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PREFACE 1

The past few years have been a period of unprecedented global health challenges, with viral
outbreaks affecting every corner of the world. "Viral Outbreaks: 2019-2023 Overview" is a
comprehensive account of these significant events, aiming to provide readers with a detailed
understanding of the various viruses that have emerged and re-emerged during this time.

This  book  was  conceived  with  the  intention  of  documenting  the  characteristics,  features,
prevalence,  number  of  cases,  treatment  options,  and  World  Health  Organization  (WHO)
recommendations for each major viral outbreak. The period from 2019 to 2023 has seen the
world grapple with the devastating impacts of SARS-CoV-2 (COVID-19), as well as other
significant  viruses  such  as  various  strains  of  influenza,  Dengue,  Zika,  H1N1 (Swine  Flu),
H5N8 (Avian Influenza),  Ebola,  and Lassa Fever.  Each chapter provides a comprehensive
overview of these outbreaks, presenting the latest data and insights into their management and
control.

The  COVID-19  pandemic,  in  particular,  has  highlighted  the  importance  of  global
collaboration and the need for robust health infrastructures. The rapid spread of this novel
coronavirus has had profound implications, not only for public health but also for economies,
societies,  and  daily  life.  This  book  explores  the  multifaceted  response  to  COVID-19,
including the development  of  vaccines,  therapeutic  measures,  and public  health strategies,
providing a detailed analysis of the global effort to combat this virus. In addition to COVID-
19, the book delves into other viral threats that have posed significant challenges to public
health.  The  chapters  on  influenza  viruses,  Dengue,  Zika,  H1N1,  H5N8,  Ebola,  and  Lassa
Fever  provide  insights  into  the  epidemiological  characteristics,  transmission  dynamics,
clinical  features,  and  the  global  response  to  these  viruses.  By  examining  these  diverse
outbreaks, the book underscores the continuous and evolving nature of viral threats and the
need for ongoing vigilance and preparedness.

A  significant  aspect  of  this  book  is  its  focus  on  WHO  recommendations.  The  WHO  has
played a crucial role in guiding the global response to these outbreaks, providing essential
guidelines, coordinating international efforts, and promoting research and development. This
book  highlights  the  WHO's  contributions  and  the  importance  of  adhering  to  their
recommendations  to  mitigate  the  impact  of  viral  outbreaks.

I would like to express my gratitude to all the researchers, and healthcare professionals, who
have contributed to our understanding of these viruses and to the ongoing efforts to combat
them. Their dedication and hard work have been instrumental in advancing our knowledge
and improving our response to viral outbreaks.

As you read through this book, I hope you gain a deeper understanding of the complexities
and challenges involved in managing viral outbreaks. It is my hope that this knowledge will
inspire continued efforts to improve global health and prepare for future pandemics.

Amandeep Singh
Department of Pharmaceutics

ISF College of Pharmacy
Moga, Punjab, India

  i
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The period from 2019 to 2023 has been marked by a series of significant viral outbreaks, each
posing unique challenges to global health systems and societies at large. This book, "Viral
Outbreaks:  2019-2023  Overview,"  aims  to  provide  a  comprehensive  account  of  these
outbreaks,  focusing  on  the  characteristics,  prevalence,  treatment  options,  and  the  World
Health Organization's (WHO) recommendations for each virus.

As we navigate through the intricacies of these outbreaks, it becomes evident that our world is
increasingly interconnected, making the spread of infectious diseases a global concern rather
than a localized issue. The COVID-19 pandemic, caused by the SARS-CoV-2 virus, is a stark
reminder of how rapidly a virus can proliferate and disrupt lives, economies, and healthcare
systems worldwide. This book delves into the multifaceted nature of COVID-19, exploring its
unprecedented impact and the collaborative efforts undertaken to combat it.

In  addition  to  COVID-19,  this  book  also  covers  other  significant  viral  threats,  including
various influenza viruses, Dengue, Zika, H1N1 (Swine Flu), H5N8 (Avian Influenza), Ebola,
and  Lassa  Fever.  Each  chapter  meticulously  details  the  epidemiological  characteristics,
transmission methods, clinical features, and global response to these viruses. By presenting
these  diverse  outbreaks  in  one  volume,  the  book  highlights  the  continuous  and  evolving
challenge posed by viral diseases.

A key component of this book is the emphasis on WHO recommendations. The WHO has
been  at  the  forefront  of  global  health,  providing  guidelines  and  coordinating  international
efforts  to  manage and mitigate  the  impact  of  viral  outbreaks.  Their  role  in  shaping public
health  policies,  spearheading  vaccination  campaigns,  and  promoting  research  and
development  is  critically  examined  throughout  the  chapters.

The goal of this book is not only to document the events of the past few years but also to
derive valuable lessons that can inform future responses to similar threats. It underscores the
importance of preparedness, timely intervention, and international cooperation in combating
viral outbreaks. The insights provided here aim to contribute to a better understanding of how
we  can  improve  our  defences  against  future  pandemics,  ensuring  a  more  resilient  and
responsive  global  health  infrastructure.

As you delve into this comprehensive overview, we hope you gain a deeper appreciation of
the complexities involved in managing viral outbreaks and the concerted efforts required to
protect public health. This book serves as a testament to the resilience of humanity in the face
of  adversity  and  a  call  to  action  for  continued  vigilance  and  innovation  in  the  field  of
infectious  diseases.

Amandeep Singh
Department of Pharmaceutics

ISF College of Pharmacy
Moga, Punjab, India
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CHAPTER 1

The  Outbreak  of  Various  Viral  Diseases  from
2019-2023
Harshitha Mathur1, Shalini Jaswal2, Tuhin James Paul3, Ayushreeya Banga3,
Subrahmanya Sarma Ganti2 and Rohit Bhatia2,*

1 Department of Pharmaceutics, ISF College of Pharmacy, Moga, Punjab-142001, India
2  Department  of  Pharmaceutical  Chemistry,  ISF College  of  Pharmacy,  Moga,  Punjab-142001,
India
3 Department of Pharmacy Practice, ISF College of Pharmacy, Moga, Punjab-142001, India

Abstract:  In  this  chapter,  recent  viral  disease  outbreaks—especially  those  that
happened in 2019 and 2023—are thoroughly examined. The chapter also highlights the
burden that both emerging and re-emerging viral threats place on healthcare systems
globally, as well as the challenges that these threats pose to human and animal health
globally.  The analysis  explores mechanisms such as genetic  reassortment,  increased
human-animal  interaction,  and  the  impact  of  globalization  that  contribute  to  the
emergence and spread of viruses. The transmission dynamics, clinical manifestations,
and diagnostic difficulties related to a range of viral diseases—including respiratory
infections  as  well  as  those  affecting  the  liver,  circulatory  system,  spleen,  and
pancreas—are also discussed in the article. Research is also conducted on the immune
system's function in preventing viral infections, specifically on the roles of innate and
adaptive  immunity.  Moreover,  the  significance  of  strong  surveillance  frameworks,
efficient infection control protocols, and non-pharmaceutical strategies such as physical
distancing  and  travel  limitations  in  managing  viral  epidemics  is  underscored.  The
chapter  recognizes  the  difficulties  that  pandemics  present  for  healthcare  systems,
emphasizing the necessity of sufficient equipment, personnel, and clinical management
techniques. It  also highlights the need for emergency preparedness plans in order to
lessen the  wider  economic and social  effects  of  viral  outbreaks  and investigates  the
potential of telemedicine as a useful tool.

Keywords: Emerging infectious diseases, Re-emerging viruses, Respiratory viral
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INTRODUCTION

Throughout  history,  viral  outbreaks  have  been  a  recurrent  phenomenon,  albeit
with varying degrees of severity. Genetic reassortment events frequently give rise
to  novel  viral  strains,  which  can  lead  to  outbreaks  with  epidemic  or  epidemic
eventuality.  Humanity  frequently  finds  itself  ill-set  to  combat  these  imperative
pitfalls.  The  early  21st  century  is  known  for  several  notable  afflictions,  which
include severe acute respiratory pattern coronavirus (SARS- CoV), Middle East
respiratory  pattern  coronavirus  (MERS-  CoV),  and  SARS-  CoV- 2,  along with
new influenzas similar as avian and swine flu. These outbreaks have originated
from  specific  geographical  regions  but  have  swiftly  spread  across  the  globe,
wreaking havoc across all sectors. Infectious diseases continue to stand as primary
contributors to human and animal morbidity and mortality, resulting in substantial
healthcare expenditures globally.  The world has witnessed numerous outbreaks
and epidemics of various infectious diseases, underscoring the ongoing challenge
they  pose  to  public  health  and  healthcare  systems  worldwide  [1].  The  diverse
geographical  and  climatic  conditions,  coupled  with  uneven  population
distribution,  create  distinct  patterns  in  the  spread  of  viral  diseases  within  the
country. Various biological, socio-cultural, and ecological factors, alongside new
dynamics  in  human-animal  interactions,  further  complicate  the  emergence  of
infectious  diseases.  Addressing  these  challenges  in  controlling  and  preventing
both  emerging  and  recurring  infectious  diseases  requires  a  comprehensive
understanding of the underlying factors contributing to their emergence, as well as
the  establishment  of  robust  surveillance  systems  aimed  at  reducing  human
casualties and fatalities [2]. The trajectory of new infections typically unfolds in a
sequence, starting with their emergence, then transitioning into local transmission,
expanding across borders, and potentially culminating in global spread. Various
global shifts can influence the likelihood of emergence, the dynamics of disease
within  local  communities,  and  the  extent  to  which  diseases  spread  between
different  populations  [3].  The  ubiquity  of  phrases  like  “going  viral”  often
obscures the precise scientific meaning of viruses, a fact sometimes overlooked
by the general public. In everyday language, viruses are often conflated with any
unseen  germ,  much to  the  chagrin  of  virologists.  While  this  lack  of  specificity
may not seem consequential, it becomes problematic when it leads to the misuse
of antibiotics, which are ineffective against viruses but target bacteria instead [4].
Frequently  depicted  as  entities  teetering  on  the  edge  of  life,  viruses  exist  in
various relationships with living organisms, ranging from parasitic to commensal
or  even  symbiotic.  They  are  present  across  the  spectrum  of  life  forms,  from
single-celled Archaea and bacteria to plants, animals, and humans. Viruses serve a
dual purpose in laboratory settings, serving as subjects of study and as tools for
experimentation. They have significantly deepened our comprehension, not just of
human illnesses, but also of the broader living ecosystem [4]. Patients can acquire
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viral  infections  through  direct  exposure  to  infected  materials  or  through  viral
reactivation. In transplant units, where the risk of transmission is high, it is crucial
for  facilities  to  establish  and  follow  documented  infection  control  procedures.
These protocols should include measures such as thorough hand washing, regular
cleaning  of  medical  equipment  like  stethoscopes,  adherence  to  droplet
precautions, and effective patient isolation techniques. By universally adhering to
these guidelines, the spread of nosocomial infections can be significantly reduced
[5]. Over the past decade, there have been several significant global outbreaks of
infectious diseases that posed substantial health risks. Numerous of these fleetly
spreading contagions, similar to avian influenza and SARS, seem to have started
as  zoonotic  conditions  in  Asia  [6].  The  constant  trouble  of  morbidity  and
mortality  from  arising  contagious  conditions  is  conceded,  although  the  precise
extent of this trouble remains unclear. A widely recognized definition, proposed
by  the  Institute  of  Medicine  (IOM)  in  the  United  States  in  1992,  describes  an
emerging  contagious  disease  as  a  new,  reemerging,  or  medication-resistant
infection whose prevalence in humans has increased over the past 20 years or is
expected to rise in the near future [7]. There exists a diapason of pathogens that
crop and spread among populations. This broad spectrum includes animal-borne
infectious  diseases  such  as  SARS,  which  have  recently  been  linked  to  human
illness, and genetically modified organisms that create conditions in unexpected
ways,  such  as  the  2001  anthrax  outbreak  in  the  United  States  that  was  spread
through contaminated correspondence. Indeed, failures in fundamental measures
for public health, such as the treatment of existing infections (e.g., tuberculosis) or
routine non-age immunisations (e.g.,  poliomyelitis),  may cause a resurgence of
conditions  that  were  previously  thought  to  be  under  control.  Additionally,  this
chain of events includes the appearance of newer disease strains that are resistant
to  antibiotics  yet  continue  to  pose  a  threat,  like  the  methicillin-resistant
Staphylococcus  aureus  [8].  The  21st  century  is  characterized  by  significant
pandemics, including epidemics, caused by both traditional conditions like pests,
cholera, and yellow fever, as well as the rising ones analogous to a severe acute
respiratory cycle (SARS), Zika, Ebola, Middle East respiratory pattern (MERS),
HIV  (although  technically  endemic),  influenza  A(H1N1)  p.m./  09,  and  utmost
recently,  COVID-  19.  Multifold  of  these  contagions  primarily  affects  the
respiratory  system.  Despite  developments  in  drugs,  tuberculosis  (TB),  which
killed 1.5  million people  in  2018,  continues  to  be  the  most  common infectious
complaint attributed to a single organism [9].

The  influenza  virus  has  a  major  impact  on  the  lungs  because  it  can  cause
pneumonia and aggravate already existing lung diseases [10]. Occurrences of such
events are typically infrequent and fluctuate throughout most seasonal influenza
periods, yet they can become more prevalent and intense during pandemics. For
instance,  in  the  2018–2019  season,  in  the  USA,  approximately  32  million
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CHAPTER 2
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Abstract:  First  detected  in  late  2019,  the  SARS-CoV-2  virus  quickly  became  a
worldwide public health issue. This publication offers a thorough analysis of COVID-
19's  traits,  features,  modes  of  transmission,  available  treatments,  prevalence,  case
studies,  and  World  Health  Organization  (WHO)  recommendations.  The  recently
emerged coronavirus, SARS-CoV-2, has unique proteins and genetic material that echo
those seen in the earlier outbreaks of SARS and MERS. It addresses how the disease
can  spread  through  a  variety  of  channels,  including  sexual,  ocular,  fecal-oral,
respiratory,  indirect,  and  vertical.  Effective  treatment  techniques,  such  as  antiviral
medicines, immunomodulatory treatments, traditional Chinese medicine, and targeted
immunotherapy  approaches,  are  presented.  People  with  COVID-19  experience  a
spectrum of illnesses, from feeling slightly unwell to becoming critically sick. There
have  been  millions  of  confirmed  cases  and  fatalities  from  COVID-19  worldwide,
marking unprecedented levels of prevalence. The advent of the JN.1 variety is one of
the recent events that highlight the virus's dynamic character and the significance of
continued  study  and  public  health  initiatives.  The  World  Health  Organization  has
recommended that vaccination, physical separation, mask use, hand hygiene, and early
medical attention be prioritized as essential tactics to reduce the spread of the pandemic
and manage it. This publication aims to be a weapon in the fight against COVID-19,
providing in-depth knowledge about the virus.

Keywords:  Coronavirus,  Genomic  features,  JN.1  variant,  Pandemic,  Structural
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INTRODUCTION

SARS-CoV-2,  a  coronavirus,  is  the  virus  responsible  for  the  respiratory  illness
COVID-19. It is a strain of the species that shares the same family as the virus
that caused the SARS pandemic in 2002–2004. In late 2019, a highly contagious
and pathogenic coronavirus surfaced, sparking the global COVID-19 pandemic.
SARSCoV2, the novel coronavirus that causes the new COVID-19 disease, most
likely  started  in  Wuhan,  China.  The  Wuhan  health  officials  identified  a  few
instances  of  atypical  pneumonia  in  the  middle  of  December  2019,  which  was
subsequently caused by a new coronavirus. At the beginning of November 2019,
it possibly transferred from an animal reservoir to a person [1]. Scientists traced
the cause of the outbreak to an RNA virus. This virus belonged to the same family
of coronaviruses as the ones responsible for the MERS pandemic in 2012 and the
SARS  pandemic  in  2003  [2].  The  SARS-CoV-2  virus  has  a  simple  strand  of
genetic material (RNA) that carries the instructions for building the spiky outer
shell, envelope, membrane, and core of the virus. As of May 20, 2020, according
to  data  from  multiple  sources,  over  5,090,118  cases  of  COVID-19  have  been
reported  worldwide,  with  more  than  333,000  deaths.  2,546,198  people  have
recovered [3].  COVID-19 is  spread by touch with open surfaces or by droplets
released  during  speaking  or  sneezing  within  a  2-meter  radius.  Half  of  the
transmissions happen due to coming into contact with an asymptomatic person. In
fact, in asymptomatic patients without nasal obstruction, anosmia is a symptom of
COVID-19  infection.  Furthermore,  the  patient  has  up  to  two  weeks  after  the
disease's symptoms have subsided to spread the illness. It is said to be unlikely for
fecal-oral stool to transmit. No evidence of perinatal transmission has been found
[4].  Medical  professionals,  public  health  officials,  academics,  and  media  are
finding  it  difficult  to  stay  current  with  the  copious  and  constantly  changing
quantity of knowledge regarding COVID-19. We performed a thorough literature
review of the SARS-CoV-2 Virus and the Coronavirus Disease 2019 (COVID-19)
to  provide  a  clear  understanding  of  the  substantial  material  that  is  accessible,
mentioning the characteristics,  features,  prevalence, no. of cases and treatment,
and WHO recommendations in this chapter [5, 6].

Characteristics

A  group  of  viruses  called  Coronaviridae  belong  to  bigger  groups,  which  are
known as Nidovirales that contain coronaviruses, which infect humans and a wide
range  of  other  animals  with  disorders  of  the  neurological,  digestive,  and
respiratory  systems.  With  a  diameter  of  between  80  and  160  mm,  coronavirus
particles are spherically shaped [7]. The outer shell of the coronavirus has spike
proteins. Beneath these spikes are envelope and membrane proteins, which form a
protective layer. Inside this shell lies a coiled structure called the nucleocapsid.
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This nucleocapsid is made up of RNA, the virus's genetic material, and proteins
that  bind  to  it  [1,  2].  Compared  to  other  RNA  viruses,  the  coronavirus  has  a
heavyweight genetic code. This single strand of information, ranging from 26,000
to  32,000  units  long,  carries  the  instructions  for  the  virus.  The  coronavirus's
genetic code is a complex set of instructions packed into a single strand of RNA.
This code is divided into six sections, each containing the blueprint for a different
viral component. It is like a recipe with specific sections for the ingredients and
assembly instructions. Guaranteeing the code functions properly, special caps are
attached to each end. Interestingly, the first part of the code contains instructions
for 16 helper proteins crucial for making copies of the viral RNA. The remaining
sections hold the code for  the virus's  building blocks:  four proteins forming its
outer  shell  and  core,  and  eight  additional  proteins  that  play  a  vital  role  in
assembling new virus particles [8 - 10]. Even though SARS-CoV-2 and SARS-
CoV share many similarities in their protein structures and building blocks (amino
acids), particularly in specific proteins like S, ORF8, ORF3b, and ORF10. They
even share a similar code section (Orf1ab) for creating essential helper proteins
and  the  standard  four  structural  proteins  found  in  coronaviruses.  Despite  these
resemblances, there are also some key differences between the two viruses [11].
Researchers have produced copies of most SARS-CoV-2 proteins in human cells,
revealing  that  a  small  protein,  ORF10,  shared  some  similarities  with  the  same
protein  in  the  original  SARS  virus.  Despite  its  size,  ORF10  can  latch  onto  a
cellular  disposal  unit  and  disrupt  its  function,  potentially  aiding  the  virus  in
hijacking the cell.  However,  this  cellular  machine might also target  ORF10 for
destruction, hindering viral replication [12].

Routes of Transmission

The  coronavirus  is  spread  while  sneezing,  coughing  respiratory  droplets,  and
aerosols that are released when someone coughs or sneezes and land in the mouth,
nose, or eyes of those nearby. Physically separating yourself from sick people by
at  least  one  meter  greatly  reduces  this  route  of  transmission,  underscoring  the
significance of keeping a safe distance from them. Although short-range aerosols
and  respiratory  droplets  are  thought  to  be  the  primary  modes  of  transmission,
longer-range  aerosol  transmission  is  also  conceivable;  some  researchers  have
suggested dispersal distances of up to ten feet. Direct contact with sick individuals
is  still  the  greatest  worry,  although indirect  transmission through contaminated
surfaces is also a possible pathway. Simple preventive measures such as wearing a
mask,  avoiding  crowded  areas,  and  washing  your  hands  often  can  reduce  the
chances  of  catching  the  coronavirus.  However,  the  specific  pathways  of  viral
transmission are described here.
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Abstract:  Influenza  represents  a  significant  global  viral  threat,  infecting  millions
annually  and  leading  to  hundreds  of  thousands  of  deaths.  Intermittent  influenza
pandemics  carry  substantial  risks  of  illness  and  death.  Belonging  to  the
Orthomyxoviridae family, the influenza virus possesses a segmented, negative-strand
RNA genome. The widespread presence of influenza in avian and mammalian species,
combined with its segmented genome, creates ongoing possibilities for reassortment
events  that  may  result  in  cross-species  transmission.  Yearly  seasonal  influenza
outbreaks occur in temperate regions, typically causing common respiratory symptoms
like  cough,  fever,  muscle  aches,  and  headache.  Pneumonia  stands  out  as  the  most
frequent  severe  complication,  particularly  dangerous  for  young  children  and  older
individuals. Antiviral medications are available for influenza treatment and prevention
in  high-risk  groups.  While  vaccines  exist  for  seasonal  influenza  prevention,  their
effectiveness  is  not  ideal.  A  deeper  understanding  of  early  immune  responses  to
influenza is likely to aid in the development of improved influenza vaccines offering
broad and lasting immunity.

Keywords: Influenza, Lifecycle, Outbreak, Vaccination, WHO recommendation.

INTRODUCTION

The influenza virus is a part of the Orthomyxoviridae family, which acts as major
contributor to severe respiratory illness worldwide. It targets vertebrates through
four diverse influenza viruses A, B, C, and D [1]. These viruses possess an outer
envelope  and  carry  a  genome composed  of  single-strand  RNA with  a  negative
polarity and they contribute substantially to the annual mortality rate [2]. Interes-
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tingly,  influenza  A  and  B  viruses  under  an  electron  microscope  appear  almost
identical  making  them  difficult  to  distinguish.  However,  the  genera  can  be
distinguished by variations in their nucleoprotein antigens and matrix protein [3].
Influenza A virus is extremely pathogenic among the four types of viruses and is
capable of infecting a wide range of humans as well as animals and various bird
species  [4].  In  comparison  with  the  other  influenza  virus  types,  A  type  of
influenza  virus  mutates  rapidly  and  also  shows  greater  variability  in  its
antigenicity  and  virulence  [5].  The  A  type  of  influenza  viruses  are  further
categorized  into  subtypes  depending  upon  the  glycoprotein  present  on  the
outermost  layer  i.e.,  hemagglutinin  (HA)  and  neuraminidase  (NA).  These
subtypes, such as H1N1 and H3N2, significantly influence the transmission, and
pathogenicity of viruses, as well as their ability to evade immune responses [6].
On the other hand, influenza B viruses majorly infect humans, though not as much
as influenza A viruses. Influenza C viruses, although less prevalent and typically
causing milder symptoms, still cause respiratory infections in humans, particularly
in children [7]. Influenza D viruses, a most recent inclusion in the influenza virus
categorization, mainly impact cattle and other livestocks. Despite receiving less
attention in research compared to other strains, influenza D viruses highlight the
zoonotic potential associated with the influenza viruses [8]. The influenza virus is
well-known for its capacity to trigger regular seasonal outbreaks and intermittent
pandemics,  driven by its  rapid evolution through processes known as antigenic
drift  and  shift.  Antigenic  drift  encompasses  gradual  mutations  in  the  virus
proteins, resulting in alterations in the strains circulating. Conversely, antigenic
shift occurs when entire genome segments, notably those encoding HA genes, are
exchanged  between  different  influenza  A  viruses,  giving  rise  to  new  subtypes
with  advantageous  characteristics  [9].  Influenza  viruses  are  mainly  transmitted
through airborne droplets  produced during coughing or  sneezing,  and via  close
contact with infected surfaces. Upon infection, these viruses target the respiratory
tract,  resulting  in  symptoms such  as  fever,  chills,  muscle  aches,  coughing,  and
fatigue.  In  more  serious  instances,  influenza  can  lead  to  complications  like
pneumonia  and  acute  respiratory  distress  syndrome  [10].  Comprehending  the
characteristics of influenza viruses is essential for crafting successful prevention
and  management  plans.  Vaccination  is  pivotal  for  mitigating  the  effects  of
influenza  by  conferring  immunity  against  particular  strains.  This  chapter
emphasizes  the  structural  components,  life  cycle,  pathophysiology  of  the
influenza  virus,  and  the  treatments  that  are  available  for  their  management.

Prevalence

Over  time,  there  has  been  a  consistent  increase  in  cases  of  influenza  virus
sequences, with a notable increase throughout the pandemic in 2009 followed by a
decrease  over  the  COVID-19  outbreak  in  2020  and  2021.  Among  the  genetic
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sequences  of  influenza  A  virus,  the  H3N2  subtype  was  dominant  for  27  of  34
years, while the H1N1type of influenza dominated in the remaining 7 years [11].
It  is  important  to  note  that  sampling  bias  in  time  series  data  may  lead  to
inaccuracies in describing trends over time. For instance, the drop in cases during
the pandemic (COVID-19) constraints may impair sample collection. Factors that
may impact sampling biases such as the temporal distribution of data and sample
size should be closely monitored [12]. It was observed that H3N2 and H1N1 both
are  the  dominant  types  of  influenza  A  virus  globally,  with  distinct  subtypes
distributed across different countries. For example, H9N2, prevalent in China, is
mainly  found  in  Asia  (90.29%),  with  smaller  proportions  in  Africa,  North
America, and Europe [13]. Moreover, the distribution of influenza subtypes varies
significantly among different nations, likely influenced by factors like geography,
climate, and population mobility. Within the same country, substantial variations
in influenza lineage proportions exist among different hosts, possibly related to
host  species,  environmental  circumstances,  and  lifestyle  [14].  Both  H1N1  and
H3N2 subtypes are broadly spread when looking at the top three nations with the
largest number of sequences: the United States, China, and the United Kingdom
[15].

Structure

Influenza viruses are spherical, pleomorphic particles and filamentous forms can
also  occur  with  a  diameter  of  approximately  100  nm.  The  influenza  viruses
become inactive  on  exposure  to  extreme heat,  pH,  dryness,  and detergents  and
their  viral  particles  are  less  stable  in  their  surroundings.  The viral  particles  are
enveloped  by  a  lipid  bilayer  that  originates  from  the  host  cell.  Several
glycosylated  proteins  that  emerge  from  the  virus's  surface  are  lodged  in  the
envelope. These three proteins are matrix protein (M), neuraminidase (NA), and
hemagglutinin (HA) [16]. The internal structure of influenza A virus is observed
in electron micrographs and it is observed that the virus has distinct spikes, which
ranges in length from 10 to 14. The HA and NA are present in the ratio 4:1. A
helical superstructure, comprising the ribonucleoprotein (RNP) complex, appears
beneath the matrix protein (M1), which is located just below the envelope [17].
The  nucleoprotein  (NP)coated  viral  RNA  segments  are  linked  to  the
heterotrimeric  polymerase  complex  (PB1,  PB2,  and  PA)  to  form  the  RNP
complex shown in Fig. (1). The virus comprises approximately 1-5% of RNA, 5-
8% of them are carbohydrates, 20% are lipids and 70% are proteins [18].
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Abstract:  The  dengue  virus,  which  causes  dengue,  is  a  viral  illness  spread  by
arthropods  and  a  severe  worldwide  public  health  concern.  There  are  four  unique
serotypes of the dengue virus. Every year, millions of instances are recorded globally,
and  many  result  in  deaths.  The  genetic  material  of  the  encapsulated  dengue  virus,
which belongs to the Flaviviridae family, is made up of positive-sense single-stranded
RNA.  The  range  of  symptoms  includes  low-grade  fever  as  well  as  more  serious
illnesses  including  dengue  haemorrhagic  fever,  thrombocytopenia,  and  increased
vascular permeability.  It  is  vital  to undertake urgent laboratory diagnostic testing to
confirm the condition. Examples of diagnostic approaches include virus identification
in serological testing and RNA amplification using PCR. Dengue cannot presently be
treated or avoided with antiviral  medicines owing to licensing difficulties.  The only
dengue virus vaccine that has been approved is now available: dengvaxia. This book
chapter aims to provide insights into the structure, pathophysiology, symptoms, major
affected organs, mitigation strategies, and treatment approaches for the dengue virus.

Keywords: Aedes aegypti mosquito, Antiviral, Diagnosis, Dengue virus (DENV),
Dengue fever, Viral infection process, WHO recommendation.

INTRODUCTION

The Dengue virus (DENV), a mosquito-borne ailment, has affected a significant
portion of the global population. Endemic to over 100 nations across tropical and
subtropical zones, including regions such as Spain, Portugal, Africa, the southern
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USA, and Europe, dengue poses a widespread threat. As per WHO's recent data,
the  yearly  dengue  cases  include  100  to  400  million  cases,  resulting  in  around
22,000  fatalities.  While  the  majority,  comprising  80%,  experience  mild  or  no
symptoms, 20% endure severe dengue fever, contributing to the aforementioned
mortality  rate  [1].  DENV  belongs  to  the  Flaviviridae  family  and  encompasses
four  distinct  types  (DENV-1,2,  3,  and  4)  [2].  The  following  risk  factors  are
believed to be the primary contributors to the disease including genetic changes
from zoonotic strains to human strains [3], mutations in DENV [4], and climate
changes  [5].  Transmission  to  humans  primarily  occurs  through  mosquito  bites,
predominantly  by  the  species  Aedes  aegypti  (A.  aegypti).  The  signs  of  DENV
include  high  fever,  joint  pain,  abdominal  pain,  vomiting,  and  loss  of  appetite.
However,  severe  cases  can  cause  plasma  leakage,  haemorrhage,  dengue  shock
syndrome, thrombocytopenia, mucosal bleeding, and myalgia [6]. Although the
DENV poses a significant health threat, there is currently only one FDA-approved
vaccine  available,  Dengvaxia  (CYD-TDV),  registered  in  20  countries.  Many
potential  antiviral  drugs  have  failed  to  advance  to  clinical  trials  due  to
shortcomings in their physical and pharmacokinetic properties. Among those that
have  undergone  clinical  trials,  including  chloroquine,  prednisolone,  lovastatin,
and celgosivir,  none have demonstrated significant reductions in viral  infection
[7].  This  chapter  delves  into  the  evolution  of  the  dengue  virus,  its  prevalence,
structure, and pathogenesis, along with the exploration of various therapeutic and
control strategies aimed at enhancing dengue prevention and control measures.

Prevalence and Outbreaks of Dengue

Over the previous 20 years, dengue cases have climbed rapidly, from 505,430 in
2000  to  over  2.4  million  in  2010  and  5.2  million  in  2019.  America,  Southeast
Asia,  and  the  Western  Pacific  are  currently  in  danger  of  going  extinct  as  a
consequence  of  this  [8].  As  per  WHO's  latest  data,  American  regions  have
experienced the highest number of dengue cases ranging from 1.5 million to 16.2
million  in  the  last  40  years  [9].  In  2023,  America  accounted  for  565,911
infections, including 7,653 severe cases, and 2,340 fatalities of dengue virus. The
regions of the Americas reported 2,811,433 cases of dengue in 2022, compared to
28203  severe  cases  and  1823  fatalities  in  2019.  Numerous  regions  across
America, notably Brazil, Argentina, Colombia, Costa Rica, Mexico, Panama, and
Peru experienced severe outbreaks in 2023. Brazil recorded the highest incidence
of  dengue  cases,  2376522,  followed  by  Peru  with  188326  cases,  Bolivia  with
133779 cases, and Argentina with 126431 cases. Contrarily, Colombia, Mexico,
and  Panama  reported  50818,  31549,  and  3176  cases,  respectively  [10].  Unlike
America, DENV also poses a significant health burden in Southeast Asian regions
including  Myanmar,  Sri  Lanka,  Thailand,  and  the  Philippines  [11].  The  recent
data shows, an estimated 2.9 million dengue outbreaks and 5906 deaths annually
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in  Southeast  Asia  [12].  Between  2015  and  2019,  dengue  cases  in  the  region
increased by 46%, rising from 451442 to 658301, while mortality decreased by
2% during the same period [13]. The Philippines reported the highest number of
dengue cases 420,000 in 2019, followed by Thailand (129,906 cases), Malaysia
(88,074  cases),  and  Myanmar  (4,121  cases).  Apart  from  America  and  the
Southeast  Asian  regions,  concurrent  infections  have  been  reported  in  Western
Pacific  countries  also.  The  cases  were  found  to  be  430023  in  2013  and
substantially  increased  to  479263  cases  in  2019.  Large-scale  outbreaks  with
significant  rises  in  the  number  of  illnesses  were  documented  in  many  of  the
region's  nations  between  2013  and  2019.  In  2019,  the  country  with  the  most
dengue  cases  (68597)  was  followed  by  China  (22188  cases).

Structure of Dengue Virus

The genome is a single positive-stranded RNA with a length of 11 kilobases (kb).
The DENV is comprised of both structural and non-structural proteins. The capsid
(C),  envelope  (E),  and  membrane  (M)  are  the  structural  proteins;  NS1,  NS2A,
NS2B, NS3, NS4A, and NS4B are the non-structural (NS) proteins [14] shown in
Fig. (1). Protein C is composed of 100 amino acid residues and molecular weight
12 kDa. It contributes to the packaging of the viral genetic material. Protein E is
the  major  viral  protein  responsible  for  virus  assembly,  hemagglutination,
neutralization, and receptor binding. It contains 495 amino acid residues rich in
hydrophobic residues and glycine and has a molecular weight of 50 kDa. Protein
M,  a  glycosylated  protein  with  a  molecular  weight  of  18.5  kDa,  functions  to
ensure  that  the  E  protein  is  assembled  and  folded  appropriately  [15].  Non-
structure  proteins  are  involved  in  various  activities  such  as  replication,
immunological  regulation,  and  protein  cleavage.  NS1  protein  has  a  molecular
weight  of  46  kDa and  it  is  involved  in  viral  RNA replication  and  induction  of
humoral  immune  response  [16].  NS2A  and  NS4A  are  hydrophobic  integral
membrane  proteins  responsible  for  RNA  replication  [17,  18].  NS2B  is  also  a
hydrophobic  protein,  which  is  a  co-factor  for  the  NS3  enzyme.  NS3  is  a
multifunctional  protein  with  a  molecular  weight  of  70kDa.  It  performs  the
processing of polyproteins and hydrolysis of ATP as an energy source. NS5 is the
largest protein with a molecular weight of 105 kDa, which is involved in RNA
production [19].

The DENV RNA genome also carries an open reading frame (ORF) that codes for
a 3390-residue polyprotein. Two untranslated regions (UTRs) encircle this ORF:
the 3'-UTR, which has 114–650 nucleotides, and the 5'-UTR, which has 95–135
nucleotides. RNA interaction, translation, and viral assembly are all dependent on
the secondary structures of these UTRs during replication [20]. The 5' terminal of
the genome may contain three principal domains: stem-loop A (SLA), short stem-
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Abstract:  The  Zika  virus  is  characterized  as  an  Arbovirus,  more  specifically  as  a
member of the Flavivirus genus and the Flaviviridae family. Following its discovery in
Africa in 1947, human cases of Zika virus infection remained few for more than five
decades before spreading to the Americas and the Pacific.  The structure of the Zika
virus is common with Flavivirus but differs in the glycosylation site, the site is five
amino acids larger and nearer to the immunodominant fusion which influences receptor
interactions. The classification of Zika virus is based on genomic and phylogeny data,
the most common Zika Virus strains are the ZIKV Asian strain and ZIKV Brazilian
Strain. The main hosts for ZIKV are the non-human primates who undergo a sylvatic
cycle  with  mosquito  to  spread  the  virus.  Transmission  can  be  zoonotic,  sexual,
arthropodal,  and  even  maternofetal.  Clinical  features  of  the  Zika  virus  include
maculopapular rash/pruritis, conjunctivitis, fever, arthritis/myalgia, burning sensation
in the extremities, retro-orbital pain, lymphadenopathy and rhinorrhea. By December
2021, there were recorded reports of Zika virus (ZIKV) transmission by mosquitoes in
89  countries  and  territories  in  five  of  the  six  WHO  Regions,  except  the  Eastern
Mediterranean Region. There is a scarcity of accurate and up-to-date epidemiological
data about the Zika virus. The annual incidence rate of the Zika virus (ZIKV) increased
by an average of 72.85% every year between 2011 and 2015. From 20.25 per 100,000
in  2015  to  3.44  per  100,000  in  2019,  there  was  a  further  drop.  The  bulk  of  ZIKV
infections were detected in Latin America. While no definitive vaccines or drugs exist
for  Zika  virus  [ZIKV],  promising  candidates  are  undergoing  clinical  trials.  Various
antiviral strategies target viral and host proteins, while drug repurposing offers a faster,
more cost-effective approach. WHO recommends viral control policies for the affected
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regions. In this book chapter, one will learn about the characteristics, clinical features,
epidemiology, prevention and guidelines on Zika Virus.

Keywords: Arbovirus, Arthropodal virus, Sylvatic cycle, Zoonotic transmission,
Zika Virus [ZIKV].

INTRODUCTION

Aedes mosquitoes are vectors for the arbovirus, namely the ZIKV. This virus is an
RNA virus, indicating that its genetic information is encoded on a solitary strand.
It  is  classified  under  the  Flavivirus  genus  and  is  a  member  of  the  Flaviviridae
family.  Mosquitoes  may also  transmit  a  variety  of  other  flaviviruses,  including
dengue,  Japanese  encephalitis,  West  Nile,  yellow  fever,  and  Chikungunya,  in
addition  to  the  Zika  virus  [2,  3].  It  was  discovered  that  a  rhesus  monkey
discovered in 1947 in the African areas near Kampala, Uganda, was infected with
the Zika virus. An arthropod that inflicts a bite on a vertebrate in order to transmit
the  virus  is  referred  to  as  an  arbovirus  vector.  There  have  been  cases  of
nosocomial  transmission  via  organ  donation  or  bone  marrow  transfer,  sexual
transmission, and direct transmission from mother to child as nonvector arbovirus
transmission mechanisms [4]. As of July 21, 2016, ZIKV infection was reported
in sixty nations and territories. In 2018, India saw an outbreak of the Zika virus
(ZIKV).  ZIKV  has  been  classified  into  two  main  lineages,  African  and  Asian,
based on their geographic origins according to phylogenetic study [2, 4, 5].

History and Discovery of Zika Virus

In 1947, a guard at the Uganda Virus Research Institute (previously known as the
East  African  Virus  Research  Institute)  spotted  ill  rhesus  monkeys  in  the  Zika
jungle near Entebbe, Uganda. This was the first evidence of ZIKV. Later, Aedes
africanus mosquitos in the same forest were proven to contain ZIKV, and testing
on additional monkey species in the Zika forest confirmed that they were infected
as  well.  There  were  no  indicators  of  ZIKV  infection  discovered  in  serological
studies  of  small  animals  observed  in  the  Zika  forest,  including  civets,  giant
pouched  rats,  squirrels,  and  tree  rats.  This  study  supports  the  hypothesis  that
primates, including humans and monkeys, are the principal vertebrate hosts of the
virus. Six sentinel platforms with rhesus monkeys housed in cages were placed in
Uganda's  Zika  Forest  canopy  in  April  1947.  On  April  18,  a  rhesus  monkey
(number 766) held in a cage developed a temperature of 39.7°C. On the third day
of  the  fever,  the  monkey's  blood  was  collected,  and  the  Swiss  mice  got  it
intraperitoneally,  cerebrally,  and  subcutaneously,  along  with  another  rhesus
monkey (no. 771). By day ten, every mouse that had been intracerebrally infected
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exhibited  symptoms  of  disease,  and  their  brains  had  been  found  to  contain  a
filterable  transmissible  agent  [6  -  8].

During  the  monitoring  period,  monkey  number  766  only  exhibited  pyrexia;
however, no additional abnormalities or increased body temperature were noticed
in monkey number 771. Monkey No. 766 was infected with the ZIKV virus, or
more particularly, the ZIKV 766 strain. During the convalescent phase, one month
after  the febrile  episode and thirty-five days after  inoculation,  respectively,  the
serum  from  monkeys  766  and  771  neutralized  this  molecule.  To  isolate  YFV,
mosquitoes were caught in the Zika Forest in January 1948 [1]. Eighty-six Aedes
africanus mosquitoes were collected after being spotted through the Seitz filter,
and the mice were infected. One mouse died away on day six after immunization,
while another felt unwell on day fourteen. The virus that was detected in Aedes
africanus was identified as ZIKV [E/1 strain]. Rhesus monkey number 758 got a
subcutaneous  injection  of  the  remainder  of  the  Seitz  filtrate.  This  monkey
exhibited no indications of sickness [9 - 11]. However, two mice went away and
one became unwell following an intracerebral injection of the monkey's blood; the
sick monkey's serum included ZIKV [758 strain]. In response to the agent taken
from its serum, rhesus monkey no. 758 developed neutralizing antibodies against
the  virus  strains  established  from  Ae.  africanus  (ZIKV  E/1  strain)  and  rhesus
monkey no. 766 (ZIKV 766 strain). The first human host of ZIKV, a 10-year-old
Nigerian girl, was infected in 1954. Serum-neutralizing antibodies emerged in the
two human ZIKV infections that survived, according to 1954 Nigerian research.
In 1969, ZIKV was isolated from mosquitoes (Ae. aegypti) in Malaysia for the
first time outside of Africa. Following that, in Indonesia's central Java area, the
first  human  infections  were  detected  in  1977  [6,  7,  12].  In  2007,  there  was  an
epidemic of the Zika virus on the isolated island of Yap in the western Pacific.
Thirty-six  years  later,  a  big  pandemic  broke  out  in  the  South  Pacific  area  of
French Polynesia, with minor outbreaks emerging on other Pacific Islands. Most
likely  from  the  Pacific,  the  virus  invaded  Brazil  between  2013  and  2015  and
created a large outbreak that peaked in November 2015 before swiftly spreading
throughout  the  Americas  and  Brazil,  with  some  cases  still  circulating  in  the
Pacific islands in 2016. The majority of Zika virus cases have been documented in
Brazil's northeast and southeast. The Zika virus moved to North America in 2016
and  was  proven  to  be  active  in  practically  all  Latin  American  and  Caribbean
nations as  of  January 2017.  In  November  2016,  the Virus  Research Diagnostic
Laboratory  in  Ahmadabad,  Gujarat,  found  the  country's  first  Zika  case.  A  few
sporadic cases [in Gujarat and Tamil Nadu] and outbreaks of ZVD from the states
of Rajasthan and Madhya Pradesh have occurred between 2017 and 2018. Real-
time reverse transcriptase polymerase chain reaction (rRT-PCR) was utilized in
October and November of 2021 in the Indian state of Uttar Pradesh to detect and
validate over 100 Zika infections. There have been ZIKV virus outbreaks in two
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Abstract:  Influenza  viruses,  especially  the  H1N1  type,  can  cause  pandemics  and
seasonal  flu  epidemics,  which  makes  them  serious  threats  to  public  health.  Global
healthcare  and  financial  systems  are  heavily  burdened  by  these  illnesses.  Influenza
viruses, especially those with swine origins, are highly adaptive and a constant threat,
as demonstrated by historical outbreaks such as the Spanish flu of 1918 and the H1N1
swine flu pandemic of 2009. Comprehending the antigenic and genetic characteristics
of  H1N1  influenza  is  crucial  for  monitoring  and  formulating  preventive  measures,
including  immunization  and  antiviral  drugs.  To  lessen  the  effects  of  influenza
outbreaks,  cooperation,  vigilant  worldwide  surveillance,  and  preparedness  for
pandemics are crucial. In order to manage and stop the spread of H1N1, this abstract
emphasizes the significance of continued study, teamwork, and preventive actions.

Keywords:  Antigenic  drift,  Genetic  reassortment,  H1N1,  Influenza,  Pandemic,
Swine flu.

INTRODUCTION

Influenza viruses are a major public health risk because they can cause pandemics
as well as seasonal flu epidemics, which can happen at any time and especially
during large crowds [1, 2]. These infections  cause  significant  illness  and  death,
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putting  a  major  strain  on  healthcare  systems  and  economies  worldwide  [3,  4].
Annually,  influenza  viruses  infect  20%  to  30%  of  children  and  5%  to  10%  of
adults,  according to the World Health Organisation (WHO),  resulting in 3 to  5
million  serious  illnesses  [5].  Seasonal  influenza  outbreaks  cause  more  than
650,000 deaths worldwide each year [6, 7]. In the course of history, there have
been numerous reports of influenza pandemics and epidemics of influenza. The
most  well-known  of  these  is  the  Influenza  A  (H1N1)  “Spanish  flu”  of  1918,
which resulted in 500 million illnesses and 50-100 million deaths globally [8, 9].
H1N1  subtype  viruses,  most  notably  the  H1N1  Swine  flu,  coexist  with  flu  A
(H3N2)  viruses  that  first  emerged during  the  1968 epidemic  [10].  Swine  flu,  a
type of influenza A virus, infects the respiratory system causing fever, chills, and
appetite  loss,  potentially  reaching  the  lungs.  This  particular  virus  strain  is
commonly found in pigs worldwide, thus its common name, “swine flu.” Humans,
especially those living near pigs,  are susceptible to contracting swine influenza
viruses, which are usually zoonotic. However, unless there is a notable alteration
in the antigenic properties of the virus through recombination, human-to-human
transmission is typically ineffective [11]. 2009 saw the rapid global spread of a
novel swine flu strain, H1N1, among humans, which prompted the World Health
Organisation to proclaim a pandemic. Unlike typical swine flu, the 2009 H1N1
virus  spread  mainly  between  people  through  coughs,  sneezes,  or  touching
contaminated surfaces.  The effective spread of the virus from human to human
was  made  possible  by  a  reassortment  in  the  viral  RNA  structure.  Maintaining
alertness against these influenza pandemics is essential for preparing the world's
health  system.  The  dynamic  nature  and  quick  evolution  of  these  viral  illnesses
exacerbate their worldwide impact, in addition to the ongoing threat of influenza
pandemics.  The  1918  influenza  A  (H1N1)  “Spanish  flu”  and  the  2009  H1N1
swine flu demonstrate how influenza viruses can genetically reassort and mutate
to produce new strains that have the potential to spread to other areas and cause
pandemics. The 2009 H1N1 virus rapidly spread over the globe, emphasizing the
need  for  preparation  and  collaboration  on  a  global  scale  in  the  fight  against
emerging  infectious  diseases.  Outbreaks  of  influenza  not  only  directly  harm
people's  health  but  also  place  a  significant  burden  on  healthcare  systems,
lengthening  hospital  stays  and  consuming  limited  resources.  Moreover,  the
economic impact of influenza-related illness and mortality on healthcare expenses
and  productivity  is  noteworthy.  The  fact  that  influenza  has  a  dual  cost  on  the
health  and  financial  systems  highlights  the  urgent  need  for  further  study,
monitoring, and the creation of potent vaccinations in order to lessen the disease's
worldwide  effects.  The  discovery  of  antiviral  drugs,  yearly  immunisation
campaigns,  and  public  health  awareness  initiatives  are  all  part  of  the  complex
efforts  to  prevent  and  control  influenza.  It  is  essential  to  continuously  monitor
influenza strains, especially those that have the potential to spread to humans, in
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order to detect infections early and take preventative action in a timely manner.
The capacity of influenza viruses to adapt and spread effectively among humans
presents an ongoing challenge, as evidenced by past pandemics, underscoring the
significance  of  an  active  and  cooperative  worldwide  strategy  for  pandemic
preparedness  [12,  13].

The Swine-Origin Antigenic and Genetic Properties

Influenza viruses that possess hemagglutinin (HA), which the human population
is  largely  immune  to,  proliferate  rapidly  among  individuals  and  can  result  in
influenza pandemics.  The genes responsible for attaching to and infecting cells
(HA genes) in the most recent flu outbreaks of 1918 (H1N1), 1957 (H2N2), and
1968 (H3N2) can be traced back to bird flu viruses. All three viruses originated,
either fully or partially, from nonhuman reservoirs. The first A(H11N1) influenza
virus  isolates  from  pigs  were  discovered  in  1930  [14].  Significant  antigenic
similarity  between  the  newly  reconstructed  human virus  [15,  16]  and  the  1918
A(H1N1) virus points to a common ancestry [17]. For almost 70 years, between
1930 and the late  1990s,  these traditional  swine flu  viruses  spread only among
pigs and did not change much in their structure (antigenically stable [18, 19]. A
triple reassortant H3N2 (rH3N2) swine virus was circulating in swine populations
across North America before or around 1998 [18, 19]. This virus arose from a mix
of three influenza viruses: a classical swine flu virus, a modern human H3N2 flu
virus, and an unknown subtype of bird flu from the American lineage. After the
discovery of the rH3N2 virus, some scientists believe it mixed again with regular
H1N1 swine flu, creating new versions of both H1N1 and H2N2 swine flu with a
mix of genes from all three viruses [20, 21]. Human H1N1 flu strains gradually
changed (drifted) away from the one that caused the devastating 1918 pandemic
in  the  years  leading  up  to  the  1957  H2N2  outbreak  [17,  22].  The  A(H1N1)
influenza strain that first infected humans reappeared in 1977 [23]. In light of the
viruses  included  in  the  H1  component  of  the  influenza  virus  vaccine,  it  was
determined that eight updates were necessary between 1977 and 2009 [24]. The
human  H1N1  flu  virus  changed  a  lot  over  time,  while  the  pig  H1N1  flu  virus
stayed relatively the same. This big difference in how the viruses changed resulted
in  a  major  antigenic  gap  between  human  seasonal  H1N1  and  classical  swine
H1N1.  Because  of  this,  pigs  are  now  a  source  of  H1  viruses  that  could  infect
humans  and  cause  a  pandemic  or  serious  respiratory  outbreaks  [25,  26].
Interestingly, Lys is present in all recognized human influenza viruses at site 627
in the PB2, which is a protein, but Glu627 is unique to influenza viruses that infect
birds. All the 2009 A(H1N1) viruses studied so far have a building block called
Glu at a specific location. The 1918 virus and the highly pathogenic H5N1 virus
have both previously been connected to the PB1-F2 protein [27, 28]. The PB1-F2
protein,  found  in  most  influenza  viruses,  is  cut  short  in  all  sequenced  2009
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Abstract: The high transmissibility and pathogenicity of the H5N8 strain of the Avian
Influenza  virus  pose  serious  threats  to  poultry  populations  worldwide.  The
introduction,  traits,  structure,  history,  features,  prevalence,  case  studies,  treatment,
diagnosis,  and WHO recommendations  for  H5N8 avian influenza are  all  covered in
detail in this chapter. The virus mainly affects birds, resulting in severe symptoms like
decreased egg production and respiratory discomfort. A multidisciplinary approach is
required for diagnosis, which is essential for efficient management and surveillance.
This  approach  includes  clinical  assessment,  laboratory  testing,  and  epidemiological
investigation.  Limited  treatment  options  include  antiviral  drugs  like  zanamivir  and
oseltamivir, which are used off-label in birds. To track and contain zoonotic influenza
outbreaks,  the  WHO  recommends  enhanced  pandemic  preparedness  through  risk
assessment  and  intervention  techniques,  as  well  as  international  surveillance  and
cooperation.

Keywords: Avian influenza, Bird flu, Diagnosis, Epidemiology, H5N8, Poultry,
Pathogenicity,  Pandemic  preparedness,  Surveillance,  Treatment,  WHO
recommendations,  Zoonotic.

INTRODUCTION

Avian  influenza  is  a  highly  transmissible  illness  that  continues  to  spread
throughout bird populations worldwide in poultry [1]. H5N8 is a very lethal strain
of influenza A virus that is  commonly  referred to as  bird  flu in  wild  birds  and
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poultry [2]. Usually, H5N8 is not linked to humans. Viruses can jump to you in a
few ways: by touching sick birds or their droppings, through contact with dirty
surfaces, and even other methods. It is well known that H5N8 is very pathogenic
in  birds.  Severe  symptoms  including  respiratory  discomfort,  decreased  egg
production  and  elevated  death  rates  can  be  experienced  by  infected  chickens.
Clinical  symptoms  in  sick  birds  can  include  decreased  egg  production,  and
swollen eyes, neck, and head regions [3]. The influenza A virus, like its fellow A-
type viruses, has a genetic instruction manual made up of eight pieces. This code
tells  the  virus  how  to  build  at  least  11  different  tools  it  needs  to  function,
including two important ones called hemagglutinin and neuraminidase. In avian
species, HA and NA are categorized into 16 and 9 subtypes, respectively based on
genetic variations. These two proteins play a crucial role in identifying different
AIV serotypes. There are two main types of bird flu viruses: highly pathogenic
(HPAIV)  and  low  pathogenic  (LPAIV).  Scientists  use  a  special  test  called  the
intravenous  pathogenicity  index  (IVPI)  to  tell  them  apart.  This  test  involves
injecting  the  virus  into  chickens  and  observing  how  sick  the  birds  get.  By
measuring the severity of the illness in chickens, the IVPI helps classify the virus
as either highly pathogenic, causing severe disease and death, or low pathogenic,
with milder effects or even no symptoms [4]. The H5N8 virus can manifest itself
in a multitude of ways from asymptomatic and subclinical to highly lethal in some
populations  [5].  Numerous  studies  concerning  wild  birds  are  based  on  the
discovery of dead animals. This virus is super deadly. It has a kill rate of at least
75%, which scientists can confirm through an IVPI test score of above 1.2.

Structure

The influenza A virus, including H5N8, possesses a complex structure comprising
several key components:

Hemagglutinin (HA)

This protein is important for the virus to adhere to its target cells and effectively
invade  the  host’s  body.  In  the  case  of  this  virus,  the  hemagglutinin  subtype  is
represented as H5N8 and is contributed by the H5 type.

Neuraminidase (NA)

This enzyme assists in the ejection of the newly formed viral particles to the outer
surface of the infected cells. With reference to H5N8, the neuraminidase subtype
is N8.
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Matrix Protein (M)

It is involved in the process of virus assembly and budding.

Nucleoprotein (NP)

Shelters the RNA virus genome and is required for replication and transcription.

Viral Polymerase Complex

This complex consists of PA, PB1, and PB2 which is required in the transcription
process of the viral RNA genome.

Non-Structural Proteins (NS1 and NS2/NEP)

Such proteins assist in the control of viral reproduction rates and in the ability to
avoid detection by the host’s immune system.

The complete structure of H5N8 Virus is elucidated in Fig. (1) [1-5].

Fig. (1).  Structure of H5N8 virus.

History

This new A (H5N8) strain was first reported in wild birds in Asia around 2010
and sub-sequentially emerged in domestic birds in China, South Korea, and Japan.
It subsequently ventured into the European, Asian, and middle Eastern markets.
Cross-migratory wild birds, which move from one continent to another such as in
Egypt have also helped in the spread of the virus. H5N8 become notorious for its
change and shifting that is sensitive to genetic reassortment which enhances its
pathogenicity and its pattern of epidemic [6, 7].
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Abstract: On December 16, 2021, the outbreak of Ebola Virus Disease (EVD) in the
Beni  Health  Zone,  North  Kivu  Province,  Democratic  Republic  of  the  Congo,  was
officially declared over. This marked the end of the outbreak, which began on October
8, 2021. So far 11 outbreaks have been recorded, of which two survived and nine died.
This  chapter  discusses  various  factors  such  as  epidemiological  features,  modes  of
transmission,  clinical  symptoms,  infection,  prevalence,  surveillance  strategies,
prevention strategies, treatment options, and WHO recommendations summary of the
epidemic.  Most  cases  involve  kids  under  the  age  of  five,  highlighting  their
vulnerability.  Strong preventive  measures,  such as  quarantine,  contact  management,
safe burials and vaccination campaigns brought an end to the outbreak. The Ebola virus
characteristics, exposure time, mortality and symptoms are discussed, and the severity
and  complications  are  emphasized  with  implications  for  public  health.  Virus
physiology includes immune evasion mechanisms, regulation of cytokine/chemokine
networks, and inhibition of type I independent responses. The frequency of Ebola is
analysed, with outbreaks occurring most frequently in countries in Central and West
Africa.  Spread  is  affected  by  animal  vectors,  modes  of  transmission,  and  social
influences. Vaccine use and advances in treatment, surveillance strategies, prevention
programs  and  treatment  are  all  discussed.  WHO  guidelines  strongly  emphasize
comprehensive  care  for  EVD  victims,  preparedness  in  health  facilities,  community
involvement, and infection control measures. Preventing an Ebola outbreak effectively
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minimizing  its  impact  on  global  health  requires  improved  public  health  policy,
international  cooperation,  and  ongoing  research.

Keywords: Case fatality rate, Democratic republic of congo, Ebola virus disease,
Zoonotic transmission, Outbreak.

INTRODUCTION

On  December  16,  2021,  the  Democratic  Republic  of  the  Congo's  Ministry  of
Health  officially  declared  the  conclusion  of  the  Ebola  virus  disease  (EVD)
outbreak in Beni Health Zone, North Kivu Province, by WHO guidelines, 42 days
after the last confirmed case tested negative for the second time [1, 2]. Between
October  8  and  December  16,  a  total  of  11  cases  were  reported  in  Beni  HZ,
including eight confirmed and three probable cases, resulting in nine deaths and
two survivors.  The overall  case fatality  ratio  (CFR) stands at  82% among total
cases and 75% among confirmed cases [3, 4]. The outbreak, declared on October
8,  began with a  3-year-old boy exhibiting symptoms such as  weakness,  loss  of
appetite,  abdominal  pain,  breathing  difficulties,  and  gastrointestinal  issues  [5].
The  emergence  of  Ebola  outbreaks  transcends  the  realm  of  public  health,
triggering  a  cascade  of  profound  social,  economic,  and  psychological
ramifications within affected communities. These consequences often manifest as
heightened fear,  social  stigma, and disruptions to both healthcare infrastructure
and the daily routines of individuals [6]. Ebola, a severe illness from the Ebola
virus,  lurks  in  wild  animals  like  fruit  bats.  Human  outbreaks,  concentrated  in
Central  and West  Africa,  arise  from contact  with infected animals.  This  highly
contagious virus spreads through bodily fluids, and healthcare hygiene is crucial.
Symptoms  like  fever  and  bleeding  appear  after  2-21  days.  Beyond  the  health
crisis, Ebola outbreaks disrupt societies and inflict fear [1].

CHARACTERISTICS

Transmission

Natural Reservoir: The Ebola virus is hypothesized to have a natural reservoir in
specific animal species, such as fruit bats. Zoonotic transmission events, marked
by  the  initial  transfer  of  the  virus  from these  animal  reservoirs  to  humans,  are
believed to be the origin of Ebola virus outbreaks. These transmission events are
most likely to occur during activities that involve the handling or consumption of
infected animals [7, 8].  Ebola virus infection presents with a variety of clinical
manifestations,  including  elevated  body  temperature,  intense  cephalalgia,
myalgia,  profound  asthenia,  diarrhoea,  emesis,  stomachache,  and  uncontrolled
haemorrhage or ecchymosis [9, 10]. Fatality Rate (CFR): Ebola outbreaks exhibit
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a high case fatality rate, varying between outbreaks but often reaching alarming
levels.  The CFR can be influenced by factors such as healthcare infrastructure,
early detection, and access to medical care. Incubation Period: Ebola exhibits an
incubation  period  ranging  from  2  to  21  days.  Notably,  during  this  interval,
infected individuals may remain asymptomatic; however, they are still capable of
transmitting  the  virus  to  others  [11].  Nosocomial  Spread:  Geographic
Distribution: Documented Ebola outbreaks have been concentrated in Central and
West  Africa,  with  the  identification  of  distinct  viral  strains.  The  geographical
spread of these outbreaks exhibits variability, ranging from isolated occurrences
in  rural  areas  to  episodes  affecting  densely  populated  urban  centres  [12].
Community Impact: The emergence of Ebola outbreaks transcends the realm of
public  health,  triggering  a  cascade  of  profound  social,  economic,  and
psychological  ramifications  within  affected  communities.  These  consequences
often  manifest  as  heightened  fear,  social  stigma,  and  disruptions  to  both
healthcare  infrastructure  and  the  daily  routines  of  individuals.

Outbreak  Control  Measures:  Control  measures  during  Ebola  outbreaks  include
case  isolation,  contact  tracing,  safe  burials,  community  engagement,  and  the
implementation  of  infection  prevention  and  control  measures  in  healthcare
settings  [13].Vaccination  Efforts:  In  recent  years,  efforts  to  control  Ebola
outbreaks have included the deployment of vaccines, such as rVSV-ZEBOV-GP,
as a preventive measure for individuals at risk of exposure [14].

Features of Ebola Virus: Structure, Transmission and Clinical Manifestation

Ebola,  a  thread-like  virus  with  a  protective  outer  shell,  belongs  to  a  family  of
viruses  known  for  causing  severe  illness.  This  unique  structure  and  other
characteristics  of  Ebola  play  a  big  role  in  how  it  makes  people  sick  [15].
Examining  these  features  is  crucial  for  understanding  the  virus's  biology,
transmission dynamics, and the development of effective countermeasures. The
Ebola virus carries its instructions in a single, coiled-up strand of RNA, kind of
like a  recipe.  This  genetic  material  is  around 19,000 to 30,000 letters  long and
contains  the  code  for  building  seven  different  parts,  or  proteins,  that  the  virus
needs to function [16]. The Ebola virus is like a tiny machine with seven different
parts, each with a specific function. One particularly important part is the surface
glycoprotein (GP). This protein acts like a key, allowing the virus to enter human
cells. Because it is so crucial for infection, the body's immune system also tries
hard  to  target  and inactivate  this  protein  [17].  There  are  five  different  types  of
Ebola  virus:  Zaire,  Sudan,  Tai  Forest,  Bundibugyo,  and  Reston  [18].  Different
types (species) of Ebola virus can be found in different areas of the world, and
some  cause  more  severe  illness  than  others.  For  example,  the  Zaire  species  is
known  to  be  particularly  deadly  [19],  while  the  Reston  species,  although
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Abstract:  Lassa  fever,  a  viral  hemorrhagic  disease  prevalent  in  West  Africa,
particularly in countries like Sierra Leone and Nigeria, is primarily caused by the Lassa
virus  (LASV).  The  multimammate  rat  (Mastomys  natalensis)  serves  as  the  primary
rodent reservoir for the virus. Human infection typically results from contact with the
rodent’s feces or through human-to-human transmission.

Although  significant  advancements  have  been  made  in  understanding  the  virus's
genetic  structure,  clinical  presentation,  and  transmission,  there  remain  critical
unanswered  questions  regarding  its  pathophysiology,  immunology,  ecology,  and
epidemiology.  Lassa  fever  outbreaks  are  common,  and  in  densely  populated  areas,
there  is  a  risk  of  the  virus  evolving  into  new  strains,  while  rodent  reservoirs  may
continue to expand.

Due  to  the  virus’s  potential  for  international  spread  and  concerns  surrounding
bioterrorism,  research  efforts  have  intensified  to  develop  medical  countermeasures.
While studies on possible treatments and vaccine candidates are ongoing, no approved
vaccines or  medications are currently available for  human use.  This  review offers  a
comprehensive analysis of LASV virology, the progression of Lassa fever in patients,
and current efforts to identify effective treatments.

Keywords:  Epidemiology,  Diagnosis,  Lassa  fever,  LASV,  Rodents,  Ribavirin,
Viruses.

INTRODUCTION

Lassa fever is a severe viral hemorrhagic illness endemic to West Africa, caused
by the Lassa virus (LASV), a member of the Adenoviridae family. The clinical
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presentation  of  this  zoonotic  disease  varies  widely,  ranging  from  mild  or
asymptomatic cases to severe multisystem involvement with high fatality rates.
The  primary  source  of  LASV  infection  in  humans  is  the  multimammate  rat
(Mastomys  natalensis),  which  sheds  the  virus  in  its  urine  and  feces  [1],  as
illustrated  in  Fig.  (1).

Fig. (1).   “Transmission Pathways of Lassa Virus: From Mastomys natalensis  Reservoir to Spillover and
Human-to-Human Transmission”.

Rodents, especially Mastomys natalensis, are the primary reservoir of the Lassa
virus  (LASV).  LASV  can  spread  among  rodents  via  congenital  or  horizontal
pathways.  The  virus  can  also  infect  other  animal  species,  and  ticks  feeding  on
these  animals  are  potential  carriers.  Exposure  to  these  rodents  or  intermediate
hosts, through their excretions or handling of infected animals, may cause LASV
spillover. Human-to-human transmission can occur both at home and in medical
facilities.

Epidemiologically,  Lassa  fever  is  prevalent  in  countries  such  as  Sierra  Leone,
Nigeria,  Liberia,  and  Guinea,  where  environmental  conditions  favor  the
proliferation  of  the  rodent  reservoir.  Human  infections  occur  through  direct  or
indirect  contact  with  rodent  excreta,  creating  a  complex  chain  of  transmission.
Person-to-person  transmission,  especially  within  healthcare  settings,  has
contributed to amplifying outbreaks, highlighting the importance of nosocomial
precautions in preventing the spread of the disease.
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The clinical spectrum of Lassa fever ranges from mild to severe manifestations.
Early  stages  resemble  influenza-like  symptoms,  such  as  fever,  headache,  and
general  malaise  [2].  However,  severe  cases  may  lead  to  respiratory  distress,
encephalopathy, hemorrhagic signs, and multi-organ failure. Mortality rates vary
between  outbreaks  and  regions,  often  reflecting  the  quality  of  healthcare
infrastructure and access to medical interventions. Lassa fever poses a significant
public health risk, with case mortality rates for hospitalized patients reported to
approach 50%. Currently, there are no specific antiviral medications available for
Lassa  fever.  Supportive  care  remains  the  cornerstone  of  treatment,  addressing
complications  such  as  shock,  organ  failure,  and  fluid  imbalances  [3].  Early
treatment with the broad-spectrum antiviral  ribavirin has been shown to reduce
mortality  rates,  although  its  effectiveness  is  limited  by  the  challenges  of  early
diagnosis and varying patient responses to treatment.

Efforts to develop vaccines against Lassa fever have gained momentum. Various
vaccination strategies, including protein subunits and viral vectors, have shown
promise in preclinical and early clinical trials [4]. These vaccines aim to stimulate
protective immune responses against LASV, preventing or reducing the severity
of  the  disease.  While  no  vaccine  has  yet  been  approved  for  widespread  use,
ongoing research and clinical trials offer hope for the future implementation of
vaccination strategies.

Diagnostic approaches for  Lassa fever include both laboratory-based and field-
friendly  methods.  Reverse  transcription  polymerase  chain  reaction  (RT-PCR)
remains the gold standard for diagnosing LASV infection due to its sensitivity and
specificity.  Additionally,  serological  tests  that  detect  LASV-specific  antibodies
aid in diagnosing previous infections and assessing population exposure. Given
the limitations of laboratory infrastructure in endemic regions, point-of-care tests
are being developed to facilitate rapid diagnosis and timely management.

Lassa  fever  represents  a  complex  interplay  between  a  zoonotic  virus,  a  rodent
reservoir,  and  human  susceptibility  [5].  Human  activities  and  environmental
factors shape the disease's epidemiology, leading to a range of clinical outcomes.
Despite  the  challenges  of  high  case  fatality  rates,  the  absence  of  approved
antiviral  therapies,  and  sporadic  outbreaks,  research  efforts  are  advancing  our
understanding  of  the  virus's  biology,  developing  medical  interventions,  and
improving diagnostic strategies. These collective efforts hold promise for better
preparedness,  mitigation,  and  control  of  Lassa  fever  in  endemic  regions  and
beyond.
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FUTURE PERSPECTIVES

The emergence of deadly viruses and their global outbreaks pose serious threats to
public health and global economies. The COVID-19 pandemic, an unprecedented
disaster  in  recent  times,  has  impacted  health,  social  structures,  and  economies
worldwide.  Both  developed  and  developing  nations  grapple  with  its  severe
consequences [1, 2]. This marks the third coronavirus outbreak of the 21st century
to cause a large-scale epidemic. In response, top priorities include developing new
drugs, conducting clinical trials for existing medications, and designing effective
vaccines  [3,  4].  Additionally,  identifying  the  natural  animal  reservoirs  of  these
viruses and restricting the consumption of such animals is crucial. Lessons from
past  outbreaks,  like  SARS-CoV  and  MERS-CoV,  highlight  the  importance  of
establishing animal models that mimic human disease for vaccine development.
While  the  global  approach  focuses  on  isolating  populations  to  stop  the  spread
until  a  vaccine  is  created,  challenges  exist  in  rapid  vaccine  development  and
testing, emphasizing the need for international collaboration [5]. Proper hygiene
practices can significantly reduce the incidence of COVID-19 and other hygiene-
related  diseases  [6].  Studying  past  outbreaks,  like  the  devastating  Spanish  Flu
pandemic of 1918, continues to inform our approach to influenza today. Research
on  the  reconstructed  1918  virus  has  provided  invaluable  insights  into  how
pandemics emerge and escalate [7]. This knowledge also allows us to predict the
potential dangers posed by novel pandemic viruses. A critical takeaway from past
outbreaks  is  the  continuous  evolution  of  influenza  viruses  and  their  ability  to
develop  resistance  to  antiviral  medications.  The  rapid  rise  of  oseltamivir
resistance  in  seasonal  H1N1  viruses  serves  as  a  stark  reminder  of  this  vulne-
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rability.  Despite  the  clear  medical  need,  the  development  of  new  influenza
antivirals has been hampered by limited market potential due to the unpredictable
nature of the influenza season. Additionally, the requirement for early treatment
and limitations of diagnostic tests further complicates widespread use. Designing
and conducting clinical trials for influenza antivirals also present difficulties due
to the lack of accepted surrogate markers and the variable nature of symptoms.
However, there are signs of renewed interest in influenza antiviral development
due to unmet medical needs, rapid emergence of resistance, government funding,
and the 2009 pandemic. Significant investments have been made in developing
new antivirals, particularly for severely ill patients and those needing long-lasting
treatment options. Additionally, a variety of novel drug candidates with unique
mechanisms of action are under development.  The successful  development and
approval  of  these  drugs  will  broaden  treatment  options  for  all  age  groups  and
special  populations.  Combination  therapy,  as  seen  with  HIV  antivirals,  holds
promise  for  increased  efficacy  and  reduced  resistance  development.  Antiviral
drugs  targeting  host  factors  offer  further  advantages  by  potentially  reducing
resistance  and  offering  broad-spectrum  activity  against  various  respiratory
infections [8]. Dengue fever, a mosquito-borne viral infection impacting millions
globally,  is  another  growing  public  health  threat.  Understanding  the  factors
influencing  its  spread,  such  as  climate  change-induced  alterations  in  weather
patterns  and  mosquito  breeding  grounds,  is  crucial  for  developing  effective
prevention  strategies  [9].  Limitations  of  the  currently  available  vaccine  further
complicate the fight against dengue. While promising new vaccine candidates are
under  development,  long-term  monitoring  is  necessary  before  widespread  use
[10]. Zika virus, a mosquito-borne flavivirus, has emerged as a significant public
health  concern  due  to  its  potential  to  cause  severe  congenital  disabilities  and
autoimmune  complications.  Understanding  the  intricate  interplay  between  the
Zika  virus  and  its  host  is  essential  for  developing  effective  prevention  and
treatment  strategies.  Researchers  are  actively  investigating  several  aspects  of
ZIKV-host interaction, including the mechanism of placental infection and viral
persistence in immune-privileged sites. Additionally, researchers are exploring the
role of non-coding RNAs during ZIKV infection and developing diagnostic tools,
antiviral drugs, and vaccines. The fight against emerging viral threats requires a
coordinated  global  response  [11].  Researchers,  pharmaceutical  companies,
policymakers, regulators, and funding agencies must work together to identify and
implement effective global strategies. This includes controlling the spread of these
viruses,  mitigating  associated  complications,  and  ultimately  eradicating  these
emerging threats. New human-derived models, such as organoids and organ chips,
offer a significant advantage over traditional in vitro models for studying virus-
host interactions. These advancements hold promise for providing deeper insights
into  viral  mechanisms,  ultimately  aiding  in  the  design  of  more  targeted  and
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effective  therapeutics  [12].  By  simultaneously  addressing  knowledge  gaps  and
developing  a  robust  arsenal  of  tools,  researchers  can  effectively  combat  these
emerging public health threats [4]. The emergence of the 2009 H1N1 influenza
pandemic underscored the critical importance of a “One Health” approach. This
approach recognizes the interconnectedness of human, animal, and environmental
health  and  is  essential  for  effectively  preventing  and  responding  to  future
influenza pandemics. Several key lessons emerged from the 2009 pandemic. An
effective global system for coordinated surveillance and response is necessary for
the early detection and control of influenza outbreaks in animal populations. This
minimizes  threats  to  both  human  and  animal  health.  Successful  disease
investigation  and  response  require  strong  communication  and  collaboration
between human and animal health professionals [13]. Increased surveillance for
swine flu virus infections in occupational groups with close animal contacts, such
as  poultry  and  swine  workers,  is  crucial  for  the  early  detection  of  new  human
cases.  Protecting  the  health  of  these  groups  can  significantly  reduce  human-t-
-human transmission. Standardizing the naming of influenza viruses and diseases
is vital  to avoid public confusion about risk factors and to prevent unnecessary
economic impacts  on food producers  [14].  Fig.  (1)  provides the mortality  rates
(%) of the viral outbreaks with Ebola being the most lethal [2, 15-17].

Fig. (1).  Mortality rates of the viral outbreaks [2, 15-17].
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