a public health perspective, as knowledge on
these epidemiological parameters of the disease helps provide
insights concerning the appropriate control measures to be
used in order to contain the disease and prevent further spread.
This section will discuss the various parameters that are relat-
ed to the transmission of a contagious communicable disease
such as COVID-19.

Incubation Period

In a study analysing the first 425 confirmed cases in Wuhan
by 22 January 2020, Li et al. reported that prior to January
2020, 55% of the cases were linked to the Huanan Seafood
Wholesale Market in Wuhan, whereas such linkage was ob-
served in only 8.6% of subsequent cases. Among these cases,
there was a mean incubation period of 5.2 days (95% confi-
dence interval [CI], 4.1 to 7.0), with the 95th percentile of the
distribution at 12.5 days. The epidemic was shown to double

in size every 7.4 days in its early stages. Findings of the study
indicate the evidence of human-to-human transmission among
close contacts since mid-December 2019. Due to its earlier
link to the Huanan Seafood Wholesale Market in Wuhan
and high genomic similarities between SARS-CoV-2 and
bat coronaviruses, it has been suggested that COVID-19 is a
disease of zoonotic origin with animals such as bats as the
reservoir of SARS-CoV-2 [7].

In another study, Chen et al. investigated 99 patients
consisting of 67 men and 32 women with 2019-nCoV pneu-
monia in Wuhan Jinyintan Hospital from 1 January to 20
January 2020. It was shown that 49% (n = 49) of the patients
had an exposure history to the Huanan Seafood Market. The
average age of these patients was 55.5 years (SD 13.1 years)
[8]. Laeuer et al. analysed 181 cases occurring before 24
February 2020 outside the province of Hubei, in which 108
were from outside China. Most of these cases either had a
travel history to Wuhan or had contact with travellers from
the region. An estimated median incubation period of 5.1 days
(95% CI, 4.5–5.8 days) was reported. By 11.5 days (95% CI,
8.2–15.6 days), 97.5% among those infected had showed
symptoms of infection. The study also reported that to capture
> 99% of symptomatic cases, a monitoring duration of >
14 days was required [9].

Serial Interval

The serial interval (also known as generation time, Tg) refers
to the average duration taken from the time an individual
being infected to the time he/she infects others. An empirical
estimate of Tg can be obtained by observing the time from
illness onset of a primary case (infector) to the secondary
case’s illness onset and is important in our understanding of
case generation and disease transmissibility [10]. Linking
dates of onset for the infector-infectee pairs is crucial to esti-
mates of Tg. However, these links may not be easily
established.

Using contact tracing data from cases reported early in
the outbreak in Hubei Province, an epidemiology study
reported a mean serial interval of 7.5 days [7]. Another
study reported an estimated mean serial interval at
4.0 days (95% credible interval 3.1, 4.9) for 28 infector-
infectee pairs (both certain and probable pairs). Among
the dataset, a subset of 18 pairs (certain pairs) yielded
an estimated median serial interval at 4.6 days (95% cred-
ible interval 3.5, 5.9). The close-to or shorter-than-median
incubation period serial interval suggests pre-symptomatic
transmissions for a considerable proportion of secondary
transmissions [11]. On the other hand, Liu et al. estimated
the mean serial interval to be 5.81 days (± 3.24) using a
total of 116 pairs of infector-infectee that met strict inclu-
sion criteria [12].
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Basic and Effective Reproductive Numbers

Other than the incubation period and serial interval, re-
searchers are interested in the basic reproductive number
(R0, R naught or R zero) and effective reproductive number
(Re or Rt). In order to better understand the transmissibility of
SARS-CoV-2, an understanding of the definition and indica-
tion of R0 is crucial. R0 can be defined as the average number
of people who can be infected by an infectious person in a
completely naïve population. If R0 is > 1, it means that the
infection is likely to spread exponentially. On the contrary,
if R0 is < 1, it means that the infection is spreading slowly
and will eventually die off. For example, if the R0 is 2, it
means one infected person has the potential of spreading the
disease to two other persons [13].

In general, R0 is affected by population density and the
initial proportion of susceptible people, the organism’s infec-
tiousness, as well as the case disappearance rate (either by
recovery or death). It is important to note that R0 is not a rate
and, therefore, has no units of time such as in doubling time.
On the other hand, Re or Rt, refers to the average number of
secondary cases per infectious case in a population of suscep-
tible and non-susceptible hosts [13]. Therefore, Rt is usually
lower than R0 because as the previously infected people be-
come immune to the disease, the number of people who can be
infected and become secondary cases decreases. If Rt is > 1,
the number of cases will increase. If it is < 1, the number of
cases will decrease. If Rt = 1, the disease is considered
endemic.

Liu et al. explored R0 of COVID-19 by reviewing 12 relat-
ed studies. R0 was estimated be 1.4–6.49 (mean = 3.28, medi-
an = 2.79, interquartile range = 1.16), which was higher than
the WHO estimate of 1.4–2.5 (mean = 1.95). However, it is
noteworthy that estimates of R0 depend on the model used. It
was observed that the two studies that used stochastic methods
gave a R0 estimate of 2.2–2.68 (mean = 2.44). Six studies that
used mathematical methods and three studies that used statis-
tical methods gave estimates of 1.5–6.49 (mean = 4.22) and
2.2–3.58 (mean = 2.67) respectively [14].

Using data retrieved from John Hopkins University’s
COVID-19 data repository, Caicedo-Ochoa et al. estimated
the Rt of SARS-CoV-2 infection in seven Latin American
countries (i.e. Brazil, Chile, Colombia, Ecuador, Mexico,
Panama and Peru) during the first 10 days of the outbreak,
during which the incidence was highest. They also compared
the Rt values with that of Spain and Italy for the same interval.
The Rt values in decreasing order were 3.95 (3.70–4.21) for
Ecuador, 2.67 (3.25–4.13) for Panama, 2.91 (2.60–3.23) for
Brazil, 2.67 (2.45–2.89) for Chile, 2.67 (2.3802.98) for
Colombia, 2.36 (2.11–2.63) for Peru and 2.42 (2.14–2.72)
for Mexico whereas the Rt values for Spain and Italy were
2.90 (2.67–3.14) and 2.83 (2.70–2.96) respectively. The study
therefore concluded that the seven Latin American countries

had a high Rt during the initial stages of the COVID-19 out-
break [15].

Doubling Time

As its name implies, the doubling time of a disease in a given
period refers to the time required for the number of cases to
double. A short doubling time means rapid increase in the
number of cases and vice versa. Therefore, the doubling time
gives us useful information concerning the impact of interven-
tions during an outbreak. Many factors play a role in the dou-
bling time of an infectious disease, e.g. R0, Rt, incubation
period, latent period and serial interval. Even if two diseases
have to same R0, the doubling time may differ due to a differ-
ent serial interval. On the other, doubling time for a disease
may differ from one place to another due to a different R0 or
Rt.

An earlier study (from 20 January to 9 February 2020) in
China reported that doubling times of the COVID-19 epidem-
ic for Hunan Province, Hubei Province and Xinjiang Province
were 1.4 days (95% CI 1.2–2.0), 2.5 days (95% CI 2.4–2.6)
and 3.1 days (95% CI 2.1–4.8) respectively [16]. On the other
hand, analysis of data obtained from several European coun-
tries in February and March 2020 indicates that the initial
doubling times of COVID-19 was approximately 3 days or
less using semiparametric and generalised linear methods, un-
til social distancing measures were in place. The study also
reported that the increase in the number of cases was slowed
by these measures, and the effects were typically observed
only in 9 days (i.e. 3 doubling times) after their
implementations. The study concluded that the estimation of
doubling time, which reflects that the temporal patterns are
more crucial than the estimation of R0 for initiation of inter-
ventions, especially for low- andmiddle-income countries that
are in their early stages of the outbreak [17].

Modes of Transmission

An infectious agent can be transmitted from its natural reser-
voir to hosts via different routes. Many studies have looked
into the modes of transmission of SARS-CoV-2 infection and
both direct and indirect modes have been reported in the pub-
lished literature.

Human-to-Human Transmission

Currently, human-to-human transmission via respiratory
droplets is the primary route through which the infection
spread aggressively in different parts of the world. Human-
to-human transmission can take place in one of the three ways:
(1) asymptomatic transmission, (2) pre-symptomatic trans-
mission and (3) symptomatic transmission. Of particular
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concern is asymptomatic transmission as carriers of SARS-
CoV-2 without symptoms may not be identified unless they
are tested positive by reverse-transcription polymerase chain
reaction (RT-PCR) or other laboratory tests.

One study in China reported a young 22-year-old male who
spread SARS-CoV-2 infection to his contacts (1 relative and 6
classmates, all of which were youngsters from 16 to 23 years)
just after a few-hour contact during the incubation period,
when he was totally asymptomatic [18], suggesting that the
disease is highly infectious during the incubation period.
Another study reported a 20-year-old presumed asymptomatic
carrier of SARS-CoV-2, who was believed to have spread the
infection to 5 relatives. At the time of contact with the 5
relatives, the carrier had no symptoms and her subsequent
chest computer tomography (CT) and lymphocyte count were
normal. However, her 5 relatives were tested positive for
COVID-19 later and were all symptomatic with abnormalities
on chest CT [19].

Researchers have attempted to estimate the asymptomatic
portion of the COVID-19. One study estimated asymptomatic
infections on the Diamond Princess cruise ship hosting 3711
people. After a former passenger was tested positive for
COVID-19, other passengers on the ship underwent quaran-
tine for 2 weeks. A total of 634 passengers were subsequently
tested positive, with 306 symptomatic and 328 asymptomatic
cases. Using statistical modelling, asymptomatic infections
was estimated to be 17.9% (95% credible interval 15.5–
20.2%) [20]. Another study conducted on Japanese nationals
evacuated from Wuhan, China, on chartered flights gave an
estimated asymptomatic ratio of 30.8% (95% CI, 7.7–53.8%)
among evacuees [21].

Vertical and Transplacental Transmission

A systemic review conducted on 70 newborns (in nine inde-
pendent studies) born to mothers with confirmed COVID-19
infection revealed the possibility of vertical transmission. Out
of the 70 newborns, 92.9% (n = 65) were tested negative with-
in the first few hours or days after birth. However, vertical
transmission could not be excluded, as the oropharyngeal or
nasopharyngeal swabs of 5.7% (n = 4) of the newborns were
tested positive within days of birth. The throat swab of one
newborn was tested negative. However, IgM and IgG testing
was positive in this case, suggesting possible in utero infection
and transplacental transmission. Therefore, transplacental or
vertical transmission could not be ruled out in 5 (7.1%) of out
the 70 newborns [22].

Fomite Transmission

Other than aerosol transmission via sneezing, coughing, etc.,
research has implied that indirect routes such as contacting
surfaces contaminated with SARS-CoV-2 are plausible routes

of transmission. One study demonstrated that SARS-CoV-2
was able to remain viable in aerosols for 3 h, and that viable
virus could be detected on plastic and stainless steel for up to
72 h. On the other hand, viable virus was less stable on sur-
faces like copper (not detectable after 24 h) and cardboard (not
detectable beyond 8 h) [23]. Therefore, both aerosol and fo-
mite transmissions play a role in the rapid spread of COVID-
19.

In another study, Chin et al. reported that SARS-CoV-2 is
highly stable and resistant for a long time at 4 °C whereas at
70 °C, the time required to inactivate the virus was decreased
to 5 min. At room temperature, the virus was also found to be
extremely stable in pH ranges of 3–10. Adding various disin-
fectants at working concentrations to SARS-CoV-2 cultures at
room temperature revealed a non-detection of virus after an
incubation period of 5 min. The virus was inoculated on var-
ious objects in the same study. No virus was detected on
printing and tissue papers after 3 h of incubation, while the
virus was not found on treated wood and cloth on day 2. It was
not detected on glass and banknotes on day 4 and stainless
steel and plastic, on day 7. However, it was found on a surgi-
cal mask’s outer layer on day 7 [24].

Environmental Factors Affecting
Transmission

Studies have shown that various environmental factors may
affect transmission of COVID-19. Scientists are interested in
the relationship between various environmental factors and
the transmission of SARS-CoV-2 infection. It was initially
believed that with rising temperatures, the spread of the dis-
ease will slow down and the number of cases will reduce.
While some studies showed that environmental factors such
as temperature and humidity are associated with the transmis-
sion rates of COVID-19, there is no strong evidence to suggest
that the disease will eventually become dormant as summer
approaches thus far. Studies on the relationship between en-
vironmental factors and COVID-19 transmission are often
observational studies with various confounding factors such
as population statistics and public health preventive measures
(e.g. lockdowns or movement restr ict ions, etc.) .
Meteorological data are often obtained through regional data
extrapolation while ascertainment methods of cases may vary
for different regions.

Bhattacharjee investigated the relationship between three
environmental factors: (1) maximum relative humidity
(RHmax), (2) maximum temperature (Tmax) and (3) highest
wind speed (WSmax) and the daily number of confirmed
COVID-19 cases in four cities in China (i.e. Beijing,
Chongqing, Shanghai and Wuhan) and five cities in Italy
(i.e. Bergamo, Brecia, Cremona, Lodi and Milano). It was
reported that the relationship between daily number of cases
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and RHmax and WSmax was mostly negligible, whereas the
relationship with Tmax ranged from negligible to moderate
[25]. On the other hand, Luo et al. collected epidemiological
data from Hong Kong, Japan, South Korea, Singapore,
Taiwan, Thailand and different regions of China to investigate
the relationship between (1) absolute humidity and (2) tem-
perature and local exponential growth of the outbreak.
Absolute humidity was positively correlated to case increase
while weather temperature was weakly and negatively
corrected to case increase [26].

Meteorological and epidemiological data collected from
166 countries (other than China), suggested that daily new
cases and deaths were related to relative humidity and temper-
ature, after controlling for confounding factors such as nation-
al population median age, population density and wind seed.
Both relative humidity and temperature exhibited a negative
relationship with the daily new cases and deaths. With every
1 °C rise in temperature, there was a 3.08% (95% CI 1.53%,
4.63%) and 1.19% (95% CI 0.44%, 1.95%) decrease in daily
new cases and new deaths respectively. As for every 1% in-
crease in relative humidity, a 0.85% (95% CI 0.51%, 1.19%)
and 0.51% (95% CI 0.34%, 0.67%) decrease in daily new
cases and new deaths were observed respectively [27].

Clinical Characteristics in General

SARS-CoV-2 infection mainly affects the respiratory system,
although involvement of other organs/systems is not uncom-
mon. The clinical presentation of COVID-19 is diverse, rang-
ing from asymptomatic to very severe illness, which can lead
to death. To understand the clinical aspects of COVID-19, it is
necessary to have an understanding of the pathogenesis of the
disease. Once a person is infected with SARS-CoV-2, the
inhaled virus binds to ACE2 receptor to gain entry into host
cells in the respiratory tract [28]. During this initial stage (first
1 or 2 days) of the infection, the patient is asymptomatic, but
the virus may be detected in the nasal swabs. As the virus
propagates locally, individuals in this stage are infectious de-
spite the low viral load with a limited immune response in the
body. In the next few days, the virus continues to propagate
down the conducting airways, triggering a more vigorous im-
mune response [29]. During this time, the patient begins to
manifest the common symptoms of COVID-19, such as fever,
sore throat and dry cough.

In approximately 80% of the cases, the disease is mild to
moderate, confining to the upper respiratory tract. However,
20% of the cases progress to more severe disease with pulmo-
nary infiltrates, as the virus reaches the lower respiratory tract
[30]. It is this category of patients who present with dyspnoea
and may progress to acute respiratory distress syndrome
(ARDS) as the disease continues to worsen. Some of the un-
derlying immune responses in severe cases include

lymphopenia and increased release of pro-inflammatory cyto-
kines resulting in an ARDS-inducing “cytokine storm,”which
may be followed by multiorgan failure leading to death [31,
32].

Although COVID-19 is mainly a respiratory disease
characterised by pulmonary manifestations, reports on extra-
pulmonary manifestations are not uncommon in the published
literature. Some of these include gastrointestinal, cardiac, neu-
rological and cutaneous manifestations, features of renal and
liver dysfunction, as well as taste and smell disorders [33, 34].
Patients with gastrointestinal involvement may present with
symptoms such as diarrhoea, vomiting, abdominal pain and
loss of appetite [35] whereas neurological manifestations such
as encephalitis, encephalopathy, stroke and Guillain Barre
Syndrome have been reported [9]. Patients with cutaneous
presentation may exhibit erythematous pustules or vesicles,
maculopapular or vesicular eruptions, urticaria, liverdo and
necrosis [36]. On the other hand, acute cardiac injury and
raised cardiac troponins are abnormalities observed in some
patients with COVID-19, whereas patients with existing car-
diovascular disease tend to have a worse outcome compared
with those without. The underlying mechanisms of the injury
are said to be related to direct injury to cardiomyocytes or
indirectly due to overwhelming systemic inflammation [37].

Clinical Features in Children

In one study, Dong et al. investigated the clinical presentation
of 2143 paediatric lab-confirmed (n = 731) and suspected
cases (n = 1412) of COVID-19 with an interquartile age range
from 2 to 13 years. It was found that > 90% of these patients
demonstrated either no symptoms, or mild to moderate symp-
toms without showing any significant gender difference. The
study concluded that children of all ages, especially infants,
were susceptible and vulnerable to the infection, even though
they presented with milder disease compared with adults [38].

Despite earlier studies demonstrating a milder course of the
disease in children, recent studies have reported cases of pae-
diatric patients with severe disease requiring intensive care. In
one of these cases, Greene et al. described toxic shock-like
syndrome in an 11-year-old girl who was tested COVID-19
positive. During her first visit to the Emergency Department
(ED), the patient presented with fever, rash and pharyngitis.
However, within 48 h, she returned to the ED with multiorgan
injury, systemic inflammation and circulatory shock and was
admitted to the paediatrics ICU due to cardiac and renal dys-
function, as well as fluid-refractory hypotension. While re-
ceiving supportive therapy in the PICU, the patient was also
given steroids and intravenous immunoglobulin (IVIG) for
possible incomplete Kawasaki disease. Dramatic improve-
ment was observed <24 h and the patient was subsequently
discharged home [39].
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In France, a study on 21 children and adolescents aged
from 3.7–16.6 years examined the relation between COVID-
19 and Kawasaki disease. It was reported that 90% (n = 19) of
the patients had evidence of COVID-19 infection with 81%
(n = 17) requiring treatment in the ICU. All these children had
clinical features of Kawasaki disease with 57% (n = 12) and
76% (n = 12) presented with Kawasaki disease shock syn-
drome and myocarditis respectively. All of them were treated
with IVIG and 48% (n = 10) of the patients, with corticoste-
roids, after which all were discharged home. Findings from
this study suggest that Kawasaki-like multisystem inflamma-
tory syndrome might be related to SARS-CoV-2 infection
[40].

Clinical Features in Pregnant Women

Studies have investigated the clinical features and outcomes of
COVID-19 in pregnant women. Cao et al. reported the clinical
analysis of 10 pregnant women in their third trimester till the
postpartum period. All 10 women was tested COVID-19 pos-
itive and presented with mild disease. During the period of the
study, none of the women developed severe disease, severe
respiratory distress or needed to use mechanical ventilation.
However, lung abnormalities were observed in the chest CT of
all patients. Two patients had vaginal delivery, 2 had
intrapartum caesarean section and 6 had elective caesarean
section A total of 11 newborns (9 singletons and 1 pair of
twins) were born during the study period. All the 11 newborns
had an Apgar score of 8–9 and 10 at 1 min and 5 min after
birth respectively, and none of them had neonatal asphyxia or
presented with fever, cough or diarrhoea. Five of the new-
borns underwent COVID-19 testing, and none of them were
tested positive. The study concluded that COVID-19 is not an
indication for caesarean section [41].

On the other hand, a systemic review and metanalysis
on 136 women in 24 studies reported that fever (62.9%),
cough (36.8%) and sore throat (22.6%) were the
commonest clinical features in pregnant women with
COVID-19 while dyspnoea (15.7%) and diarrhoea
(15.6%) were less frequently reported. The common lab
findings were increased C-reactive protein levels (57%)
and lymphocytopenia (50%) whereas ground-glass opaci-
ty was observed in the chest CT in 81.7% of the patients.
There was a preterm birth rate of 37.7% and 76% of
women underwent caesarean section. One maternal death,
3 foetal deaths (at gestational ages of 34, 31 and 30 weeks)
were reported and 2 newborns were tested COVID-19
positive. It was concluded that the clinical presentation
of pregnant women did not vary from the general popu-
lation, however, compared with international averages
there was an increased preterm birth rate and caesarean
delivery rates [42].

Immunocompromised Individuals
and COVID-19

Overwhelming inflammatory reactions due to a cytokine
storm have been described in patients with severe COVID-
19, which can result in organ damage and failure [7, 8].
Therefore, some believe that the anti-inflammatory effects of
immunosuppression may be protective and helps to mitigate
the cytokine storm associated with poor outcomes. However,
findings on the outcomes of immunocompromised individuals
with COVID-19 are contradicting with some studies reporting
unfavourable outcomes and others suggesting otherwise. For
example, one study reported that a higher risk of severe dis-
ease and death was not observed in HIV patients with
COVID-19 [43] whereas another study reported that HIV
was associated with a doubling of mortality risk in COVID-
19 patients [44].

One study investigated COVID-19 mortality in 800 can-
cer patients and demonstrated that those who were on var-
ious anti-cancer treatments did not have a significant
higher risk of mortality. Out of the 800 cancer patients,
more than half (52%, n = 412) had mild disease. Out of
the 28% (n = 226) patients who died, a significant associ-
ation between the risk of death and (1) advancing age
(odds ratio 9.42 [95% CI 6.56–10.02]; p < 0.0001), (2)
male gender (1.67 [1.19–2.34]; p = 0.003) and (3) comor-
bidities (e.g. hypertension (1.95 [1.36–2.80]; p < 0.001) or
cardiovascular disease (2.32 [1.47–3.64]) was observed.
When these factors were adjusted, chemotherapy, hormon-
al therapy, targeted therapy, immunotherapy and radiother-
apy use had no significant effect on mortality from
COVID-19 when comparing patients who received these
therapies versus those who did not [45].

On the contrary, another study conducted on 205 cancer
patients with confirmed COVID-19 reported contradicting
findings. In the study, 89% (n = 183) of the patients had solid
tumours while 11% (n = 22) had haematological malignan-
cies. Out of the 205 patients, 30% (n = 54) had anti-cancer
therapies within 4 weeks prior to symptom onset. A total of
40 (20%) patients died during their hospital stay. Patients with
haematological malignancies had a poorer prognosis than
those with solid tumours whereas a higher percentage of
deaths (41%) was observed among patients with haematolog-
ical malignancies compared with those with solid tumours
(17%) (hazard ratio for death 3.28 [95% CI 1.56–6.91]; log
rank p = 0·0009). The risk factors of death were chemotherapy
within 4 weeks prior to symptom onset (odds ratio [OR] 3.51
[95% CI 1.16–10.59]; p = 0·026) and male gender (OR 3.86
[95% CI 1.57–9.50]; p = 0.0033). Therefore, the study con-
cluded that hospitalised cancer patients with COVID-19 had a
high case fatality rate while being male and receiving chemo-
therapy prior to symptom onset were unfavourable prognostic
factors among this group of high-risk patients [46].
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Comorbidities and COVID-19

Studies have shown that old age and comorbidities are
related to the severity of COVID-19 and death. In gen-
eral, COVID-19 is more lethal among the elderly. This
can be illustrated by comparing the case fatality rates of
countries with a high proportion of elderly in their pop-
ulation. For example, 23% of Italy’s population
consisting of people > 65 years in 2019, and the country
was hard-hit by the outbreak. Deaths in the country
were mainly among elderly males with multiple comor-
bidities. It was reported that Italy had a considerable
higher overall case fatality rate (CFR) than that of
China (7.2% vs 2.3%). For the 0 to 69 years age
groups, the CFR is similar for both countries.
However, the CFR in individuals > 80 years was shown
to be higher in Italy. The higher overall CFR in Italy
can be partly explained by a difference in the case dis-
tribution in the two countries; in Italy 37.6% of cases
were > 70 years, whereas in China only 11.9% of the
cases were > 70% [47].

On the other hand, a study in the USA consisting of
5700 patients admitted to 12 hospitals reported the
commonest comorbidities being hypertension (56.6%,
n = 3026), obesity (41.7%, n = 1737) and diabetes
mellitus (33.8%, n = 1808). The median age of these pa-
tient was 63 years [interquartile range (IQR), 52–75].The
percentage of patients admitted to the intensive care unit
was 14.2% (n = 373) with a median age of 68 years
(IQR, 56–78). Of those who received mechanical venti-
lation (n = 320), older patients (> 65 years) had a higher
mortality rate (97.2%) than patients in the 18 to 65-year
group. However, there was no death among those <
18 years of age. Among the patients who died (24.5%,
n = 282), diabetic patients were more likely to be treated
with invasive mechanical ventilation or given ICU care
compared with non-diabetic patients [48].

Some findings of the study are in tandem with those of
another study conducted on 1590 hospitalised patients from
575 hospitals in China, who had laboratory-confirmed
COVID-19. The commonest comorbidities were hypertension
(16.9%, n = 269), other cardiovascular diseases (3.7%, n =
59), cerebrovascular diseases and diabetes mellitus (both
1.9%, n = 30).With age and smoking status adjusted, the risk
factors identified were chronic obstructive pulmonary disease
(hazard ratio [HR] 2.681, 95% CI, 1.424–5.048), diabetes
mellitus (HR 1.59, 95% CI 1.03–2.45), hypertension (HR
1.58, 95% CI 1.07–2.32) and malignancy (HR 3.50, 95% CI
1.60–7.64) for those reaching the composite end-points (i.e.
ICU admission, invasive ventilation or death). The HR in
patient with at least one comorbidity and > 2 comorbidities
was 1.79 (95% CI 1.16–2.77) and 2.59 (95% CI 1.61–4.17)
respectively [49].

Conclusions

The current COVID-19 pandemic is a global health threat,
impacting the lives of people in many aspects worldwide.
From this review, it can be deduced that SARS-CoV-2 has a
serial interval close-to or shorter than the incubation period.
The fact that SARS-CoV-2 is highly stable under various con-
ditions at room temperature and lingers on different surfaces
up to hours or days makes it highly infectious. The high pro-
portion of asymptomatic cases and the short doubling time all
contribute to the exponential growth of the pandemic. Despite
some studies showing an association between an increased
weather temperature and reduction in the number of cases,
there is no sign that the pandemic will melt away as summer
approaches.

Worldwide, unprecedented drastic measures such as move-
ment restrictions, lockdown, airport closures, quarantine and
social distancing have been taken to combat the disease.
However, despite these vigorous measures, the global number
of confirmed cases and deaths is on the rise on a daily basis.
Many countries have suffered financially due to months of
lockdown and are in a process of unlocking and opening their
borders to savage the hard-hit economy. It is important to
remember the epidemiological lessons learnt from research
as the world embarks on a new normal with the coexistence
of SARS-CoV-2. Unless and until a cure or vaccine is
established, countries must be constantly on the guard to pre-
vent a second or even third wave of the disease, which is
already emerging in some places.

On the other hand, an understanding of the clinical presen-
tation of COVID-19 is important as patients with different
presenting complaints and varying degrees of severity require
different management strategies. From this review, it can be
concluded that the clinical manifestations of SARS-CoV-2
infection are very diverse ranging from no symptoms, to se-
vere disease that requires intensive care and mechanical ven-
tilation, while the most severe cases can lead to death. In the
published literature, both pulmonary and extra-pulmonary
clinical features have been described, suggesting that the dis-
ease can affect nearly any system in the body. Infected indi-
viduals who cannot conquer the disease eventually give their
lives to COVID-19. However, a majority of people who are
infected with SARS-CoV-2 eventually recover from the
disease.

Research has also shown that people from all ages can
contract SARS-CoV-2 infection. Elderly patients and those
with comorbidities are highly susceptible and vulnerable.
Earlier studies have claimed that children tend to have milder
disease. However, there is evidence that severe and life-
threatening disease can develop in children and that
COVID-19 is associated with multisystem inflammatory syn-
drome and Kawasaki disease in some cases. On the other
hand, the clinical presentation in pregnant women is similar
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to that of the general population, whereas there are contradic-
ting findings on immunocompromised individuals with
COVID-19. Therefore, it is important that physicians identify
the high-risk patients with adverse outcomes and manage
them accordingly.
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