
Introduction 

As medical sciences advanced and sanitation improved, infectious 
diseases were perceived to occur in underdeveloped countries. 
However, an increase in the number of travelers and increased 
trading activity led to the influx of foreign infectious diseases and 
novel infectious diseases caused by varying strains. Respiratory vi-
ral infections are very common and highly contagious and can lead 
to big trends in a short time. As respiratory viral infections present 
similar signs and symptoms, the causative agent cannot be distin-
guished by clinical manifestations alone. Therefore, early diagnoses 
and proper establishment of infection control strategies are im-
portant. Respiratory infectious diseases affect not only an individu-
al’s health but also limit travel, paralyze the medical system, and af-
fect the socialization and daily life of the affected patients and med-
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ical staff, thus hampering the social system. 
Influenza, historically referred to as the Spanish flu, had infected 

500 million people of the 1.6 billion people worldwide and 50 mil-
lion people died. The mortality rate was approximately 10%, and 3% 
of the world’s population had succumbed to this disease [1]. From 
Spanish flu to severe acute respiratory syndrome (SARS) and Mid-
dle East respiratory syndrome (MERS) to coronavirus disease 2019 
(COVID-19), which is currently a major problem globally, respirato-
ry infections have had a huge impact on human health and health-
care systems; thus, a worldwide effort is required to combat this co-
nundrum [2]. To implement future measures, we would like to sum-
marize the respiratory infectious diseases that have recently affected 
human health and the society. Here, we review the current state of 
epidemiology, clinical manifestations, diagnosis, treatment, and pre-
vention of novel respiratory infectious diseases. 
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Influenza 

1. Introduction and epidemiology 
Globally, influenza is an important infectious disease, causing big 
and small epidemics annually [3]. Approximately 20% of the chil-
dren and 5% of the adults suffer from influenza A or B worldwide 
each year [4]. The largest influenza pandemic was in 1918, when 
influenza A (H1N1), known as the “Spanish flu,” resulted in 20 
million deaths worldwide. Thereafter, there have been two major 
global outbreaks of influenza A: in 1957, influenza A (H2N2), 
namely, “Asian” influenza; and in 1967, influenza A (H3N2), 
namely, “Hong Kong” influenza [5]. The first case of swine-origin 
influenza A (H1N1) infection was reported in Mexico and the 
United States in April 2009, after which the novel influenza 
(H1N1) virus spread globally [6,7]. It mainly affected children 
and young adults and had no significant impact on the elderly. A 
similar pattern was also observed in Korea. The influenza A 
(H3N2) virus had the largest contribution to influenza-associated 
mortality in all age groups from 2009 to 2016; however, influenza 
A (H1N1) virus-associated influenza or pneumonia deaths were 
more common in those under 65 years old [8]. This is thought to 
be due to the cross-reactive effect of antibodies from past immuni-
zations or infections to novel influenza A (H1N1) infections [6]. 

2. Clinical manifestation and transmission 
Three mechanisms of person-to-person transmission have been 
identified, namely, small-particle aerosols, large droplets, and con-
tact transmission [9]. The basic reproduction number (the mean 
number of secondary cases of infection transmitted by a single pri-
mary case in a susceptible population) is estimated to be approxi-
mately 1.3 to 1.7 but may rise up to 3.6 in crowded areas such as 
schools [7]. The clinical presentation of influenza ranges from afe-
brile upper respiratory illness to acute respiratory distress syn-
drome (ARDS) requiring mechanical ventilator support. Com-
mon symptoms of influenza include fever, chills, myalgia, cough,  
headache, etc. In 2009, a characteristic of the influenza H1N1 pan-
demic was to present as diffuse viral pneumonia associated with se-
vere hypoxemia, ARDS, and shock in young adults. This phenom-
enon led to the promulgation of extracorporeal membrane oxy-
genation (ECMO) for ARDS treatment worldwide [10,11]. In 
Korea, mortality in intensive care units varied widely among hospi-
tals, with the need for specialists of intensive care thus emerging 
[12]. 

3. Diagnosis 
To confirm an influenza infection, real-time polymerase chain re-
action (RT-PCR) or a viral culture is performed. As it takes about 

3 days to culture the virus using rapid cell culture, RT-PCR with an 
upper airway specimen taking less than a day is widely used in clin-
ical practice [13]. Detection using rapid antigen testing is fast; 
however, its sensitivity for H1N1 is low at 9.6% to 51% [14]. 

4. Treatment 
Influenza is usually a self-limiting disease in a healthy person. Thus, 
while only supportive care is needed for healthy people, antiviral 
treatment is considered for high-risk patients including persons of 
any age hospitalized with influenza, children aged < 2 years and 
adults aged ≥ 65 years, outpatients at a high risk of complications 
from influenza, pregnant women and those within 2 weeks post-
partum, etc. [15].  

1) Neuraminidase inhibitors (oseltamivir and zanamivir) 
Antiviral treatment using neuraminidase inhibitors is recommend-
ed mainly for patients hospitalized with influenza H1N1 or for 
high-risk patients who are likely to develop complications from the 
seasonal influenza. It has been recognized as a prophylactic for in-
fluenza A and B in patients aged > 13 years [9]. 

2) Baloxavir marboxil 
Baloxavir marboxil (trade name Xofluza; Genentech Inc., San 
Francisco, CA, USA) is a selective inhibitor of the cap-dependent 
endonuclease. A significant reduction in viral load was observed a 
day after taking the drug compared with placebo or oseltamivir ad-
ministration [16]. In addition, a single oral dose of baloxavir mar-
boxil had a similar effect as oseltamivir in relieving influenza symp-
toms in high-risk outpatients and children [17,18]. 

5. Prevention 
Vaccination is the most effective way of preventing influenza and 
controlling the disease [19]. Oseltamivir, zanamivir, and baloxavir 
showed a high efficacy for postexposure prophylaxis in their con-
tacts [20-22]. Influenza vaccinations are updated annually based 
on the annual surveillance data World Health Organization 
(WHO) to predict the influenza strain that will be prevalent next 
year [9]. The effect of vaccination is maximized in high-risk groups 
such as young children, immunocompromised patients, and adults 
aged 65 years and older [23]. Compliance with contact precaution 
and isolation guidelines is required to prevent person-to-person 
spread. 

Severe acute respiratory syndrome 

1. Introduction and epidemiology 
SARS, a new coronavirus that causes severe viral pneumonia, was 
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first reported in November 2002, in Guangdong, a province in 
southern China [24,25]. This new coronavirus variant was termed 
SARS coronavirus (SARS-CoV) [25,26]. The intermediate host 
of SARS-CoV was found to be a masked palm civet cat [27]. Re-
searchers have found a virus genetically similar to this strain of 
coronavirus in masked palm civets sold in the animal market of 
Guangdong Province. Numerous studies have shown large num-
ber of SARS-related coronaviruses circulating in China’s horseshoe 
bats, suggesting that the deadly strain probably originated in bats 
and, subsequently, transmitted the virus to civets before infecting 
humans [28]. SARS resulted in 8,273 cases in a year and 774 
deaths with a fatality rate of 9.5% in 2002. The national surveil-
lance system for SARS was implemented on March 16, 2003, in 
Korea, and there were three probable cases of SARS diagnosed 
with clinical, laboratory, and radiological features. No patient was 
confirmed serologically in Korea, and all three probable cases were 
imported and showed improvement after provision of supportive 
care [29]. Both SARS and MERS are caused by coronaviruses; 
however, SARS propagated more in humans and had a relatively 
low mortality rate [30]. SARS appeared in 2002 and disappeared 
in the summer of 2003. 

2. Clinical manifestation and transmission 
Most patients (85% to 99%) with SARS initially complained of fe-
ver and chills. Other symptoms included nonproductive cough 
(69%), myalgia (49%), and dyspnea (42%) [31,32]. Initially, chest 
examination results were usually normal, but as the disease pro-
gressed, signs of consolidation, crackles, and dullness were ob-
served [33]. Blood tests showed lymphopenia and elevated trans-
aminase, lactate dehydrogenase, and creatinine kinase levels [34]. 
The radiographic findings of SARS are similar to pneumonia 
caused by other causes; they show airspace consolidation, mainly 
invading the peripheral and lower zone of the lungs. However, cavi-
tation, hilar lymphadenopathy, and pleural effusion are rare [35].  

SARS-CoV spreads quickly by close contact through droplet 
transmission or fomites. The highly infectious nature of the this vi-
ral disease is well illustrated by the fact that 158 patients were hos-
pitalized with SARS in 2 weeks owing to their exposure to one pa-
tient in a general ward in Hong Kong [36]. 

3. Diagnosis 
As molecular assays currently available for the detection of SARS-
CoV have low sensitivity and specificity during the early stages of 
the illness, additional serological tests indicating a significant in-
crease in specific antibody titers or a positive viral culture is neces-
sary to diagnose SARS [37,38]. This diagnostic process is usually 
based on the careful review of the clinical manifestations and epi-

demiological and radiological findings. 

4. Treatment 
Antiviral treatments such as interferons, ribavirin, and lopinavir/ri-
tonavir have been used in many patients; however, there is no clear 
conclusion regarding the effectiveness of these treatments [39]. 

5. Prevention 
In the hospitals in Hong Kong, when 254 medical staff members 
who had contacted 11 index patients were divided into infected 
and noninfected groups and a survey was conducted about the use 
of masks, gloves, and gowns and hand washing while caring for the 
index patients with SARS, the infection rate was high in those who 
omitted at least one measure. Adopting precautionary measures to 
prevent droplet and contact transmission is of utmost importance 
[40]. 

Middle East respiratory syndrome 

1. Introduction and epidemiology 
A decade after SARS appeared, a new coronavirus causing severe 
viral pneumonia was reported in the Arabian Peninsula [41]. The 
clinical manifestations of MERS, caused by β-coronavirus of the C 
lineage (MERS-CoV), can range from no symptoms to respiratory 
failure. During the first outbreak of MERS-CoV in June 2012 in 
Saudi Arabia, 688 people were confirmed to be infected, with a fa-
tality rate of 35.7%, i.e., 282 deaths in 27 countries [42]. In Korea, 
the large outbreak of MERS was mainly related to in-hospital infec-
tions. A total of 186 patients had been diagnosed with MERS-CoV 
in Korea, with 36 deaths [43]. MERS has a weaker human-to-hu-
man transmission than SARS; however, it has a higher mortality 
rate. The zoonotic vector and possible reservoir of MERS-CoV 
have been found to be dromedary camels, with bats as another 
possible vector for transmission to humans [44]. 

2. Clinical manifestation and transmission 
Approximately 90% of patients with MERS complain of dyspnea, 
and 83% of patients show the symptom of coughing [45,46]. Fever 
and upper respiratory symptoms such as cough present first, fol-
lowed by shortness of breath and lymphopenia 1 week later [46]. 
Serious complications usually occur in those with comorbidities 
such as diabetes, renal failure, and underlying immunosuppression. 
However, in patients without comorbidities, the infection may be 
asymptomatic or may show mild symptoms. 

Imaging findings include nonspecific chest radiographs and 
ground-glass opacities in early chest tomographic scans followed 
by interlobular septal and intralobular interstitial thickening with 
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peripheral and lower lobe involvement [47,48].  
Primary cases were found to show various mild to severe clinical 

symptoms after direct or indirect patient contact with dromedary 
camels. Secondary cases were due to human-to-human transmis-
sion via close contact and occurred among people with laborato-
ry-confirmed MERS-CoV in household settings [42,49]. Contact 
and droplet transmission is suggested; however, the possibility of 
airborne or fomite transmission cannot be ruled out. 

3. Diagnosis 
MERS-CoV testing is performed by skilled technicians in appro-
priately equipped biosafety laboratories following the relevant 
technical and safety procedures [50]. MERS-CoV could be detect-
ed in a short time using a reverse transcription loop-mediated iso-
thermal amplification technique and a vertical flow visualization 
strip assay [51]. Several serological assays, including en-
zyme-linked immunosorbent assay, recombinant spike immuno-
fluorescent assay, and spike pseudoparticle neutralization and mi-
croneutralization assay, are available for the detection of MERS-
CoV [52]. 

4. Treatment 
Although the role of antiviral treatment in MERS has not been 
clearly established, considering the high mortality rate, antiviral 
treatment could be considered in addition to supportive care in the 
patients with an older age, underlying diseases, breathing difficul-
ties, and bilateral pneumonia [53]. Empirical treatments with con-
valescent plasma, interferon with or without ribavirin, and lopina-
vir/ritonavir have been studied in severely ill patients and are most 
likely to be beneficial, but evidence is weak and controlled trials are 
warranted [44,54]. 

5. Prevention 
MERS-CoV transmission in healthcare facilities mainly results 
from lapses in infection control measures and late isolation of sug-
gested cases. Although currently, no human vaccine is available, the 
use of personnel protective equipment, early identification and iso-
lation of patients, disinfection of environmental surfaces, and sani-
tization are required to minimize transmission [55]. 

Coronavirus disease 2019 

1. Introduction and epidemiology 
SARS-CoV-2 spread beyond China to the world within a few 
months. The COVID-19 outbreak that emerged in China in De-
cember 2019 spread globally, and in January 2020, the WHO de-
clared that COVID-19 is an important issue threatening human 
health worldwide. SARS-CoV-2 is closely related to two bat-de-
rived SARS-like (SL) coronaviruses: bat-SL-CoVAC45 and bat-
SL-CoVZXC21 [56,57]. Current evidence indicates that SARS-
CoV-2 spread to humans via transmission from wild animals ille-
gally sold in Huanan’s seafood wholesale market. Phylogenetic 
analysis shows that SARS-CoV-2 is a new member of the Coronavi-
ridae family but is distinct from SARS-CoV (identity of approxi-
mately 79%) and MERS-CoV (identity of approximately 50%) 
[58]. Clinical characteristics comparing SARS, MERS and 
COVID-19 are seen in Table 1.

As of July 15, 2020, Korea reported a total of 13,551 confirmed 
cases and 289 deaths. Globally, approximately 13 million con-
firmed cases and 570,000 death were reported by the WHO [59]. 
In Korea, sporadic infections continue owing to community 
spread and globalization. 

Table 1. Clinical features of human coronavirus pneumonia

Feature SARS [24,32,34] MERS [42,44,49] COVID-19 [56,57,68]
Year first recognized 2002 2012 2019
Causative virus SARS-CoV MERS-CoV SARS-CoV-2
Intermediate host Palm civets Dromedary camels Pangolins
Nosocomial infection Yes Yes Yes
Healthcare worker infection (%) 21.0 18.6 3.8
Incubation period (day) 2–11 2–13 3–6
Treatment Supportive care Supportive care Supportive care
Vaccination - - -
Total case (global) 8,096 2,229 12,964,809+
Total death (global) 774 791 570,288+
CFR (%) 9.6 34.4 3.5
CFR with comorbidities (%) 46.0 60.0 73.3

SARS, severe acute respiratory syndrome; MERS, Middle East respiratory syndrome; COVID-19, coronavirus disease 2019; CoV, coronavirus; CFR, case-
fatality rate.
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2. Clinical manifestation and transmission 
SARS-CoV-2 is highly contagious; when compared with SARS 
and MERS, the fatality rate of MERS was higher than that of SARS 
and COVID-19; however, within a short time, COVID-19 affect-
ed a larger number of people worldwide than SARS and MERS 
[56]. Current evidence suggests that human-to-human transmis-
sion of SARS-CoV-2 is via droplets expelled from the infected indi-
vidual when in close contact while talking, coughing, or sneezing 
[57]. However, transmission via aerosols outside a laboratory set-
ting has inconclusive evidence [60,61]. One of the biggest hurdles 
encountered while preventing spread of the disease is that the in-
fection can be spread by asymptomatic as well as presymptomatic 
carriers [62]. 

The mean incubation period of the virus is 2 to 14 days, and the 
basic reproduction number is estimated at 2.24 to 3.58. The major 
clinical manifestations include cough, fever, chills, dyspnea, myal-
gia, diarrhea, confusion, and pneumonia. Extrapulmonary symp-
toms include myocarditis, loss of taste and smell, and venous 
thrombosis [63-66]. These coronavirus infections cause more se-
vere diseases among older individuals and people with comorbid 
conditions [67]. In Korea, the mortality rate is 2.36%, wherein it is 
1% in individuals aged < 50 years; however, it is higher in older in-
dividuals. Therefore, as a higher mortality rate has been reported in 
individuals aged > 65 years and having underlying diseases, appro-
priate precautionary measures are warranted [68]. 

3. Diagnosis 
The genomic sequence of SARS-CoV-2 was released immediately 
on public databases in January 2020 after the start of the outbreak 
in Wuhan, China [69]. In Korea, infections were confirmed on the 
basis of a positive result for SARS-CoV-2 viral RNA in an RT-PCR 
assay or by virus isolation, irrespective of the clinical manifestations 
[70]. With an exponentially increasing number of patients, drive-
through screening centers were introduced in Korea, considering 
patient and medical staff safety while obtaining samples, which re-
quired equipment that could perform large-scale testing in a short 
duration [71]. 

4. Treatment 
A specific treatment modality has not been developed yet [69]. To 
date, early detection and quarantine are considered optimum to 
minimize the spread of the disease. There are several ongoing clini-
cal trials for COVID-19 treatment. 

1) Remdesivir 
Remdesivir, a nucleotide analog prodrug that inhibits viral RNA 
polymerase, is administered intravenously. Previously, it has been 

tested against Ebola virus and two coronaviruses, SARS and 
MERS [72]. It was first administered to a patient with COVID-19 
in the USA [73]. The preliminary data indicated that on compar-
ing 521 patients with placebo and 538 patients with a 10-day rem-
desivir regimen, the time to recovery was shorter in the remdesivir 
group (11 days) than in the placebo group (15 days) [74]. For pa-
tients with pneumonia and hypoxemia (SpO2 ≤ 94%) caused by 
SARS-CoV-2, therapeutic effects of the 5-day and 10-day remde-
sivir regimen were similar [75]. Further, the compassionate use of 
remdesivir in patients hospitalized for severe COVID-19 showed 
clinical improvement in 68% of the patients [76]. In Korea, remde-
sivir permitted to be used for COVID-19 from July 2020. It was 
administered to 10 patients, including a patient on mechanical ven-
tilation, and all patients showed clinical and laboratory signs of im-
provement without serious adverse events [77]. Large-scale clini-
cal trials to ensure the safety and effectiveness of remdesivir in the 
treatment of COVID-19 are warranted [78]. Remdesivir is the 
most promising COVID-19 treatment candidate so far. 

2) Chloroquine/hydroxychloroquine 
Chloroquine is used for the treatment of malaria, and it demon-
strated potential broad-spectrum antiviral activities by inhibiting 
endosomal acidification required for virus–host cell fusion [79]. 
The result of a multinational registry analysis of the use of chloro-
quine/hydroxychloroquine with or without a macrolide for treat-
ment of COVID-19 showed that chloroquine/hydroxychloro-
quine was associated with a decreased in-hospital survival and an 
increased risk of arrhythmia when used for the treatment of 
COVID-19 [80]. In contrast, studies have shown that early (with-
in 5 days from diagnosis) use of hydroxychloroquine inhibits 
SARS-CoV-2 shedding [81]. The role of hydroxychloroquine in 
the treatment and prophylaxis of COVID-19 is inconclusive. 

3) Lopinavir/ritonavir 
Lopinavir/ritonavir is a combination of human immunodeficiency 
virus protease inhibitors, with a modest antiviral activity against 
SARS-CoV-2 and nucleoside analogs, which increase drug bio-
availability. Some studies have reported lopinavir/ritonavir to be a 
more effective agent for rapid viral clearance than hydroxychloro-
quine in mild to moderate cases of COVID-19 [82-84]. In con-
trast, some studies have reported that lopinavir/ritonavir did not 
shorten the duration of SARS-CoV-2 shedding in the patients with 
COVID-19 and a meta-analysis concluded that treatment with 
lopinavir/ritonavir had no significant benefits in reducing mortali-
ty and ARDS rates in patients with COVID-19 [85,86]. To date, 
available evidence regarding the efficacy of lopinavir/ritonavir in 
COVID-19 is weak. Since there is a lack of approved treatments for 
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COVID-19, clinicians should not abandon the use of lopinavir/ri-
tonavir as the results or ongoing clinical trials are pending. 

4) Convalescent plasma 
Convalescent plasma has been used in patients with SARS whose 
conditions continued to deteriorate, and several studies reported a 
shorter hospital stay and lower mortality in patients treated with 
convalescent plasma than in those not treated with convalescent 
plasma [87-89]. There are several cases reported about critically ill 
patients who received convalescent plasma and recovered from 
SARS-CoV-2 infections [90,91]. These results indicate that conva-
lescent plasma might serve as a potential therapeutic for critically 
ill patients infected with SARS-CoV-2. 

5) Miscellaneous 
In subgroups of patients with severe COVID-19 with a possible 
cytokine storm syndrome, some immunomodulating treatments 
including steroids, intravenous immunoglobulins, interleukin (IL)-
1 blockers, and IL-6 receptor blockers are likely to be beneficial 
[92,93]. Anakinra (human IL-1 receptor antagonist) reduced the 
need for invasive mechanical ventilation and mortality among pa-
tients with severe forms of COVID-19 without serious side effects 
through randomized clinical trials [94]. 

5. Prevention 
Vaccines are the most effective way to deal with infectious diseases. 
Three types of human coronaviruses (SARS-CoV, MERS-CoV, 
and SARS-CoV-2) have emerged over the past two decades, 
threatening the health of humankind; however, vaccinations 
against them are yet to be developed [2]. Several scientists and 
drug manufacturers worldwide are accelerating the development 
of COVID-19 vaccines [95,96]. Approximately 120 candidate 
molecules are under development for the vaccine, and several can-
didate SARS-CoV-2 vaccines are in phase 1 to 3 clinical trials. To 
date, for preventing the spread of SARS-CoV-2, the most effective 
methods are maintaining a physical distance of ≥ 1 m, use of face 
masks and respirators, eye protection, and regular handwashing 
[97]. Globally, health authorities should take immediate action to 
prevent the spread of the pandemic and develop an effective vac-
cine. 

Conclusion 

So far, numerous respiratory infectious diseases have threatened 
humankind. Although treatments for influenza are constantly be-
ing developed, many people continue to succumb to the illness ev-
ery year. There is no clear cure for the respiratory disease caused by 

the novel coronavirus. Therefore, tremendous efforts, such as ex-
tensive research on viruses and clinical diseases and development 
of new drugs and vaccines, are of essence. Concerns regarding the 
threat posed to the global health security by SARS-CoV-2 are esca-
lating with an increasing number of outbreaks globally. With an es-
timated number of over 12 million cases worldwide, the COVID-19 
pandemic could continue until the end of the year. Given that an 
outbreak is potentially a threat to every member of the global com-
munity, extensive efforts to prevent, detect, and respond to SARS-
CoV-2 at the earliest is crucial. The COVID-19 pandemic is poten-
tially the largest global health issue since the influenza pandemic in 
1918. There are huge efforts being made to discover potential 
treatments for COVID-19. Clinical trials emphasize the need and 
the ability to obtain high-quality evidence even during the pan-
demic. Global cooperation and efforts are required to develop ef-
fective drugs and vaccines. 
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