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1. Introduction

The increased interactions between people and animals and the easier spread 
of zoonotic pathogens have resulted from increased trade between communities. 
Following that, the emergence and spread of infectious diseases were facilitated by 
the growth of cities, the expansion of trade routes, increased travel, and the effects 
of an expanding human population on ecosystems, which increased the likelihood 
of outbreaks, epidemics, and even pandemics [1]. The terms “outbreak,” “epidemic,” 
and “pandemic” refer to a condition’s occurrence in comparison to its expected rate 
as well as its geographic spread. An outbreak is defined as an unexpected rise in the 
population with a particular health condition or the occurrence of cases in a new 
location. An outbreak that spreads to a wider geographic area is called an epidemic. 
An epidemic that spreads globally is called a pandemic [2].

According to estimates, two-thirds of emerging human infections and about 60% 
of infectious diseases have zoonotic origins, with origins in wildlife. Humans are at 
high risk of infection as they are more likely to come into contact with animal and 
arthropod vectors of viral infections due to habitat destruction brought on by rapid 
urbanization. In the absence of specific immunity in these populations, such interac-
tions have been one of the major factors increasing human susceptibility to infections 
by novel outbreaks [3]. Viral infections are majorly divided into three categories that 
are respiratory viral infections, arboviral infections, and bat-borne viral infections [4].

Over four million people die from acute respiratory diseases each year, and  
millions more are hospitalized in developing nations [5]. Human respiratory infections 
are brought on by more than 200 viral pathogens from the families Orthomyxoviridae, 
Paramyxoviridae, Picornaviridae, Coronaviridae, Adenoviridae, and Herpesviridae. 
Adenoviruses, Respiratory syncytial virus (RSV), influenza, and parainfluenza are still 
significant respiratory pathogens [6]. A recurring pattern in the world’s landscape of 
infectious diseases has been the periods of dormancy that several pathogens experience 
after being first discovered, which are then preceded by their recurrence, frequently in 
more virulent forms. Arboviral diseases are transmitted by mosquitoes and are tedious 
to be diagnosed. The viral infections that are of major global concern are caused by 
arboviruses like West Nile virus (WNV), Japanese encephalitis virus (JEV), Dengue 
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virus (DENV), Chikungunya virus (CHIKV), Zika virus (ZIKV), Yellow fever virus 
(YFV), and others. Aedes aegypti mosquito populations are abundant throughout most 
of the nation, serving as effective carriers of DENV, CHIKV and ZIKV, which are still 
major threats worldwide (Figure 1, Table 1) [7].

2. Global outbreaks/pandemics in 21st century

2.1 Avian influenza

Humans can develop a variety of symptoms from asymptomatic or mild upper 
respiratory infections (fever and cough) to severe pneumonia, acute respiratory 
distress syndrome, shock, and even death from zoonotic influenza infections. The 
majority of human cases of avian influenza are brought on by direct or indirect contact 
with infected live or dead poultry or contaminated environments [8]. A total of 868 
human cases of influenza A (H5N1) infection and 456 fatalities have been reported 

Figure 1. 
Visualizing the history of pandemics. Data sources: CDC, WHO, BBC, Wikipedia, Historical records, 
Encyclopaedia Britannica, Johns Hopkins University; Source: Visual Capitalist. https://www.visualcapitalist.
com/history-of-pandemics-deadliest/.
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globally from 21 countries between 2003 and October 21, 2022. Three human cases of 
influenza A (H5N1) infection have been reported in Europe thus far, including one 
case from the United Kingdom in 2021 and two cases from Spain in 2022 [9].

The average incubation time for the Influenza A (H5N1) virus is 2–5 days, but it 
can last up to 17 days. Humans who are infected typically experience fever, malaise, 
coughing, sore throats, and muscle aches. A pneumonia complication may cause 
severe illness and even death. In comparison to seasonal influenza infection, the case 
fatality rate for avian influenza in humans is significantly higher [10].

2.2 Ebola virus disease

The Sudan Ebolavirus (SUDV)-caused Ebola outbreak in the Republic of Uganda 
was declared on September 20, 2022, following the confirmation of a case in a village 

Disease name Time period Causative agent Deaths CFR%

Global outbreaks/pandemics in 21st century

Monkey pox 2022 onward Monkeypox virus 51 3–6%

COVID-19 2019 onwards Coronavirus 6.6 M 10%

Ebola 2014–2016 Ebolavirus 11,000 50%

MERS 2012 onwards Coronavirus 858 34%

Swine flu 2009–2010 Influenza A virus 

subtype H1N1

2,00,000 0.40%

SARS 2002–2003 Coronavirus 770 9–11%

Global outbreaks/pandemics before 21st century

Nipah 1999 Nipah Virus 265 40–75%

HIV/AIDS 1981 onwards Human 

Immunodeficiency 

Virus

25–35 M 80%

Hong Kong Flu 1968–1970 Influenza A virus 

subtype H3N2

1 M <1%

Asian Flu 1957–1958 Influenza A virus 

subtype H2N2

1.1 M <2%

Spanish Flu 1918–1919 Influenza A virus 

subtype H1N1

40–50 M 2%

Russian Flu 1889–1890 Influenza A virus 

subtype H2N2

1 M 0.15%

Yellow Fever Late 1800 Yellow Fever virus 100,000–

150,000

39%

New World Smallpox 1520 Variola major virus 56 M ~1%

Japanese smallpox 

epidemic

735–737 Variola major virus 1 M -

Antonine Plague 165–180 Believed to be either 

smallpox virus or 

measles virus

5 M -

Table 1. 
Global outbreaks/pandemics in and before 21st century.

Please use Adobe Acrobat Reader to read this book chapter for free.
Just open this same document with Adobe Reader.

If you do not have it, you can download it here.
You can freely access the chapter at the Web Viewer here.

Securing Connection...Acrobat is blocking documentloading.com

or

File cannot be found.

https://get.adobe.com/reader/
https://documentloading.com/viewer/06d02a78832e4e4a9277ebc906a088ee
https://helpx.adobe.com/acrobat/using/allow-or-block-links-internet.html


Viral Outbreaks - Global Impact and Newer Horizons

4

in Madudu Sub-County, Mubende District, central Uganda, on September 19 [11, 12]. 
Humans occasionally contract the severe, frequently fatal disease known as the Ebola 
virus disease (EVD), formerly known as Ebola hemorrhagic fever. The virus spreads 
among humans through human-to-human contact and also via animals. Around 50% 
of EVD cases end in death on average. In previous outbreaks, case fatality rates ranged 
from 25 to 90% [13].

Ebola vaccines have been designed and used to prevent the spread of outbreaks 
of the disease in Guinea and the Democratic Republic of the Congo (DRC). Infected 
individuals may be treated with early supportive care combined with early symptom-
atic treatment and re-hydration increases their survival. Inmazeb and Ebanga, two 
monoclonal antibodies, were authorized by the US Food and Drug Administration in 
late 2020 for the treatment of Zaire Ebola virus (Ebola virus) infection in adults and 
children [14].

2.3 Marburg virus disease

Marburg virus disease (MVD), formerly known as Marburg hemorrhagic fever, is 
a serious, often fatal illness that affects humans. It is a member of the same pathogen 
family as the Ebola virus. Due to two significant outbreaks that occurred concurrently 
in Marburg, Frankfurt, Belgrade, Serbia, as well as in Germany, the disease was first 
discovered in 1967 [15]. After nearly 18 years, two cases of Marburg virus disease were 
identified in Ghana’s Ashanti region in July 2022. The risk of this 2022 outbreak spread-
ing is high at the national level but low at the global level, according to WHO. The 
average fatality rate is around 50% in MVD cases. In previous outbreaks, case fatality 
rates ranged from 24 to 88%, depending on virus strain and case management [16].

The Fruit bats of the Pteropodidae family, Rousettus aegyptiacus, are thought to 
be natural hosts of the Marburg virus. The Marburg virus is transmitted to humans 
by fruit bats and spreads via human-to-human transmission [17]. Marburg virus 
infection is characterized by the sudden onset illness with excruciating headaches, 
high fever, and excruciating malaise. Within a week, many patients experience severe 
hemorrhagic symptoms, and in fatal cases, bleeding is typically present, frequently 
in multiple locations [15]. Early supportive care, including rehydration and symptom 
relief, improves survival. There is currently no licensed treatment that has been 
proven to neutralize the virus, but a variety of blood products, immune therapies, and 
drug therapies are being developed [18].

2.4 Yellow fever

A family of positive, single-stranded, enveloped RNA viruses known as the 
Flaviviridae. They can occasionally infect humans and are found in arthropods, 
primarily in ticks and mosquitoes [19]. The members of this family are major global 
causes of morbidity and mortality. YFV, DENV, JEV, WNV and ZIKV are a few of the 
viruses spread by mosquitoes [20].

Yellow fever is a viral hemorrhagic fever disease, transmitted by Aedes mos-
quitoes. Tropical regions of Africa, Central and South America are affected by this 
disease [21]. YF exhibits acute-onset jaundice along with constitutional symptoms 
like fatigue, headache, nausea, nausea, myalgia, fever, and nausea. Cases with severe 
symptoms may experience liver and multiple organ failure, and the CFR in these 
situations may reach 50% [22].
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The IgM ELISA assay and qRT-PCR are the two main methods used in laboratory 
diagnosis. Due to the cross-reactivity with other flaviviruses, a plaque reduction 
neutralization test (PRNT) may be required. There is a YF vaccine that is incredibly 
effective. Within 10 days of vaccination (80–100% effective), and within 30 days 
(99% effective), a single dose of the YF vaccine is sufficient to confer life-long immu-
nity [23]. An unprecedented initiative, the eliminate yellow fever epidemics (EYE) 
strategy was introduced in 2017. The EYE partnership with more than 50 partners 
assists 40 at-risk nations in Africa and the Americas in preventing, detecting, and 
responding to suspected cases and outbreaks of yellow fever. The collaboration aims 
to safeguard vulnerable populations, stop the global spread, and swiftly contain 
outbreaks. More than a billion people are anticipated to be immune to the illness by 
2026 [24].

Zika virus was first discovered in Uganda in 1947 in monkeys. Later, in 1952, it was 
discovered in people in the United Republic of Tanzania and Uganda. The Island of 
Yap (Federated States of Micronesia) reported the first known outbreak of the zika 
virus disease in 2007. This was followed by a significant zika virus infection outbreak 
in 2013 in French Polynesia and other Pacific region nations and territories [25]. 
Other important mosquito-borne flaviviruses are Japanese encephalitis virus (JEV), 
is responsible for causing 68,000 clinical cases per year, which is the primary cause of 
viral encephalitis in many Asian nations. JEV transmission is endemic in 24 countries 
in the WHO South-East Asia and Western Pacific regions, putting the health of more 
than three billion people at risk [26].

2.5 Severe acute respiratory syndrome-associated coronavirus (SARS-CoV)

The SARS-associated coronavirus (SARS-CoV)causes respiratory disease 
known as a severe acute respiratory syndrome (SARS). It was discovered at the end 
of February 2003 as part of an outbreak that began in China and spread to four 
other countries [27]. SARS is an airborne virus that, like the common cold and 
influenza, can spread through small droplets of saliva. It was the first severe and 
easily transmissible new disease to emerge in the twenty-first century, with a clear 
capacity to spread along international air travel routes [28]. The majority of SARS 
patients were previously healthy adults aged 25–70 years. A few suspected SARS 
cases among children under the age of 15 have been reported. The case fatality rate 
among people is around 3% [29].

2.6 Nipah virus

In 1998, a case outbreak of acute febrile encephalitis among pig handlers in 
Kampung Sungai Nipah, Malaysia, led to the discovery of NiV for the first time. 
Nipah virus (NiV) is a pathogenic Paramyxovirus that, along with the Hendra virus, 
is a member of the Paramyxoviridae, genus Henipavirus. It causes acute-onset 
encephalitis, which can be fatal to humans [30]. Pteropus Bats are thought to be the 
reservoir for the NiV, and contact with positive NiV cases or an intermediate animal 
host, such as pigs, usually results in transmission to humans. The virus can also spread 
from person to person, according to reports [31]. There have been NiV outbreaks in 
pigs reported from Malaysia and Singapore. Human disease has since been reported in 
Bangladesh, India, Malaysia, and Singapore. The latest outbreak was seen in May 2018 
in Kerala, India [32].

Please use Adobe Acrobat Reader to read this book chapter for free.
Just open this same document with Adobe Reader.

If you do not have it, you can download it here.
You can freely access the chapter at the Web Viewer here.

Securing Connection...Acrobat is blocking documentloading.com

or

File cannot be found.

https://get.adobe.com/reader/
https://documentloading.com/viewer/06d02a78832e4e4a9277ebc906a088ee
https://helpx.adobe.com/acrobat/using/allow-or-block-links-internet.html


Viral Outbreaks - Global Impact and Newer Horizons

6

The average incubation period for NiV disease in humans is 4–14 days, while the 
maximum incubation period is 21 days. Acute febrile encephalitis is the condition that 
the virus causes and symptoms include fever, headache, drowsiness, dizziness, and 
coma. NiV infection in humans and animals is confirmed by anti-Nipah IgM and IgG 
antibody detection, virus isolation, and RNA analysis [33].

3. Global outbreaks that lead to Pandemic

3.1 Monkeypox

A viral zoonotic disease called monkeypox is most common in tropical rain-forest 
regions of Central and West Africa, with sporadic exportations to other areas. As 
of November 8, 2022, a total of 78,599 cases were reported in newer areas; where 
monkeypox has never been previously reported; while 949 cases were reported from 
the endemic area [34]. The Monkeypox virus, a species of the Orthopoxvirus genus 
in the family Poxviridae, is the culprit behind monkeypox. Typically, monkeypox is 
a self-limiting illness with symptoms that last between 2 and 4 weeks. There may be 
severe cases. The case fatality rate has recently been in the range of 3–6%. Humans 
can contract monkeypox by coming into close contact with an animal or person 
who has the disease, as well as by coming into contact with contaminated objects. 
By coming into close contact with lesions, bodily fluids, respiratory droplets, and 
contaminated objects like bedding, the monkeypox virus can spread from one person 
to another [35]. Clinical symptoms of monkeypox typically include fever, rash, and 
swollen lymph nodes, and it can result in a variety of health issues. The monkeypox 
vaccines used in the smallpox eradication program also offered protection from that 
disease. There are more recent vaccines available, one of which is authorized for the 
prevention of monkeypox [36].

3.2 SARS-CoV-2

Hospitals in Wuhan, Hubei province, China, reported on a cluster of pneumo-
nia cases with no known cause on December 31, 2019, grabbing the attention of 
people all over the world. A new coronavirus was identified and named as Severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) which was identified 2 
weeks later in a bronchioalveolar lavage of the patients. The SARS-CoV-2 causes 
respiratory infections along with multi-organ involvement disease known as 
Coronavirus disease (COVID-19) [37].

Over 627 million cases, including over 6.5 million fatalities, had been reported 
globally as of October 30, 2022 [38]. Both symptomatic and asymptomatic individu-
als can spread the virus to others by coming into close contact (within six feet) and 
exchanging respiratory droplets. Transmission may also happen through aerosols and 
possibly through contact with infected surfaces [39].

Due to the rapid emergence of some variants in populations and the evidence 
of transmission or clinical implications, these variants are regarded as variants of con-
cern. Omicron (B.1.1.529) variants found in changing sub-lineages have dominated 
the world’s circulating variants since 2022. At the same time, the Alpha (B.1.1.7), Beta 
(B.1.351), Gamma (P.1), and Delta (B.1.617.2) were prior variants of concern that are 
less circulating [40].
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3.3 Influenza

The Orthomyxoviridae family of influenza viruses is frequently held responsible 
for epidemics and pandemics that affect humans. Prior to the 2009 pandemic, 
influenza pandemics occurred in 1918 (swine flu), 1957 (Asian flu), 1968 (Hong 
Kong flu), and 1977 (Russian flu) (pandemic influenza A H1N1) [41]. The influenza 
A, B, and C viruses are responsible for the acute respiratory illness influenza, which 
can appear locally or as a seasonal epidemic. Seasonal epidemics are brought on by 
the influenza A and B viruses, whereas influenza C viruses typically only cause minor 
illness. The antigenic characteristics of the two surface glycoproteins on influenza A 
viruses—hemagglutinin and neuraminidase—are used to further categorize them 
into subtypes. The influenza A virus has 16 hemagglutinin and 9 neuraminidase 
subtypes that have been isolated from birds (H1 to H16 and N1 to N9), and the RNA of 
an additional 2 haemagglutinin and neuraminidase subtypes that have been identified 
in bats (H17 and H18 and N10 and N11) [42].

The majority of human cases of avian influenza are brought on by direct or indi-
rect contact with infected live or dead poultry or contaminated environments. A total 
of 868 human cases of influenza A (H5N1) infection, including these 2 cases, and 456 
fatalities have been reported globally from 21 countries between 2003 and October 
21, 2022. Three human cases of influenza A (H5N1) infection have been reported in 
Europe thus far, including one case from the United Kingdom in 2021 and two cases 
from Spain in 2022 [43].

Humans can develop a variety of symptoms from asymptomatic or mild upper 
respiratory infections (fever and cough) to severe pneumonia, acute respiratory 
distress syndrome, shock, and even death from zoonotic influenza infections. Animal 
influenza viruses can infect humans directly, and the resulting clinical illness can 
range from mild to severe, just like human influenza viruses [44]. A history of expo-
sure to sick birds or travel to countries where avian influenza cases are being reported 
may raise suspicion of a novel influenza virus infection, but a definitive diagnosis 
requires laboratory tests that are typically only available through public health 
laboratories [9]. Identification of such infections is critical for determining the source 
of the virus, establishing evidence of person-to-person transmission, and assessing 
pandemic potential [41].

3.4 MERS-CoV

The zoonotic virus MERS-CoV, which causes respiratory infections, was first 
discovered in Saudi Arabia in 2012 and has since spread to 26 other nations. MERS-
CoV infection has been linked to over 2207 lab-confirmed cases and 787 fatalities 
worldwide since 2012. The MERS-CoV clinical spectrum of illness includes asymp-
tomatic infections all the way up to acute respiratory distress syndrome, which can 
lead to multiple organ failure and death. At 3–4 per 10 cases shows severe symptoms, 
the case-fatality rates (CFRs) have remained high [45].

The dynamics of this virus’ transmission are currently poorly understood, and 
there is still no effective cure or preventative vaccine. Even in the absence of muta-
tions conferring hyper-virulence, there is evidence for secondary, tertiary, and 
quaternary cases of MERS resulting from a single infected patient [46]. The natural 
reservoirs of this virus are bats, and patients have been reported who developed an 
infection from camels. The virus was transmitted in several countries’ healthcare 
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facilities, including transmission from patients to healthcare providers and transmis-
sion between patients before MERS-CoV was identified. Because symptoms and other 
clinical features may be nonspecific, it is not always possible to identify patients with 
MERS-CoV early or without testing [47].

4. Conclusions

The diversity in geo-climate of the world faces constant threat of viral outbreaks. 
It is impossible to predict when the next viral outbreak will start or what virus it will 
be. Therefore, non-pharmaceutical interventions should be used first to control the 
viral transmission from person to person, according to pandemic preparedness plans. 
For outbreaks to be successfully controlled, community involvement is essential. A 
combination of interventions, including case management, infection prevention and 
control procedures, surveillance and contact tracing, a top-notch laboratory service, 
safe and respectable burials, and social mobilization, are necessary for effective 
outbreak control.

5. Future perspectives

Disturbingly, future outbreaks and a pandemic are still a possibility because there 
are no vaccines for the various viral infectious strains, no effective treatments, and 
a high mortality rate. Therefore, it is crucial to ponder quickly about the disease and 
ways to stop a virus-related pandemic. There is a need for the creation of antivirals 
that are particular to the virus as well as vaccines against viral strains. All govern-
ments should make sure that their citizens have access to viral disease treatments. 
Additionally, for the prevention of viral transmission to the globe, it must be limited 
at the initial stage. To stop a future outbreak and potential pandemic, it is crucial to 
spread awareness early among people around the world.
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