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Abstract

Infectious diseases continue to be the leading cause of morbidity and mortality, and
a formidable obstacle to the development and well-being of people worldwide.
Viruses account for more than half of infectious disease outbreaks that have
plagued the world. The past century (1918/19-2019/20) has witnessed some of the
worst viral disease outbreaks the world has recorded, with overwhelming impact
especially in low- and middle-income countries (LMIC). The frequency of viral dis-
ease outbreak appears to be increasing. Generally, although infectious diseases
have afflicted the world for centuries and humankind has had opportunities to
examine the nature of their emergence and mode of spread, almost every new
outbreak poses a formidable challenge to humankind, beating the existing pandemic
preparedness systems, if any, and causing significant losses. These underscore in-
adequacy in our understanding of the dynamics and preparedness against viral
disease outbreaks that lead to epidemics and pandemics. Despite these challenges,
the past 100 years of increasing frequencies of viral disease outbreaks have
engendered significant improvements in response to epidemics and pandemics, and
offered lessons to inform preparedness. Hence, the increasing frequency of emer-
gence of viral outbreaks and the challenges these outbreaks pose to humankind, call
for the continued search for effective ways to tackle viral disease outbreaks in real
time. Through a PRISMA-based approach, this systematic review examines the
outbreak of viral diseases in retrospect to decipher the outbreak patterns, losses
inflicted on humanity and highlights lessons these offer for meaningful preparation

against future viral disease outbreaks and pandemics.

KEYWORDS
epidemics, infectious diseases, lessons, pandemics, viral outbreaks

Abbreviations: AIDS, Acquired Immune Deficiency Syndrome; CDC, Centre for Diseases Control; COVID, Coronavirus Diseases; DNA, Deoxyribonucleic Acid; EHF, Ebola Haemorrhagic
Fever; FDA, Food and Drugs Authority; HIV, Human Immunodeficiency Virus; IHR, International Health Regulations; LMIC, Low- and Middle-Income Countries; MERS-CoV, Middle East
Respiratory Syndrome Coronavirus; RNA, Ribonucleic Acid; SARS-CoV, Severe Acute Respiratory Syndrome Coronavirus; SEARO, South-East Asia Region; UNAIDS, Joint United Nations
Programme on HIV/AIDS; US, United States; USA, United States of America; WHO, World Health Organisation.

Rev Med Virol. 2023;e2475.
https://doi.org/10.1002/rmv.2475

wileyonlinelibrary.com/journal/rmv © 2023 John Wiley & Sons Ltd. 1of 13


https://doi.org/10.1002/rmv.2475
https://orcid.org/0000-0001-5012-9564
https://orcid.org/0000-0002-7429-1707
mailto:ninii-trebi@ug.edu.gh
https://orcid.org/0000-0001-5012-9564
https://orcid.org/0000-0002-7429-1707
http://wileyonlinelibrary.com/journal/rmv
https://doi.org/10.1002/rmv.2475
http://crossmark.crossref.org/dialog/?doi=10.1002%2Frmv.2475&domain=pdf&date_stamp=2023-08-21

NII-TREBI eT AL

20of 13
2% L WILEY
1 | BACKGROUND

Globally, infectious diseases represent a formidable and major
barrier to the development and well-being of people and econo-
mies, particularly in developing and underdeveloped nations.® For
centuries infectious disease epidemics and pandemics have
plagued the world with devastating outcomes. Viral infections
contribute significantly to morbidity and mortality attributable to
infectious diseases. The years 1918/1919 to 2019/2020 define a
century that has witnessed some of the deadliest viral infectious
disease outbreaks in history. The effects of these outbreaks
continue to be severe in low- and middle-income countries
(LMIC).2

Beginning in the year 1918/1919, the world recorded the
outbreak of the flu pandemic (named Spanish flu) caused by the
influenza A subtype H1N1 virus that became one of the most
devastating viral disease outbreaks in history, having claimed be-
tween 50 and 100 million human deaths globally.>* Subsequent to
that, various subtypes of Influenza A virus have emerged, which
caused epidemics and pandemics in various locations globally. These
include the 1957-1958 Asian flu pandemic that began in East Asia
and caused by a novel Influenza A subtype H2N2 virus, that resulted
in approximately one to four million deaths globally.>® That was
followed by the 1968 H3N2 influenza pandemic, first detected in the
United States (US), which also claimed approximately one million
lives globally.

Other viral disease outbreaks in the hundred years historical
timeline include the 2003 severe acute respiratory syndrome coro-
navirus (SARS-CoV) epidemic, the 2009 swine flu pandemic, the 2012
Middle East respiratory syndrome coronavirus (MERS-CoV)
outbreak, the 2013-2016 West African Ebola virus epidemic, the
2015 Zika virus outbreak, and the 2010-2011 H1N1 influenza
pandemic.®71° In 2019, one hundred years after the Spanish flu, the
world was stricken again with another pandemic, the Coronavirus
disease of 2019 (COVID-19) pandemic that has killed millions of
people, crippled healthcare systems and caused socioeconomic
breakdown globally.***? Of note, the continued life-threatening
questions posed by outbreaks of viral infectious diseases necessi-
tate continued exploration into causative agents, circumstances of
their emergence and factors of their spread to inform the develop-
ment of effective control measures. This is the drive and focus for
this review.

This review on dynamics of viral disease outbreaks is presented
in four major sections put under (1) background and introduction, (2)
procedure for identifying relevant materials, (3) observations from
analysis of the historical records obtained; and (4) discussion of the
findings as well as emerging issues. The review concludes with a
summary of the key findings and issues for consideration in effective

preparedness against viral disease outbreaks.

2 | MATERIALS AND METHODS

The sources of information used in this review of hundred years of
viral disease outbreaks were drawn from peer-reviewed articles
retrieved from PubMed, National Library of Medicine, Scopus and
Google scholar. The advanced search tool was utilised in conjunction
with a variety of themes connected to viral diseases and outbreaks.
The search was limited to outbreak of viral diseases as the inclusion
criteria, and the period for the review materials searched was from
1918/19 to 2020. Even though the goal was to gather as many
documents as possible, articles and documents judged unimportant
based on the content were discarded. The keywords used to find
review articles were a combination of the terms ‘infectious disease
outbreaks’, ‘viral pandemics’, ‘20%" century’, ‘fatality’, ‘severity’, and
‘disease burden.” These keywords were put together by use of ‘OR’
and ‘AND’ Boolean operators. For example, the search for articles on
viral infectious disease outbreaks in premodern and modern times
was set as follows: TS = (‘infectious disease outbreak™ or ‘influenza
or ‘Ebola’ or ‘COVID-19") AND TS = (20" century® or ‘modern * or
‘losses’ or ‘lessons’ or ‘challenges’).

In all, 2046 articles were found during the search. To optimise
the quality of the information, the articles obtained were filtered
using the title of the article, abstract, or full text; and articles that did
not satisfy the inclusion criteria were rejected. Duplicate articles and
those unrelated to infectious disease outbreaks were among the
documents rejected. After the initial screening, 823 articles that
satisfied the inclusion criteria were considered. The process
employed in identifying suitable records for inclusion in the review
included different document types, such as research articles, review
articles and abstracts (Figure 1).

Records obtained were entered into excel and summarised for
presentation in this review. Information of interest retrieved for each
virus that caused an outbreak includes the year(s) of outbreak,
countries or regions affected, extent of the outbreak/estimated
number of deaths caused, mode of transmission and natural host.
Where appropriate, these were presented in tables, bar graph and pie
chart. Case fatality was evaluated solely on account of the number of
deaths attributable to an outbreak. In some cases, the number of
deaths was estimated over a range. In such cases, an approximation
of the median, 75" or 100" percentile was used in further analysis as
the case may be. Further information was derived that include the
total number of years a particular virus caused an outbreak in the
century under review and the total number of deaths caused by each
virus in all its appearances over the period. The number of deaths per
year was obtained by dividing the total number of deaths by the total
number of years of outbreak. Where an outbreak continued for years
consecutively, such as HIV that emerged in 1981 and has continued
till today (42 years), or the current SARS-CoV-2 driven COVID-19

pandemic (2019-date), the outbreak was considered as continuous
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and counted as one, irrespective of the duration of the outbreak.
However, if an outbreak lasted for about 2 years followed by a year
or two of silence and then reappeared a second time, it was counted
as two, in that order. The findings and observations made from the

analysis are presented and discussed in the following sections.

3 | RESULTS
3.1 | Viruses that caused epidemics and pandemics

There were a total of 51 viral outbreaks that resulted in epidemics
and pandemics in the century under review. These outbreaks were
caused by twenty-seven (27) viruses, including 5 subtypes of Influ-
enza A (HIN1, H2N2, H3N2, H5N1 and H7N?9). Figure 2 shows the
viruses responsible for the outbreaks recorded. The figure displays
the frequency of the viruses in terms of the number of outbreaks and
the corresponding percentage of the total number of outbreaks
recorded. Two percent (as in the case of Influenza A subtype H7N9)
indicates this particular virus strain appeared once (1/51) in the
century, and 12% indicates approximately 6 appearances over the
period under review.

In all, 15 viruses appeared only once. The duration of these ap-
pearances ranged from as short as 1 year, in the cases of Hepatitis A
(China, India, 1988), Hepatitis B (India, 2009), Influenza A (H7N9) of
India (2015) and Japanese Encephalitis (India, 2017) to as long as
42 years (HIV, 1981) and 50 years in the case of Mpox (1970). The
viruses that appeared once are those with a 2% frequency score, nine
of which are grouped under ‘Other’ (9, 18%) in the pie chart

(Figure 1). In terms of frequency of outbreaks, the six most significant

viruses are Yellow fever (six times, 12%), Dengue (also six times,
12%), Ebola and Influenza A subtype H1N1 (four times or 8% each),
followed by Poliomyelitis and Smallpox, each of which made three
appearances (6% each) in the century. These frequencies underscore
the outbreak potential of the viruses but not the fatality rate or
duration of the outbreaks.

The details about the viruses with respect to years and duration
of outbreak, regions affected and outcome of each outbreak in terms
of the number of human deaths recorded or estimated among others
are shown in Table 1. The record shows HIV has lasted the longest,
from its detection in 1981 until present. Besides its frequent
appearance, Dengue outbreak appears to last long, being the second
longest outbreak, having lasted for 12 years in all, among the 26
viruses in the century. Dengue is followed closely by the three vi-
ruses, Hand, foot and mouth disease, MERS-CoV and Yellow fever
with 11 years total duration. Four other viruses that recorded
appreciably high numbers of deaths and demonstrated a propensity
for frequent occurrence are Influenza A HIN1 (Spanish flu), Polio-
myelitis, Measles and Ebola. SARS-CoV-2 falls under special consid-
eration, in that, its appearance marks the end of the century under
consideration. The century in focus thus began with the pandemic
Influenza A HIN1 of 1918/1919 that lasted just for about two years
but claimed tens of millions of lives; records another influenza
pandemic in 1968 (the Hong Kong flu caused by Influenza A H3N2),
exactly 50 years after the 1918/1919 outbreak, and ends with the
COVID-19, which is now in its third year and has claimed close to
seven million lives and counting.

With regards to extent of the outbreak, some viral outbreaks
appear to be concentrated in certain regions more than others,

causing epidemics in those regions, whereas others move across
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FIGURE 2 Frequency of 27 viruses that caused epidemics and pandemics in the hundred years, 1918/1919-2019/2020. Segments of the
pie chart are labelled with the virus name, the number of outbreaks and the corresponding percentage out of the total of 51 outbreaks.

regions and continents-the cause of pandemics. Influenza A subtypes
H1IN1 and H2N2, HIV, the Coronaviruses (MERS-CoV and SARS-
CoV, SARS-CoV-2), Poliomyelitis, Measles and Zika virus were
responsible for most of the pandemics encountered. Dengue virus
appeared mostly in parts of Europe and Asia but is less common in
Africa. On the other hand, Yellow fever, Rift Valley fever, Marburg,

Lassa fever and Ebola appeared to be restricted to Africa.

3.2 | Estimates of case fatality per year over the
course/duration of viral outbreaks.

To evaluate case fatality, the cumulative number of deaths caused by
the respective viruses over the duration presented in Table 1 were
normalised by finding the number of deaths per year as indicated in
the methods section. Figure 3 presents this data. Four viruses caused
extremely high mortalities, the values of which are beyond the scale
of the figure and so could not be shown in the graph. They are
Influenza A H1N1, SARS-CoV-2, Influenza A H2N2 and HIV. These
have been shown in the chart area of Figure 3 with their respective
number of deaths per year. Further attention would be given to these
again later. Besides these four viruses, Smallpox, Yellow fever and
Poliomyelitis also accounted for an appreciably high number of
deaths per year.

Determinations were done regarding the mode of transmission
of the various viruses, the nature of the resulting outbreak and the
natural hosts for viral emergence. Details of these are shown in
Table 2. In all, 16 near-distinct modes were identified. Broadly, the

transmission modes can be grouped under (1) bite of a mosquito
(Aedes or Culex), (2) contact with infected blood/body fluids or organ
of an infected person, (3) contact with respiratory droplets of an
infected person, (4) contact with an infected animal such as pigs,
poultry, bats, rats, and camels, and (5) contact with infected food or
water.

Findings showed that viruses transmitted by the respiratory
route, either person-to-person or contact with infected animal (such
as bat, pig or poultry) or surfaces were commonly associated with
pandemics. Exposure to faeces/urine, contaminated food, water, or
surfaces were the common routes for the outbreak of epidemics.
Correspondingly, pigs, poultry, birds and bats commonly served as
natural hosts for respiratory viruses and were therefore commonly
associated with pandemics, whereas human hosts and mosquito
species are commonly associated with epidemics.

4 | DISCUSSIONS

Observations highlight some important factors that promote viral
disease outbreaks, epidemics and pandemics. These include climate
change, urbanisation, environmental degradation and hence
destruction of natural habitats of viral pathogens, gene mutations to
enhance adaptation to changed environment and consumption of
wildlife meat among others. These consequently lead to changes in
reservoir or intermediate host populations.2*%® All the deadliest viral
disease outbreaks have been linked in one way or another to these

factors. Contact with respiratory droplets from infected person,
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TABLE 1 Alphabetical list and impact of 27 viruses that caused outbreaks in the past century.

Years of outbreak/Duration

Duration Estimated fatality
No. Virus Years (years) Countries/regions affected (Cumulative)
1 Chikungunya®®14 2013-2015 2 Mozambique, Europe and the Americas 183
engue fever " | - | , ; entral America, Indonesia, Singapore, India,
2 D fever’>'7 2000, 2004-2009, 2011, 2013 12 C | America, Indonesia, Si India/ 7972

2017, 2019-2020 Pakistan/Philippines, Puerto Rico/Dominican
republic/Mexico, Cambodia/Brazil, Bolivia/

Queensland/Australia, Peshawar/Pakistan/Sri

Lanka, Asia-Pacific/Latin America

3 Ebola®®?° 2004, 2007, 2013-2015, 2018- 8 Sudan, DR Congo/Uganda, West Africa, DR Congo/ 13,889
2020 Uganda,

4 Hand, foot and 2008-2017, 2011 11 China, Vietnam 3492
mouth
disease???

5  Hepatitis A232* 1988 1 Shanghai/China, India 40

6  Hepatitis B2>2¢ 2009 1 India 49

7  HIV/AIDS?-%° 1981 - present 42 Worldwide 37 million

8 Influenza A 1918-1920, 1977-1979, 2003, 8 Worldwide, Southeast Asia/Egypt, worldwide 100 million
(HIN1)47:30 2009-2010

9 Influenza A 1957-1958 2 Worldwide 4 million
(H2N2)3132

10 Influenza A 1968-1970, 1972-1973 3 United States 1027
(H3N2)%®

11 Influenza A 2013-2019 6 China 616
(H5N1)%4%

12 Influenza A 2015 1 India 2035
(H7N9)®

13 Japanese 2017 1 India 1317
Encephalitis®”%®

14  Lassa fever®’ 2019 - present 3 Nigeria 247

15 Marburg virus*® 1998-2000, 2004-2005 4 Democratic republic of the Congo, Angola 221

16 Measles virus*? 2010-2014, 2019-2020 6 DR Congo, Vietnam, New Zealand, Philippines, Kuala 12,175

Koh, Malaysia, Samoa

17 MERS-CoV*243 2012 - present 11 Worldwide 941

18 Monkey pox**-4¢ 1970 - present 50 Democratic republic of the Congo, West Africa 24500

19 Nipah virus*”*® 1998-1999, 2018 3 Malaysia, India 122

20 Poliomyelitis**~>1 1937, 1948-1952, 1971 6 Worldwide, Australia, United States, Netherlands 16,150

21 Hepatitis E/A°%>°%  2014-2015 2 Inda 36

22 Rift Valley fever®*>®> 2006-2007 2 East Africa 394

23  SARS-CoV°%~28 2002-2004 2 Worldwide 774

24  SARS-CoV-212°7 2019 - present 3 Worldwide 7 million

25  Smallpox®©¢? 1924-1925, 1972, 1974 4 Minnesota (United States), Yugoslavia, India 15,535

26 VYellow fever®? 1940, 1960-1962,1986-1987, 11 Sudan, Ethiopia, Nigeria/Mali, Sudan, Angola/DR 38,400

2012,2016, 2020 - present Congo, Nigeria
27  Zika virus®3-%° 2015-2016 2 Worldwide 53

Mpox fatality estimated was obtained using a case fatality ration of 10% of an average of 1000 cases per year for 45 of the 50 years since the first
human case was detected.
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HePza_tki“S E/A 'I 12*; Estimates for the top four most deadly outbreaks:
IKa virus

HepatitisA W 40 HIV/AIDS - 37000 000

Nipahvirus m 41 Influenza A subtype HIN1 - 12 500 000
E HepatitisB m 49 SARS-CoV-2 - 2333333
g Marburg virus m 55 Influenza A subtype H2N2 - 2 000 000
c Lassa fever mm 82
8 MERS-CoV mm 86
E Chikungunya m=m 92
e Influenza A (HSN1) == 103
L Rift valley fever mmmm 197
GEJ- Hand, foot and mouth disease m—— 317
0 Influenza A (H3N2) mom— 342
g SARS-COV e 387
%] Dengue fever m—— G4
S Japanese Encephalitis 1317
3 Ebola 1736
'§ Measles virus 2029

Influenza A (H7N9) 2035
Poliomylitis 2692
Yellow fever 3491
Smallpox 3884
0 500 1000 1500 2000 2500 3000 3500 4000 4500

Estimated number of deaths

FIGURE 3 Cumulative number of deaths per year caused by viral outbreaks in the century 1918/1919-2019/2020. The number of deaths
per year was determined for the duration of the epidemic/pandemic. Four viruses caused extremely high mortalities, such that the number
of deaths caused per year are beyond the scale of the figure. These have been separated, embedded in the figure. They are Influenza

A HIN1, SARS-CoV-2, Influenza A H2N2 and HIV.

contact with blood or body fluids from infected person, contact with
infected animal or animal product, and bite of infected arthropod
such as mosquito, are some of the routes of transmission of the viral
outbreaks observed. Consequently, pandemics are more likely to
occur where there is increasing interaction among human pop-
ulations, and among human and animal ecological communities.®”"”%
Furthermore, trade expansion, ease of local mobility and interna-
tional air travel, which promote more frequent human-human in-
teractions, represent important contributory factors for spread, once
viral emergence has occurred.®®’? It is noteworthy that several of
the outbreaks recorded, such as the SARS coronavirus, spread to
several other nations as a result of travelling before the transmission
was brought under control.”® Briefly, these factors have been illus-
trated below using some candidate viruses whose outbreak have
inflicted severe wounds on humanity, and whose emergence appears

to be on the rise and so deserves particular attention.

4.1 | Respiratory virus pandemics: Influenza A
HiN1

Evaluation of viral outbreaks in the past century confirms the influ-
enza pandemic of 1918-1919 as the most devastating pandemic in
the century.”#7% The cause of the outbreak and its association with
avian influenza, however, was not known until the 1930s when it was

confirmed to be caused by the HIN1 influenza virus with genes from

avian sources.>”” Until now, at least 5 subtypes of Influenza A have
been described that have caused epidemics and pandemics, mainly
through human contact with infected respiratory droplets or contact
with infected animals such as poultry (H5N1), pig (H3N2, HIN1,
H7N9) or birds (H2N2, HIN1) (Table 2).

4.2 | Blood-borne pandemics: HIV/AIDS

The human immunodeficiency virus (HIV) was first reported in July
1981, by doctors in New York and California, as a rare form of cancer
predominantly among homosexual men.”® As the cause of this
outbreak was initially unknown, the disease was referred to as
Kaposi's sarcoma, before it was later named acquired immune defi-
ciency syndrome (AIDS).”? In 1983, the retrovirus HIV was identified
as the causative agent for AIDS.8%81 AIDS, which started as an
epidemic in 1981, soon became an important global public health
issue. Today, Africa south of the Sahara carries the heaviest burden
of the disease.®2 Contact with infected blood and sexual contact

remain the modes of transmission of the virus.®®

4.3 | Zoonosis associated epidemics: Ebola

Ebola virus is a zoonotic pathogen that infects both human and

nonhuman hosts, causing Ebola haemorrhagic fever (EHF). The
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TABLE 2 Viral outbreaks by transmission mode.

No. Transmission mode Viruse(s)

1 Bites of infected Aedes mosquito species Dengue
Chikungunya
Yellow fever

Zika virus

2  Contact with blood/body fluids of infected persons Ebola

Hand, foot, and mouth disease

3 Fecal-oral transmission -contact with infected food/ Hepatitis A
water
Hepatitis E

4 Contact with infected blood HIV/AIDS

5 Person-to-person; respiratory droplet of infected
persons

Influenza A (H2N2)

6 Pigs-to-human; respiratory droplets of infected
persons or infected surfaces

Influenza A (HIN1)

Influenza A (H7N9)

7 Human contact with infected birds or virus-
contaminated environment

8 Exposure to infected poultry

9 Bite of infected culex mosquitoes sp. (Culex
tritaeniorhynchus)

10 Exposure to urine and faeces of infected animals, Lassa fever

body secretions of infected persons

11 Contact with infected bats, close contact with Marburg virus

infected foods and persons (nipah)

Nipah virus infection

12 Contact with respiratory droplets of infected Measles

persons, or by airborne spread through coughs

13 Contact with dromedary camels

Influenza A (HIN1)

Influenza A (H3N2)

Influenza A (HIN1)

Influenza A (H5N1)

Japanese encephalitis virus

Middle East respiratory syndrome Pandemic

WILEY— %

Extent of outbreak Natural host

Epidemics Aedes aegypti mosquito sp.
Aedes aegypti mosquito sp.
Aedes and haemogogus sp.
Aedes aegypti mosquito sp.

Epidemic Fruit bats, some non-human

primates (wild animals)

Epidemic Humans

Epidemic Humans

Epidemic Humans

Pandemic Chimpanzees

Pandemic (Spanish Wild aquatic bird and duck

flu)
Pandemic (Asian flu)  Birds, ducks

Pandemic (Hongkong Pigs

swine flu)

Pandemic (Russian Pigs
swine flu)

Epidemic (Indian Pigs
swine flu)

Epidemic (South East Wild aquatic birds
Asia and Egypt)

Epidemic (avian Poultry

influenza)

Epidemic (India) Pigs and birds

Mastomys rats

Epidemic (Nigeria)

Epidemic (DR Congo, African fruit bats

Angola)
Epidemic Fruit bat
Epidemics Humans

Dromedary camels, bats

coronavirus (MERS-CoV)

14 Contact with blood or organs of infected animals

15 Respiratory droplet of infected persons SARS-CoV
SARS-CoV-2

16 Contact with infected persons (person-to-person) Smallpox
Monkey pox

first confirmed case of Ebola was detected in Guinea, Africa.?®

The 2014 Ebola outbreak in West Africa was one of the deadliest
outbreaks in recent times.!” The outbreak mostly affected West
African countries including Guinea, Liberia and Sierra Leone-the
three most heavily affected countries, as well as Nigeria,
Senegal and Mali. Other nations affected are Spain, the United

Rift Valley fever

Epidemic Aedes mosquito species
Pandemic Bats

Pandemic Bats

Epidemic Humans

Epidemic Unknown

Kingdom, ltaly, Senegal, Mali and the United States.'®8* The Ebola
virus was initially suspected to be transmitted through contact
with the meat of infected animals; but once it is established in
the human population, it can then be transmitted through direct
contact with the body fluids of infected individuals whether dead

or alive.®®
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4.4 | Arthropod-borne epidemics: Arboviruses

For decades, Arboviral diseases were thought to play minor roles in
global cases of morbidity and mortality. As such, little attention was
given to research into Arboviruses, particularly in Africa. However,
the unprecedented surge in emergence of Arboviral disease out-
breaks in recent decades®® necessitated increased attention. Ar-
thropods such as mosquito species are the source of emergence of
various Arboviral outbreaks, including Yellow fever, Zika virus,
Dengue and Chikungunya. Globalisation and climate change appear
to be major factors promoting their spread.2”#® These findings un-
derscore the need for greater attention to Arboviral disease sur-
veillance and research to help reduce the increasing frequency of

their infections.

4.5 | Coronavirus pandemics: MERS-CoV, SARS-CoV
and SARS-CoV-2

Like influenza viruses, Coronaviruses are partly responsible for the
seasonal respiratory diseases observed. The alpha coronaviruses
cause normal colds. Three beta-coronaviruses that have caused
outbreaks in man in the century under review include the SARS-CoV
in 2003, MERS-CoV in 2012, and SARS-CoV-2 in 2019.5%%7 The
SARS-CoV-2 virus was discovered in a group of patients in Wuhan in
early December 2019 as the causative agent of what was initially
known to be a rare form of pneumonia, but which was later identified
as a new coronavirus responsible for COVID-19. Bats have been
suggested to be the animal reservoirs, but pangolins are also thought
to have transmitted the virus to humans.®??! The COVID-19
pandemic persists despite the implementation of preventive strate-
gies and deployment of vaccines.

4.6 | Human-to-human spread: The special case of
monkey pox epidemic

The human monkeypox (Mpox) virus outbreak was first detected in
Denmark in 1958 in captive cynomolgus macaque monkeys.*® In
1970, the first human case was discovered in the Democratic Re-
public of the Congo (then known as Zaire), nine months following the
eradication of smallpox in the Democratic Republic of the Congo.**??
Since then, Mpox has remained endemic in the Democratic Republic
of the Congo from where it has spread mostly to some Central and
West African countries.”® In 2003, the United States of America
became the first location outside of Africa that reported human
monkeypox cases. The first global outbreak of the virus occurred in
early May 2022. On 24 July 2022, the World Health Organization
declared the M pox outbreak as a public health emergency of in-

d.?* Transmission

ternational concern in view of its rapid global sprea
of the virus can occur by person-to-person through direct contact
with infectious skin or contact with fluids from other body parts such

as the mouth and the genitals. The natural host is not yet known.

47 | Losses caused as a result of viral disease
outbreaks

In the past century, the world experienced several epidemics and
pandemics that have caused devastating effects. Outbreaks, epidemics
and pandemics such as Spanish flu, HIV/AIDS, Ebola and COVID-19
have caused extremely high mortalities. The Spanish flu, one of the
worst outbreaks of the 20t Century, killed an estimated 50 to 100
million people within a short space of two years (1918-1920), and, like
the COVID-19, overwhelmed the world's healthcare system.”® Ebola
killed over 11,000 people. Globally, as of 12 April 2023, there have
been 762, 791, 152 confirmed cases of COVID-19, with at least 6.8
million deaths reported to WHO.”® Besides the precious lives claimed,
many who survived these outbreaks were left with various degrees of
morbidity. For instance, many of the survivors of the Ebola outbreak
suffer from chronic, long-term health issues such as muscle and joint
pains, eye problems and headaches.’” Furthermore, these outbreaks
indirectly affect the health system by reducing resources available,
both material and human, for routine healthcare. The economies of
nations were also affected as a result of increase in mortalities that led
to shortage of labour. Lockdowns reduced the availability of organised
labour, and travel and border restrictions also drastically decreased
revenue.”®?? The burden and loses incurred by nations due to viral

disease outbreaks cannot be described in full.

4.8 | Lessons from viral disease outbreaks over the
past century

Findings showed an increase in the number of viral disease outbreaks
in the past century. The gravity of the adverse effects of these out-
breaks and demands for measures to control the outbreaks present
some lessons to better equip humankind in preparation for future
outbreaks. First, the records show that most of the viruses that
caused major outbreaks are zoonotic pathogens (Table 2). Univer-
sally, there is no consensus regarding where the 1918/1919 H1N1
influenza virus originated®®; the 2009 HIN1 outbreak was thought
to emerge from pigs'°%; and the 2014-2015 Ebola outbreak was
thought to have been caused by the fruit bats and some non-human
primates.?® Again, bats were implicated in the 2019 SARS-CoV-2

outbreak,*°?

while the emergence of MERS was also facilitated by
the interactions between camels and humans.%31%4 These make the
surveillance of infections at the human-animal-environment interface
very crucial and thus underscore the essence of a One Health
approach to controlling infectious diseases.

Second, viral disease outbreaks such as Influenza A, Ebola, MERS
and COVID-19 have emphasised the importance of public health
measures and infection control practices in public settings such as
the markets, hospitals and schools, and for populations at risk.
Practices such as quarantine, wearing of masks and protective
clothing, regular handwashing and the use of sanitisers contributed
immensely in controlling or ameliorating some viral outbreaks such
as Influenza A and COVID-19.2% In the case of the 1918-1919
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pandemic flu for example, with no preventive vaccination and no
medications to treat secondary infections at the time, strategies such
as isolation, personal hygiene, mask wearing and disinfectant use, as
well as restrictions in public gatherings or social distancing repre-
sented the major control measures.'® Interestingly, besides the
availability of vaccines currently, these interventions are still relevant
in the 21st century, as they served as milestones for the prevention
and control of COVID-19.

Another important outcome of viral disease outbreaks in the
past century is the advancement in research into vaccine develop-
ment and production. Vaccine production and deployment are crucial
in the fight against infectious disease outbreaks and in the protection
of human populations against future pandemics. In response to the
1918 Spanish flu pandemic, the first influenza A virus vaccine based
on inactivated influenza was developed. The vaccine was approved
for use in the 1940s'°7 Subsequently, other flu vaccines were
developed that target other strains of the virus.*°® Currently, there
are vaccines developed for viral diseases such as Ebola, Polio, Yellow
Fever and COVID-19.1°? Several technologies such as viral vector-,
DNA-, mRNA- and protein-based approaches have been developed
for the production of vaccines.'®

Lastly, to a large extent, viral outbreaks and pandemics have put
countries in a position to have an outbreak preparedness plan against
infectious diseases.!1112 The pressing need for early warning sys-
tems to strengthen preparedness against viral disease outbreaks are
also highlighted.

4.9 | Emerging challenges

Global efforts toward the control and prevention of viral disease
outbreaks over the past hundred years have led to significant
breakthroughs. However, several challenges exist that hamper the
progress of control measures and also pose a threat to a successful
fight against viral disease emergence and spread. These may be
viewed as challenges and would be discussed from three perspec-
tives. The first challenge involves the forces of nature, which are not
directly under the control of mankind; the second is awareness of the
viral outbreaks and preparedness, and the third is vaccines.

Climate change: The selection and availability of suitable vectors is
a necessary requirement for the emergence of vector-borne patho-
gens. 3 A complex interaction of environmental factors influences the
ecological niche for hosts of vector-based pathogens. Population
growth and expansion, urbanisation, changes in land use and envi-
ronmental degradation ultimately lead to climatic changes,'** which
consequently affect disease-causing pathogens that have part of their
life cycle in the environment (that is, outside the host). The increasing
frequency of viral disease outbreaks may partly be attributable to
climate change. Infectious pathogens such as viruses with pandemic
potentials are zoonotic; so, they are affected to alarge extent by human
engagements with the environment and interactions at the human-
animal interface. For example, climate change may affect the distri-

bution of arthropod vector-borne viral diseases such as outbreaks due

WILEY— %

to Yellow fever, Zika virus, Dengue and Chikungunya, whose emer-
gence in recent decades has been unprecedented.*>1¢ This consti-
tutes a challenge, in view of the fact that the constant human
interactions with animals and the environment, as well as activities that
lead to climate change, can only be controlled to some extent, but
cannot be stopped entirely. Viral pathogens, on the other hand, unless
they get extinct, will continue to adapt to living in new hosts if their
natural hosts are endangered. Thus, they should be expected to emerge
and re-emerge-the cause of persistent outbreaks that humankind may
have to contend with at all times. Thus, the need for proper preventive
and control measures remains imperative.

Outbreak preparedness: The importance of viral infectious disease
outbreak preparedness and response systems cannot be over-
emphasized. The essence of the International Health Regulations (IHR)
is thus underscored.''” However, though many member countries of
the IHR have implemented pandemic preparedness systems, and

8 most resource-

others are at different stages of preparedness,?
limited, developing countries do not meet the basic criteria for
compliance with the IHR. As such, what could otherwise be localized
outbreaks easily lead to epidemics and pandemics and become difficult
to control.'*? It is therefore important that the global community
operates viral disease control and prevention strategy in concert-
working together towards the same goal.}?° During the 2014 West
Africa Ebola epidemic for instance, inadequacies of diagnostics, infec-
tion control processes, response strategies and access to basic health
care® caused the lives of over 11,000 people. Globally, the unpre-
paredness of public health systems caused a delay in response during
the COVID-19 outbreak, which contributed to high mortalities, led to
the breakdown of economies and healthcare systems, and caused the
closure of educational and other public institutions.?*

Vaccine research and development: Though there has been an
appreciable success in the development and deployment of vaccines in
response to some viral diseases, access to these vaccines is still a
challenge. Timely development, efficacy and distribution of vaccines
continue to be one of the weaknesses in epidemic and pandemic
response.'22122 For instance, during the 2009 H1N 1 pandemic, though
vaccines were developed within a short time, distribution and coverage
were much lower than expected. While vaccination began earlier in the
USA, it took a longer period to begin in other countries.*?>*24 Vaccine
supply remains a challenge particularly in developing countries.?®
Furthermore, the extent of immunity the vaccines confer and their
potency against new variants are concerns that remain unad-
dressed.*? Hence, despite the progress made so far, a great deal needs
to be done in vaccine research to produce vaccines for infections not
yet covered, and optimize the quality, safety and efficacy of those

already developed but with some shortcomings.

5 | CONCLUSION

In the past century humankind has experienced some of the deadliest
viral infectious disease outbreaks in history. Knowledge of the trig-

gers of pandemics as well as advances in prevention strategies
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constitutes a vital tool for reducing the impact of disease outbreaks.
Evidence from the analysis of the outbreaks reviewed, indicates that
respiratory viruses have the highest pandemic potential and there-
fore should deserve great attention in pandemic preparedness. The
role of governments in implementing and maintaining effective public
health emergency preparedness plans is crucial. As human activities
and factors that influence viral disease outbreaks persist, continued
research and monitoring are needed to better understand the dy-
namics of viral disease outbreaks. The importance of vaccines in
mitigating viral epidemics and pandemics cannot be overemphasised,
but inadequacies in vaccine production and deployment call for
intensified vaccine research. An integrated, interdisciplinary
approach involving all stakeholders in government, public health,
research and academia, and drug manufacturing companies is war-
ranted to help in the control and prevention of viral disease out-
breaks. This review evaluated and assessed the dynamics of viral
infectious disease outbreaks in retrospect and highlighted the causes,
losses and lessons learnt. The review also discussed the emerging
issues considerable for a meaningful preparedness to successfully

face future viral disease outbreaks and pandemics.
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