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Abstract: Viruses are notorious for causing a significant array of infectious diseases, rendering them a prominent 
contributor to global morbidity and mortality rates. Throughout history, various regions have experienced outbreaks, 
epidemics, and pandemics, resulting in significant mortality rates. The Influenza virus gave rise to highly fatal outbreaks 
that disseminated on a global scale, subsequently resulting in a pandemic during the initial decades of the 20th century. 
This catastrophic event led to >75 million fatalities, accompanied by a substantial incidence of illnesses. In addition 
to the development of efficacious treatments for viral diseases, it is imperative to establish and implement various 
preventive measures to mitigate the transmission of diseases within both local and global populations. Furthermore, 
it is critical to implement proven conventional and contemporary strategies for managing viral infections, alongside 
bolstered surveillance systems. Viruses employ diverse modes of transmission, encompassing respiratory, oral-fecal, 
blood-borne, and vector-borne pathways. Consequently, effective measures to mitigate viral dissemination must be 
tailored to address each distinct route of transmission. This review discusses the existing strategies employed to 
mitigate the transmission and containment of viral outbreaks, as well as the dissemination of the disease within a 
sizable population, intending to reduce their detrimental and fatal impacts on a community.
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1.	 INTRODUCTION 

Viruses belong to a distinct group of infectious agents 
having unique and simpler acellular organization 
and their way of multiplication as compared to 
bacterial and fungal pathogens [1]. Viruses are 
mainly composed of nucleocapsids comprising of 
the nucleic acid genome (DNA/RNA) and protein 
coat, while some of the viruses have an additional 
lipid bilayer surrounding the protein coat called 
the envelope. Despite their simple organization, 
they are one of the major causes of diseases and 
can infect all types of cells, including plants, 
animals, humans, protists, fungi, and bacteria. The 
International Committee on Taxonomy of Viruses 
(ICTV) designates about 9110 viral species and 
classifies them into 224 genera, 189 families, 59 
orders, 39 classes, 17 phyla, 10 kingdoms, and 6 
realms [2].  

The convergence of infectious viral illnesses 
poses a significant public health obstacle in the 
21st century. An emerging virus, contingent upon 
its capacity for human-to-human transmission has 
the potential to cause isolated or sporadic instances 
leading to a localized outbreak that necessitates 
public health action [3]. In the most severe situations, 
it may escalate into a widespread epidemic or global 
pandemic. Epidemics and outbreaks of infectious 
diseases have killed more humans in history as 
compared to any other cause [4]. An epidemic is the 
rapid and instant spread of a particular disease in a 
large number of individuals in a given population of 
a specific geographic location within a short period. 
When an epidemic occurs worldwide, crossing the 
boundaries of several countries and affecting a 
large population it is called a pandemic [5]. A viral 
infection ranges from trivial infections to smallpox 
and flu that altered the course of history. There 
have been several different emergence episodes in 



the previous twenty years. The viruses encompass 
both novel viruses such as the SARS and MERS 
coronaviruses [6, 7], and well-known reemerged 
epidemics such as swine- and avian-origin influenza 
as well as Ebola and Zika viruses [8-10]. Because 
of the immense variation in viruses’ epidemiology, 
mode of transmission, and pathogenesis, there is no 
single magic bullet to control viral diseases. 
The landmark in combating the viral infection 
was made in 1798 by Edward Jenner when he 
inoculated a boy with less virulent cowpox to 
form immunity against the smallpox virus [11]. 
For about two centuries after the first vaccination 
by Jenner, healthcare providers tried to limit the 
spread of the virus by providing effective vaccines 
for protection against viral infections and scientists 
spared no efforts in developing effective vaccines 
[12]. In recent decades, there has been a surge 
in various types of viral outbreaks ranging from 
influenza pandemics to emerging zoonotic diseases 
and COVID-19 [13, 14]. These outbreaks have 
required a multifaceted and dynamic response from 
the scientific and public health sectors. Researchers 
are exploring the complex mechanisms of viral 
pathogenesis, host-virus interactions, and the 
ecological factors that contribute to viral spillover. 
As a result, new combating strategies have been 
developed to detect prevent, and reduce the 
impact of viral outbreaks. Currently, approaches 
and advances are in progress to confine a virus to 
the place of its origin and try to stop its spread to 
a large population. When it comes to combating 
outbreaks and epidemics, it is crucial to not only 
focus on effective immunization and therapeutic 
interventions but also prioritize the implementation 
of preventive measures. Approaching the 
prevention and control of infectious diseases 
requires a scientific approach which involves 
following strict hygiene practices, maintaining high 
sanitation standards, implementing vector control 
measures, and conducting regular screenings for 
pathogens. These measures are crucial in reducing 
the occurrence and effects of infectious diseases. 
The scientific perspectives highlight the importance 
of using a comprehensive strategy that combines 
preventive interventions and curative measures to 
control the spread and impact of harmful outbreaks 
in different epidemiological settings [15, 16].

Factors contributing to viral emergence have 
been extensively studied and documented. These 

factors include population growth, travel, land use 
changes, dietary shifts, conflicts, social changes, 
and climate change [17]. These factors contribute 
to the increased interactions between humans 
and reservoir hosts, which in turn lead to greater 
exposure to zoonotic viruses and the transmission 
of infections to people. Additionally, these factors 
also facilitate the spread of emerging viruses within 
human populations. Understanding the intricate 
connections between virus ecology, host factors, 
and genetics that contribute to virus emergence 
is an incredibly intricate task, and if connections 
are made accurately the viral outbreaks can be 
controlled by applying respective mitigation 
strategies [4, 18, 19]. Moreover, virus genomics 
has been employed for many years to examine 
and analyze epidemics of viral diseases. The 
phenomenon is feasible because viruses, especially 
those with RNA genomes produce genetic diversity 
at the same rate as virus transmission. This is 
achieved by a combination of rapid mutation and 
replication processes. Therefore, it is feasible to 
deduce the epidemiology and emerging dynamics 
by analyzing virus genomes that have been sampled 
and sequenced during short epidemic periods. 
However, it is challenging to anticipate which 
virus will trigger the next epidemic. Therefore, 
it is crucial that our response is based on sound 
scientific knowledge, resilient strategies, and 
effective efficiency [20]. This review will delve 
into the important aspects of current viral epidemic 
management using contemporary approaches 
including preventive measures, vaccine research, 
antiviral treatments, and public health initiatives.

2.	 VIRAL DISEASES EPIDEMICS AND 
PANDEMIC 

The emergence of microbes that are pathogenic to 
humans appears to be accelerating every year. Of 
all the pathogenic microorganisms that have been 
identified since the 1980s, approximately 60% 
spread from animal source to human, either due to 
interaction with vector or carrier (mosquitos, ticks, 
etc.) due to direct contact with microorganism, 
respiratory transmission (Influenza), the bite of an 
infected animal (rabies), or through contact with 
body fluids like tears, saliva, or blood [21]. Major 
epidemics and pandemics due to viruses worldwide 
from 1918 up till now are described in Table 1.  
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Table 1. Major outbreaks of viral diseases in the recent past  (1918-2023).
Year of 
Outbreak Outbreak Event Countries Affected Pathogens Number of 

Deaths References

1918-1922 Influenza Pandemic Worldwide Influenza A/H1N1 50 million + 
1924-1925 Smallpox epidemic Minnesota, US Variola virus 500
1940 Yellow fever epidemic Sudan Yellow fever virus 1,627
1948-1952 Polio epidemic US Poliovirus 9000
1957-1958 Asian flu Pandemic Worldwide Influenza A/H2N2 2-4 million
1974 London Flu US Influenza A/H3N2 1,027
1974 Smallpox epidemic India Variola virus 15,000
1977-78 Soviet Flu Worldwide Influenza A/H1N1 10,000-30,000
1981-present AIDS Worldwide HIV 32,000,000 +
1998-1999 Nipah epidemic Malaysia Nipah virus 105
2000 Dengue epidemic Central America Dengue virus 40+
2002-2004 SARS epidemic Worldwide SARS-CoV 774
2004 Dengue outbreak Indonesia Dengue virus 658
2004 Ebola outbreak Sudan Ebola virus 7
2005 Dengue outbreak Singapore Dengue virus 27
2006 Dengue epidemic India Dengue virus 50+
2006 Dengue epidemic Pakistan Dengue virus 50+
2007 Ebola epidemic Demographic 

Republic of Congo
Ebola virus 187

2007 Ebola outbreak Uganda Ebola virus 37
2008 Dengue epidemic Brazil Dengue virus 67
2008 Dengue epidemic Cambodia Dengue virus 407
2009 Dengue epidemic Bolivia Dengue virus 18
2009 Hepatitis outbreak India Hepatitis B virus 49
2009-2010 Swine flu pandemic Worldwide Influenza A/H1N1 18,449 [13-15, 22]
2010-2014 Measles outbreak Demographic 

Republic of Congo
Measles virus 4500+

2011 Dengue epidemic Pakistan Dengue virus 350+
2012 MERS outbreak Worldwide MERS-CoV 935
2013-2016 Ebola epidemic Worldwide Ebola virus 11,323+
2013-2015 Chikungunya 

outbreak
America C h i k u n g u n y a 

virus
183

2015-2016 Zika virus outbreak Worldwide Zika virus 53
2017 Dengue outbreak Pakistan Dengue virus 69
2018 Nipah outbreak India Nipah virus 17
2018-2020 Kivu Ebola epidemic Uganda and the 

Demographic 
Republic of Congo

Ebola virus 2280

2019-2021 Measles outbreak Philippines Measles virus 415
2019-2021 Dengue epidemic Latin America, Asia-

Pacific
Dengue virus 3930

2019-2022 COVID-19 Worldwide SARS-CoV-2 6 million+
2022-2023 Monkeypox Worldwide Monkeypox virus 100+
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3.	 PREVENTION AND CONTROL 
STRATEGIES FOR VIRAL 
OUTBREAKS

For every kind of viral outbreak, the concept 
is to break the chain of infection to mitigate its 
spread. The current prevention, control, and 
management strategies for viral outbreaks involve 
both pharmaceutical interventions (vaccine and 
drugs) and non-pharmaceutical interventions like 
isolation, contact tracing, vector control, hygienic 
practices, and case management tools that could 
influence the spread of infection and hence break 
the chain of infection. Outbreak management 
and control is a stepwise approach that includes 
surveillance, determining the reality of an outbreak, 
case definition and ascertainment by laboratory 
detection, epidemiological studies, epidemiological 
curve monitoring, determining the root cause of 
an outbreak, comparative studies, intervention, 
control measures, assessment of intervention for 
their effectiveness, and sharing of the findings 
with national and international healthcare bodies.  
Figure 1 illustrates the strategies involved in 
controlling the viral infection and preventing its 
transmission to a large population. 

4.	 CURRENT STRATEGIES TO COMBAT 
RESPIRATORY VIRAL INFECTIONS

Respiratory tract infections caused by viruses 
are one of the leading causes of morbidity and 
mortality in the world, representing an enormous 
health and economic burden [23]. Respiratory 
viruses replicate and damage the respiratory tract, 
and shed via respiratory routes to infect other 
individuals. Three different routes are used by 
respiratory viruses to transmit from one host to 
another; droplet, contact (indirect or direct), and 
aerosol transmission. The transmission of the 
viruses via these routes depends upon several 
variables like environmental factors, overcrowding 
of people, and host cell receptor distribution in the 
respiratory tract. Respiratory infections caused by 
viruses or other related pathogenic agents are more 
common in the winter season, possibly due to the 
propensity of people to remain inside houses and 
shelters nearby [24].  The Influenza seasonality 
is strongly modulated by relative humidity (HR) 
and temperature as the virus has shown enhanced 
transmissibility in low temperature and humidity. 
A study reported the enhanced transmission rate of 
the virus among guinea pigs at 5 °C while inhibited 
at 30 °C. Similarly, dry conditions (RH of 20-35%) 

Fig. 1. Illustration of the generalized step-wise approach for the control and 
management of viral outbreaks.  The first step toward the management and 
control of viral outbreaks is “Prevention” which could be brought about 
by education, awareness about the diseases, following occupational safety 
measures, proper sanitation system, and proper hygienic practices. The second 
step is “Surveillance” which involves the epidemiological investigation, 
seroprevalence, and characterization of the pathogen in the population. The third 
step is “Diagnosis” which involves the laboratory detection of pathogen and the 
last approach in control and management of viral outbreaks is the “Treatment” 
by using different antivirals and supportive therapies 
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is a stepwise approach that includes surveillance, determining the reality of an outbreak, case definition and ascertainment 
by laboratory detection, epidemiological studies, epidemiological curve monitoring, determining the root cause of an 
outbreak, comparative studies, intervention, control measures, assessment of intervention for their effectiveness, and sharing 
of the findings with national and international healthcare bodies. Figure 1 illustrates the strategies involved in controlling 
the viral infection and preventing its transmission to a large population.  

    

Fig. 1. Illustration of the generalized step-wise approach for the control and management of viral outbreaks. The first step toward the 
management and control of viral outbreaks is “Prevention” which could be brought about by education, awareness about the diseases, 
following occupational safety measures, proper sanitation system, and proper hygienic practices. The second step is “Surveillance” 
which involves the epidemiological investigation, seroprevalence, and characterization of the pathogen in the population. The third step 
is “Diagnosis” which involves the laboratory detection of pathogen and the last approach in control and management of viral outbreaks 
is the “Treatment: by using different antivirals and supportive therapies  

4. CURRENT STRATEGIES TO COMBAT RESPIRATORY VIRAL INFECTIONS 

Respiratory tract infections caused by viruses are one of the leading causes of morbidity and mortality in the world, 
representing an enormous health and economic burden [23]. Respiratory viruses replicate and damage the respiratory tract, 
and shed via respiratory routes to infect other individuals. Three different routes are used by respiratory viruses to transmit 
from one host to another; droplet, contact (indirect or direct), and aerosol transmission. The transmission of the viruses via 
these routes depends upon several variables like environmental factors, overcrowding of people, and host cell receptor 
distribution in the respiratory tract. Respiratory infections caused by viruses or other related pathogenic agents are more 
common in the winter season, possibly due to the propensity of people to remain inside houses and shelters nearby [24].  
The Influenza seasonality is strongly modulated by relative humidity (HR) and temperature as the virus has shown enhanced 
transmissibility in low temperature and humidity. A study reported the enhanced transmission rate of the virus among guinea 
pigs at 5°C while inhibited at 30°C. Similarly, dry conditions (RH of 20-35%) were observed more favorable in viral 
transmission compared to intermediate (RH of 50%) or humid (RH of 80%) conditions [25]. 

 Generally, respiratory tract infections are mostly non-lethal, but some people are at risk of developing severe symptoms 
and are more vulnerable to disease. The individuals who are more vulnerable to respiratory tract infections include old 
individuals, individuals with pre-existing lung infections, and immune-compromised individuals [26]. The following 
strategies could be adopted to prevent an outbreak or mitigate the effect of an ongoing epidemic of respiratory viral diseases  

4.1 Enhanced Surveillance System   
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When a cluster of cases is reported in an area, an enhanced surveillance system is required to manage and limit the spread 
of associated diseases, enabling the public health authorities to effectively monitor and manage the potential risk of disease 
(Fig. 2). The main objectives of an enhanced surveillance system include the rapid testing, detection, and management of 
infected and suspected cases, contact tracing, implementation of effective control measures, the impact of the epidemic on 
healthcare systems, epidemiological trends of pathogenic organisms, and co-circulation of that pathogenic organism with 
other related pathogens [27]. The comprehensive national action plan for the management of viral respiratory diseases 
requires the adaptation and enforcement of national systems under the recommendations of the national health regulatory 
system of the country. Since the world has faced many respiratory viral outbreaks including influenza virus (H1N1, H7N9, 
and H10N8) [28], human adenovirus, and coronaviruses (SARS-CoV, MERS-CoV, and SARS-CoV-2) [29] various 
surveillance systems have been developed to monitor the respiratory viral outbreaks [30]. These systems include a web-
based system, syndrome identification, and a system that obtains data from healthcare facilities. The Global Influenza 
Surveillance and Response System called Global Influenza Surveillance Network (GISN) was established in 1952 and is 
the classical example of global network surveillance of the disease that currently has 6 WHO Collaborating Centers and 
138 National Influenza Centers [31].  Figure 2 shows the systems involved in the enhancement of valuable data on disease 
for the management and control of an outbreak.  
 
The enhanced surveillance system involves the collection of integrated data from primary care centers, hospitals, and 
diagnostic labs. The data collection of cases from private practitioners and residential facilities like an orphanage, daycare 
centers, and sports centers also need to be considered in the surveillance. Event-based surveillance and participatory 
surveillance can be included in the enhanced surveillance system to determine the incidence of disease in a particular area. 
The collective data will then be analyzed and policies to control the outbreak can be made by governments easily, as it can 
give detailed accounts of the geographic locations and vulnerable groups. The policies should be based on the assessment 
of existing research, public communication capacity, and community understanding including demographics, 
socioeconomic status, literacy level, and ethnicity followed by coordination of different related departments. The 
policymakers then can construct an emergency plan that captures previously reported cases and develop plans to control the 
newly emerging cases. 

 

were observed more favorable in viral transmission 
compared to intermediate (RH of 50%) or humid 
(RH of 80%) conditions [25].
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of developing severe symptoms and are more 
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vulnerable to respiratory tract infections include 
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[26]. The following strategies could be adopted 
to prevent an outbreak or mitigate the effect of an 
ongoing epidemic of respiratory viral diseases 

4.1. Enhanced Surveillance System  

When a cluster of cases is reported in an area, 
an enhanced surveillance system is required 
to manage and limit the spread of associated 
diseases, enabling the public health authorities 
to effectively monitor and manage the potential 
risk of disease (Fig. 2). The main objectives of an 
enhanced surveillance system include the rapid 
testing, detection, and management of infected and 
suspected cases, contact tracing, implementation 
of effective control measures, the impact of the 
epidemic on healthcare systems, epidemiological 
trends of pathogenic organisms, and co-circulation 
of that pathogenic organism with other related 
pathogens [27]. The comprehensive national 

action plan for the management of viral respiratory 
diseases requires the adaptation and enforcement of 
national systems under the recommendations of the 
national health regulatory system of the country. 
Since the world has faced many respiratory viral 
outbreaks including influenza virus (H1N1, 
H7N9, and H10N8) [28], human adenovirus, and 
coronaviruses (SARS-CoV, MERS-CoV, and 
SARS-CoV-2) [29] various surveillance systems 
have been developed to monitor the respiratory viral 
outbreaks [30]. These systems include a web-based 
system, syndrome identification, and a system that 
obtains data from healthcare facilities. The Global 
Influenza Surveillance and Response System called 
Global Influenza Surveillance Network (GISN) was 
established in 1952 and is the classical example of 
global network surveillance of the disease that 
currently has 6 WHO Collaborating Centers and 
138 National Influenza Centers [31].  Figure 2 
shows the systems involved in the enhancement of 
valuable data on disease for the management and 
control of an outbreak. 

The enhanced surveillance system involves 
the collection of integrated data from primary 
care centers, hospitals, and diagnostic labs. The 
data collection of cases from private practitioners 
and residential facilities like an orphanage, 
daycare centers, and sports centers also need to 
be considered in the surveillance. Event-based 
surveillance and participatory surveillance can be 

Fig. 2. Enhanced surveillance system for rapid detection and management of viral outbreaks. 
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included in the enhanced surveillance system to 
determine the incidence of disease in a particular 
area. The collective data will then be analyzed and 
policies to control the outbreak can be made by 
governments easily, as it can give detailed accounts 
of the geographic locations and vulnerable groups. 
The policies should be based on the assessment 
of existing research, public communication 
capacity, and community understanding including 
demographics, socioeconomic status, literacy 
level, and ethnicity followed by coordination of 
different related departments. The policymakers 
then can construct an emergency plan that captures 
previously reported cases and develop plans to 
control the newly emerging cases.

Several global surveillance systems have 
been developed for predicting, monitoring, and 
determining possible threats of outbreaks to public 
health. This surveillance system includes Program 
for Monitoring Emerging Diseases (proMED), the 
CDC’s Global Disease Detection Network (GDD), 
WHO’s Global Outbreak Alert and Response 
Network (GOARN), U.S Department of Defense’s 
Global Emerging Infections Surveillance and 
Response System (GEIS), a joint network by 
WHO, World Organization for Animal Health 
(OIE) and Food and Agriculture Organization 
(FAO) of Global Early Warning System for Major 
Animal Diseases including zoonosis (GLEWS), 
and USAID’s Emerging Pandemic Threat Program 
(EPT) [31].
 
4.2.   Prompt Isolation after Diagnosis and 

Social Distancing  

If the patient is diagnosed with a respiratory 
infection caused by viruses, he/she needs to be 
isolated from other family members or hospital 
patients. The caretaker of the patients should follow 
the safety measures. Use of personal protective 
equipment (PPE) in the patient’s room and removal 
of PPE before leaving the room, and washing 
hands after providing care to the patients need to 
be ensured. Other members of the family and staff 
should monitor themselves daily for symptoms 
associated with that particular viral infection. It 
should be made sure other members suffering from 
the same symptoms are provided with medical care 
immediately to prevent the further spread of the 
disease.

The strategy for the isolation can be either 
centralized (imposition of the lockdown by 
governments), de-centralized (social distancing by 
removal of social networks), or hybrid (centralized 
and decentralized) both strategies. The results of 
the study conducted by Topîrceanu et al. show that 
the hybrid strategy (including both centralized and 
decentralized isolation policy) is the most effective 
isolation strategy in moderating the speedy spread of 
respiratory viral diseases (COVID-19) and has the 
potential to reduce the peak of incidence to <10% of 
initial values. The study also describes that stronger 
social distancing (75% cutting of social relations) 
can reduce the burden of an outbreak by 87% for 
hybrid (centralized and decentralized) strategy, 
75% for centralized, and 33% for decentralized 
isolation [32]. Wilasang et al. report a drop in the 
reproduction number of COVID-19 in the countries 
that employ prompt isolation after case detection 
policy [33]. 

Whenever there is an epidemic or outbreak 
of contagious diseases like COVID-19, Influenza, 
and other respiratory diseases, maintaining social 
distancing is a reliable method of controlling 
the infection. A safe distance should be kept and 
visits to infected persons should be restricted. 
A minimum social distance of about 1-2 meters 
should be maintained during physical contact 
[34]. Social distancing is one of the major factors 
in the prevention of transmission of respiratory 
viruses [35]. For example, if the persons who are 
asymptomatic carriers of a virus meet a couple of 
people and sit in the gatherings, they spread the 
virus more frequently as they sneeze or cough in 
the gatherings. Khataee et al. reported the effect of 
mitigating COVID-19 transmission due to social 
distancing and the imposition of the lockdown 
[36]. Several studies describe the reduction in the 
incidence of COVID-19 cases as a “flattening of 
the curve” due to social distancing [36, 37]. The 
ultimate goal of social distancing in the respiratory 
viral outbreak is to mitigate its effect by limiting 
the spread of the disease. The study conducted in 
Italy reported that the use of masks and observance 
of social distancing could reduce the potential 
transmission of COVID-19 by 1000 times [38]. 
Physical distancing measures were found to be more 
effective if a phased return to work is followed; it is 
predicted to reduce the median number of infections 
by >92% (IQR 66-97) and 24% (13-90) in mid-
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2020 and by the end of 2020 respectively [39]. 

4.3. Hand Hygienic Practices

In an epidemic of respiratory diseases, the WHO 
and CDC recommend washing hands regularly 
and sanitizing to prevent getting infected [40]. 
The enveloped viruses are highly susceptible to 
alcohol-based hand sanitizers as alcohol targets the 
lipids envelope of viruses but their efficacy reduces 
against non-enveloped viruses. The efficacy of 
the ethanol solution can be enhanced by adding 
acids to the ethanol solution against the viruses 
that are resistant to ethanol solution alone. For any 
contagious infection, hand washing with soap and 
water after contact with the potentially infected 
objects, surfaces or persons can effectively protect 
one and others from getting infected. The CDC in 
a recent pandemic of COVID-19 recommended 
hand-washing with soap and water for at least 20 
seconds frequently a day or the use of hand sanitizer 
having 60% alcohol [41]. 

4.4. Occupational Safety Measures 

Occupational safety measures by using PPE like 
medical masks, gloves, gowns, and eye protection 
are necessary to prevent transmission while 
working with the pathogen or dealing with the 
infected person. Improper occupational safety 
measures can result in a large number of hospital-
acquired infections. Vaccination of healthcare 
workers is of utmost priority in reducing hospital-
acquired infections and disease burden, as these 
workers are at higher risk of acquiring infections 
[42]. Nosocomial infection during an outbreak 
or epidemic is a major threat to hospital staff and 
hospitalized patients. Horcajada et al. reported the 
nosocomial outbreak of the Influenza A virus in a 
period without an Influenza outbreak concluding 
that the hospital setting and improper safety 
measures could spread the infection to other healthy 
individuals [43]. Several studies reported the 
transmission of COVID-19 in the hospital setting 
due to a lack of occupational safety measures 
[44]. Schwierzeck et al. report about forty-eight 
COVID-19 cases in its nosocomial outbreak [45].
 
4.5. Vaccination

Vaccination provides immunity to the individual and 

is one of the key parameters in the control of viral 
epidemics. The specific group of the population in 
a specific season may be targeted depending on the 
national vaccination program, access to vaccination, 
and effectiveness of the vaccine [46].

For a respiratory virus like the influenza 
virus, three types of vaccines are available; live 
attenuated influenza vaccine, inactivated influenza 
vaccine, and recombinant vaccine. Conventionally, 
live attenuated and inactivated influenza vaccines 
have been produced to protect against three 
different types of influenza virus (trivalent 
vaccine). The trivalent vaccine contains one of 
the two influenza B lineage viruses, Influenza A 
(H1N1) and Influenza A (H3N2) [47]. As trivalent 
vaccines contain only one influenza B lineage 
strain, the seasonal vaccines were improved by 
including both lineage strains of influenza B. Thus, 
resulting quadrivalent influenza vaccines respond 
more effectively in controlling the global influenza 
epidemiology [48]. Most influenza vaccine elicits 
an immune response against viral surface proteins 
including neuraminidase and hemagglutinin but 
influenza vaccines need to be updated regularly due 
to antigenic drift in surface proteins [49].  For other 
respiratory viruses like rhinovirus, effective vaccine 
development is challenging for scientists, as they 
have many serotypes and there is little or no cross-
protection between their serotypes [50, 51]. The 
development of a vaccine against the respiratory 
syncytial virus (RSV) has also faced challenges 
like the enhancement of vaccine-induced disease in 
infants. Efforts are being made to develop effective 
vaccines against RSV that elicit age- age-appropriate 
immune responses in the target population [52, 
53].  Due to the effectiveness of the vaccine like 
smallpox vaccines and polio vaccines, the world is 
now relying on the vaccination program to control 
the recent pandemic of COVID-19 and the struggle 
for vaccine development started immediately with 
its spread. The current most important and widely 
used vaccines to control respiratory viral infections 
are summarized in Table 2.

4.6. Treatment and Biochemical Prevention

Biochemical prevention is an alternative approach 
to antiviral drugs and vaccines, used for the control 
of viral infection when vaccines or drugs cannot 
be generated or are ineffective for the control of 
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viral infections [54]. The most successful approach 
for treating respiratory syncytial virus infection 
has been the use of anti-viral antibodies relying 
on biochemical prevention. In 1996, RespiGam™ 
globulin (REV-IG) was offered for use in children 
aged < 2 years and was found to be an effective 
way to control respiratory diseases caused by the 
respiratory syncytial virus (RSV) [55]. Similarly, 
Palivizumab serves as primary medical care for 
RSV prevention and is shown to reduce the infection 
risk by 55% in infants [56]. 

Human rhinovirus causes more than 80% of 
the common cold infections during the winter 
season and developing a vaccine against these 
viruses is unfeasible due to 115 antigenic-ally 
different serotypes [54]. In rhinovirus infection, 
around 90% of human rhinovirus serotypes use a 
receptor called ICAM-1 for the attachment of the 
virus and their subsequent entry. Administration of 
soluble monoclonal antibodies against  ICAM-1 in 
clinical trials has shown a decrease in the severity 
of symptoms of the disease but cannot prevent the 
occurrence of the disease completely [57]. The 
randomized control trials of combination therapy 
of Bamlanivimab and Etesevimab have shown the 
reduction of viral load of SARS-CoV-2 on the 11th 
day in patients with mild to moderate COVID-19 
infection [58].

5.	 MEASURES IN MANAGING 
AND CONTROLLING 
GASTROINTESTINAL VIRAL 
OUTBREAKS 

The first epidemiological investigation for the 
disease transmitted via the fecal-oral route was 
performed by John Snow in 1848-54 and reported 
the association between drinking water and deaths 
due to cholera. He compared the mortality rate due 
to cholera in the Soho district with different water 
supplies and revealed that the mortality rate was 
higher among the people who drink water supplied 
by Southway Company [72]. He concluded that 
cholera was spread by contaminated water through 
fecal-oral routes [73]. 

The gastrointestinal tract is the susceptible 
organ to infection, which comes in contact with 
pathogenic microorganisms, mainly via the oral-
fecal route. Gastrointestinal infections range from 
mild to more severe forms of inflammation or may 
cause direct damage to the epithelial lining of the 
gastrointestinal tract resulting in nausea, vomiting, 
and diarrhea. Gastroenteritis is responsible for 
2-3 million deaths each year [74]. Children in 
developing countries and immune-compromised 
individuals mostly suffer from viral gastroenteritis 
[75]. The viruses including rotavirus, norovirus, 
and Hepatitis A virus enter via the fecal-oral route 

Table 2. Treatment and vaccination for respiratory diseases caused by viruses.
Pathogen Vaccine type (Commercial names) Treatment Reference 
Influenza A virus Inactivated vaccine (Fluzone Quadrivalent, 

Vaxigrip Tetra, Afluria Quandrivalent) 
Quadrivalent Recombinant vaccine (Flublok 
Quadrivalent) 

Oseltamivir, Zinamivir, Baloxavir, 
Amantadine, and Rimantadine

[59-61]

Respiratory 
syncytial virus

No approved vaccine Palivizumab and Ribavirin [62]

Measles virus Live attenuated vaccine (Measles-mumps-
rubella vaccine)

Ribavirin, Vitamin A, Ibuprofen [63, 64]

Mumps virus Live attenuated vaccine (Measles-mumps-
rubella vaccine)

No specific antiviral drugs, 
acetaminophen, and Ibuprofen 
used to ease symptoms 

[65]

Adenovirus Live oral adenoviral vaccine type 4 and 7 
(for military personnel only)

Brincidofovir [66, 67]

Rhinovirus No approved vaccine No specific treatment [68]
SARS-CoV-2 mRNA-based vaccine (Pfizer-bioNtech, 

Moderna), Viral vector vaccine 
(AstraZeneca, Sputnik V), Inactivated 
vaccine (Sinovac, Sinopharm), Protein 
subunit vaccine (Novavax)

Remdesivir, Paxlovid, 
Molnupiravir, Dexamethasone, 
and other supportive care 

[69-71]
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in contaminated water and food causing a large 
number of infections worldwide. These viruses after 
entry, replicate in the cells of the gastrointestinal 
tract and cause gastroenteritis. Viruses pathogenic 
to humans had already been described since 1901, 
but the viral gastroenteritis caused by norovirus was 
first identified in 1972 in the outbreak of diarrhea in 
Norwalk, US [76]. After the discovery of Norovirus, 
several other gastroenteritis-causing viruses were 
identified and are summarized in Table 1 with their 
epidemic history. 

The prevention of outbreaks of gastrointestinal 
viruses has been challenging because the outbreaks 
that start with a single common exposure to 
contaminated water or food can rapidly spread in 
a community due to similar food or water sources. 
Investigating and tracking the outbreak requires 
the isolation of the virus from secondary cases in 
which the transmission route might be different 
from the primary one. Knowledge about the chain 
of disease transmission to common exposure like 
contaminated food, water, or oysters can identify 
the associated virus [77]. Sequencing the virus in 
a specific epidemic can identify the specific strain 
of the virus that is linked with the outbreaks, 
monitoring its evolution and spread could help the 
public health worker to establish the policy against 
that particular strain [78]
  
5.1. Sanitation and Hygienic Practices  

Many of the viral outbreaks can be prevented by 
a proper sanitation system that does not have any 
source of food or water contamination by human 
or animal feces. Preventing the secondary spread 
of the gastrointestinal virus via contaminated 
environmental surfaces such as cruise ships, 
hospital wards, canteens, person-to-person contact, 
etc. can stop the chain of the outbreak. Enforcing 
public hygienic practices including not allowing 
ill food handlers to remain on the job until clear 
the infection and strict personal hygiene for food 
handlers can prevent the spread of the disease [79]. 
A study conducted by Belliot et al. demonstrated 
the in vitro inactivation of infectious norovirus 
by ethanol and isopropanol in mice infected with 
norovirus [80].

5.2. Laboratory Detection  

A rapid detection system by the public health 

department should be launched as soon as there is a 
cluster of cases observed in a specific region. Assays 
that can detect the presence of gastrointestinal 
viruses in contaminated water and food need to 
be prepared and adapted for routine screening 
of water and food [81]. Considerable efforts by 
governments and healthcare departments need to 
update the conventional approaches to identify 
infectious agents and development of methods for 
the detection, identification, and elimination of 
viruses from contaminated sources to prevent large 
epidemics [82].

5.3. Vaccination and Treatment  

Effective vaccines against some of the enteric viruses 
have been developed and their use reduces the 
large outbreaks and epidemics worldwide. Rotarix 
vaccine, first licensed in 2004, has effectively 
prevented the infection from Rotavirus and is used 
across 123 countries [83]. Poliomyelitis, a crippling 
disease that results from infection with any of the 3 
related poliovirus types can be prevented by using 
one of the two types of vaccines such as inactivated 
polio vaccine and oral polio vaccine. The use of the 
polio vaccine effectively eradicated viruses from all 
around the world except Afghanistan and Pakistan, 
where wild-type polio cases are being reported. The 
treatment and vaccination against enteric viruses 
are described in Table 3.   

6.	 VECTOR-BORNE VIRUSES  

Arthropods are considered the main vector that 
transmit pathogens from reservoirs to hosts or 
from one host to another. Arthropods are capable 
of transmitting the disease in two ways. Firstly by 
mechanical vectors in which the passive transport of 
pathogens on the arthropod’s body or feet occurs and 
when the insects make contact with food, capable 
of transmitting the pathogen to food that another 
host can consume and become infected. The second 
method of transmission is biological transmission 
which is an active process. In biological vectors, 
the arthropod bites an infected animal or person 
taking a meal along with a potential pathogen. The 
pathogen reproduces in the vector’s gut and will 
ultimately migrate to salivary glands. The vector is 
thus capable of injecting the pathogen in healthy 
individuals by biting or taking a blood meal [90]. 
The most endemic and common viral vector-borne 
diseases include Dengue, Chikungunya, Zika, 
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Yellow fever, Japanese encephalitis, Rift Valley 
fever, tick-borne encephalitis, West Nile, and 
Crimean Congo hemorrhagic fever. The common 
vectors for Dengue and Chikungunya are Aedes 
aegypti and Aedes albopictus mosquitoes while the 
Culex mosquito transmits the West Nile virus from 
one individual (infected) to another (healthy) [91]. 
Rabies is transmitted by an animal host like dogs, 
raccoons, cats, foxes, and skunks to humans and the 
Crimean Congo hemorrhagic virus is a tick-borne 
disease transmitted to humans by Hyalomma tick 
[92, 93].

6.1.   Mechanical Control Measures for Vector-
Borne Outbreaks

Mechanical control measures have been adopted 
and practiced for centuries in several countries 
since they are cost-effective and easy methods for 
the control of vectors like mosquitos and ticks. 
Mechanical control measures involve the removal 
of unwanted stored water and the covering of 
water-containing utensils, as these are the primary 
sites of mosquito breeding [94]. Streets, buildings, 
and housing units must be properly cleaned. 
Wearing long-sleeved shirts and trousers and use 
of arthropod repellents on exposed skin can protect 
from being bitten by mosquitos, ticks, or sandflies. 
Installation of window screens at workplaces and 
homes can keep mosquitos outside, therefore 
reducing the risk of exposure. In tick-infested areas 
luggage, clothing, and other belongings should be 
examined carefully to remove any ticks. If tick-
infested on the skin, it should be removed from the 
skin using tweezers, and applying disinfectant at 
the surface can reduce the risk of transmission of 
pathogens [95].

6.2.  Chemical Control Measures for Vector-
Borne Outbreaks  

Chemical control measures include the use of 
chemicals like organochloride, pyrethroids, 
thiacloprid, and organophosphorus that primarily 
target the nervous system of the vector [96]. The 
use of fogging and spraying with insecticides has 
been adopted in outdoor environments to control 
the vector’s population. Repellents like N, and 
N-Diethyl-meta-toluamide (DEET) need to be used 
in households to prevent mosquito irritation at home. 
Rodriguez et al. compared the efficacy of different 
mosquito repellent sprays and reported the highest 
efficacy of DEET and p-methane-3,8-diol against 
mosquitos [97]. A similar study reported that insect 
growth regulators (IGRs) like Pyriproxyfen are 
effective in reducing the immature Aedes population 
[98]. An essential approach for managing arbovirus 
outbreaks, such as dengue involves the utilization 
of synthetic pesticides that rapidly eliminate adult 
vectors through space spraying [99]. Most of the 
insecticides that are advised belong to the pyrethroid 
chemical class. However, this poses difficulties in 
preventing the selection of mosquito populations 
that are susceptible to these insecticides, as well 
as controlling mosquitoes that are resistant to 
pyrethroids [100]. When it comes to managing the 
population of arbovirus vectors, particularly A. 
aegypti, controlling the larvae has been suggested 
and put into practice as the main technique which 
involves using chemical and microbial larvicides, 
and IRGs.  

Besides traditional repellents, spatial repellents 
are specifically created to emit volatile chemicals 
into a given area, to alter insect behavior to 
minimize interaction between insects and humans, 

Table 3. Treatment and vaccination for gastrointestinal infections caused by viruses.
Pathogen Vaccine type (Commercial name) Treatment References
Rotavirus Live attenuated vaccine (Rotarix, Rotateq) Antidiarrheal,

Antiemetic,
Thiazolides

[84, 85]

Norovirus No approved vaccine (P particle and virus-like particle-
based vaccine under clinical trials)

Interferon alpha [86]

Hepatitis A Inactivated vaccine Avaxim, Biovac A, Havrix) Acetaminophen, 
Paracetamol

[87, 88]

Poliovirus Live attenuated oral polio vaccine (OPV, Orimune, 
Sabin)
Inactivated polio vaccine (Salk vaccine)

Pain relievers, Ventilators, 
and supportive care

[89]

12	 Ejaz et al. (2024)



therefore reducing the transmission of pathogens 
[101]. The spatial repellent product category is 
now under Stage 3 of the Vector Control Advisory 
Group (VCAG) assessment method, where it is 
being evaluated for proof-of-principle efficacy 
through clinical trials [102].

6.3.   Biological Control Measures for Vector- 
Borne Outbreaks 

The alternative approaches of chemical use against 
mosquitoes have been exploited by using biocontrol 
agents like bacteria, fungi, and plants against the 
growth and propagation of the mosquito population. 
In 1976, Bacillus thuringiensis (Bt) was isolated and 
characterized to be toxic against mosquito larvae. 
Since then, Bt-based insecticides have spread to 
the global market. Bt-based insecticides are target-
specific and produce specific delta-endotoxin by 
the time of sporulation that is toxic to mosquito 
larvae and other related flies [103]. Sterile insect 
techniques and incompatible insect techniques can 
be used to control the population of mosquitos. 
Sterile insect techniques involve the release of 
sterile mosquitos in a wild environment, these sterile 
mosquitos compete with other wild mosquitos to 
mate with females. The mating of sterile males and 
females does not produce offspring, reducing the 
population of the next generation. The incompatible 
insect technique involves the mating of Wolbachia-
infected males and wild-type females that cannot 
produce offspring [104]. Incompatible insect 
techniques using intracellular bacteria Wolbachia 
have also been used as bio-pesticides to control the 
population of mosquitoes [105]. The Wolbachia 

method is an innovative and self-sustaining strategy 
for the biological management of Aedes-borne 
diseases. It involves genetically modifying Kales 
aegypti mosquitoes by introducing the Wolbachia 
bacterium into their cells, resulting in a decreased 
ability to transmit diseases [106]. Pinto et al. 
reported that the intervention of Wolbachia (wMel 
strain) was related to a reduction of 37%, 56%, and 
69% in the incidence of Zika virus, chikungunya 
virus, and dengue virus, respectively [107].  

Moreover, biological mosquito larvae control 
also involves strategies to augment the effectiveness 
of natural adversaries by adding bio-control agents 
such as fishes (Gambusia spp)and copepods, or 
by facilitating the colonization of isolated water 
bodies by natural predators through the excavation 
of connecting ditches [108]. The predatory native 
copepods (Macrocyclops albidus) can be cultivated 
and transferred into artificial containers. Once 
introduced, they proliferate and effectively decrease 
the population of mosquito larvae and have proven 
strong efficacy against Aedes mosquitoes, but only 
moderate efficacy against Culex species [109].  
Similarly, fungal species like  Beauveria bassiana 
and Metarhizium anisopliae have biocontrol 
properties against mosquitoes [110].

The treatment and vaccination strategies have 
also been developed for vector-borne diseases 
due to viruses and are listed in Table 4. The live 
attenuated vaccine called Dengvaxia and the 
Yellow fever virus vaccine have been approved 
and are used worldwide to prevent the spread of 
Dengue and YFV infections respectively [111, 

Table 4. Treatment and vaccination for common vector-borne diseases caused by viruses.
Pathogen Vaccine type (Commercial name) Treatment References 
Dengue Virus Live attenuated vaccine (Dengvaxia) Chloroquine, Corticoste-

roids, and Iminosugars 
[111, 114, 
115]

West Nile Virus No approved vaccine (Live attenuated chi-
meric vaccine ‘ChimeriVax-WN02” under 
clinical trials)

Interferon alpha and Favipi-
ravir 

[116, 117]

Yellow fever Virus Live attenuated yellow fever virus vaccine 
(YF-VAX®)

Ribavirin, Pyrazoline com-
pounds, Tiazofurin, Inter-
feron, and Carboxamide, 

[112, 118]

Chikungunya Virus No approved vaccine Ribavirin,

Anti-rheumatic drugs 
(DMARDs) and Non-steroid 
anti-inflammatory drugs 
(NSAIDs) 

[113, 119]

Nipah Virus No approved vaccine Ribavirin, Supportive care  [120]
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112]. The treatment strategies to prevent the 
Chikungunya virus (CHIKV) and Dengue virus 
(DENV) infections involve fluid balance along 
with other supportive care like NSAIDs for CHIKV 
and corticosteroids respectively [113, 114].

7.	 APPROACHES IN CONTROL OF 
BLOOD-BORNE VIRAL OUTBREAKS  

Blood-borne viruses such as Human 
Immunodeficiency Virus (HIV), Hepatitis B virus, 
and Hepatitis C virus are considered a major public 
health threat, responsible for millions of deaths 
annually. It was estimated that in 2014, about 1.2 
million infected individuals died of HIV with about 
⁓40  million individuals being infected chronically 
worldwide [121]. Infections caused by HBV, HCV, 
or HEV can cause hepatitis that subsequently 
leads to liver cirrhosis, fibrosis, and hepatocellular 
carcinoma. It is estimated that 240 million people 
are chronically infected with HBV with ⁓780,000 
annual deaths. The risk of developing chronic 
infections varies with the age of the individual 
infected. About 90% of toddlers and 25-50% of 
children aged 1-5 years can remain chronically 
infected with the Hepatitis B virus, however, 
approximately 95% of adults can eliminate the 
viral infection [122]. HCV infections account for 
58 million people with chronic infections and 1.5 
million new cases per annum worldwide [123].  
The major route of transmission of blood-borne 
viruses involves the parenteral routes via blood and 
other body fluids.

Prime prevention strives to avoid the 
occurrence of infection by decreasing the risk 
factor in uninfected individuals. It involves the 
strategies that are useful before the disease or 
infection. Primary interventions or prevention 
involve a reduction in viral exposure, prophylaxis, 
and vaccination, awareness about the disease, 
disinfection, safety of blood products, and good 
hygienic practices. Secondary prevention strategies 
involve the surveillance and identification of 
infected individuals and the treatment of infected 
individuals with appropriate medical drugs 

7.1.  Awareness of Disease

Successful prevention of viral diseases requires the 
awareness of infected people about the transmission 

and spread of the disease as well as complete 
awareness among society and healthcare experts. 
Public campaigns and educating people about the 
disease can reduce the risk of the spread of the disease 
if they start adopting the prevention strategies or 
guidelines by health care professionals [124]. 
Wide-ranging and frequent education of healthcare 
professionals is the precondition and increasing 
awareness about care, prevention, and treatment on 
World Disease Day like 28th July as World Hepatitis 
Day, and 1st December as World AIDS can enhance 
the knowledge and expertise of social and medical 
professionals. The updated guidelines by the World 
Health Organization (WHO) and the Center for 
Disease Control and Prevention (CDC) need to be 
followed and implemented by every country that is 
at risk of acquiring the epidemic or outbreak of a 
particular viral infection [125, 126]. 

7.2.  Screening of Blood and Blood Products  

Since the last decade, the screening of blood 
products has significantly reduced the burden of 
blood-borne diseases around the globe. Nucleic 
acid amplification tests such as polymerase chain 
reaction (PCR), enzyme-linked immunosorbent 
assay ELISA, and rapid diagnostic tests such as 
lateral flow assay have been successfully developed 
for the detection of HBV, HCV, and HIV, thus 
reducing the risk of transmission in transfusion of 
blood and blood products to healthy individuals 
[127]. 

7.3.  Biosafety and Hygienic Practices  

Good microbiological practices, hygienic practices, 
and disinfection of possible contaminated sources 
can help in reducing viral transmission. To 
prevent occupational transmission, prevention, 
and control measures involve the implementation 
of standard primary barriers including personal 
protective equipment (gloves, eyewear, gowns, 
etc.), minimal manipulation of sharp instruments 
(needles, surgical blades), and discarding of sharp 
instruments into the proper leak-proof container 
after experiments. Furthermore, the sterilization 
of dental and medical equipment in addition to the 
disinfection of contaminated surfaces can reduce 
the spread of disease. The non-sterile setting and 
contaminated instruments in tattoo and piercing can 
increase the risk of transmission of the virus [128]. 
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Sexual transmission can be a key risk factor and 
preventive measures have been applied to reduce 
the spread of viruses. Behavioral interpolations like 
the use of condoms have revealed a reduction in the 
incidence of HBV, HCV, and HIV [129]. Moreover, 
medical male circumcision has shown a reduction in 
transmission of HIV by the venereal route and new 
interference including rectal and vaginal micro-
biocides are under development to reduce the risk 
of transmission [130, 131]. Intravenous drug use 
is another major risk factor for the transmission 
of blood-borne diseases, due to sharing of virus-
contaminated syringes and their preparation 
environment. The use of harm reduction measures 
like opiate substitution therapy and needle/syringe 
programs (NSP) effectively reduce the risk of viral 
transmission and hence prevent further spread 
[132]. 

7.4.  Prophylaxis 

In some cases, prophylaxis can be achieved either 
due to pre-exposure (PrEP) or post-exposure (PEP) 
to the virus. Pre and post-exposure prophylaxis 
have shown promising results in controlling viral 
transmission in certain risk groups. Pre-exposure 
prophylaxis is the administration of antivirals to 
the possible viral exposures of an individual.  Pre-
exposure prophylaxis has shown a reduction in the 
occurrence of HIV infections in individuals which 
is also recommended by CDC [133]. Post-exposure 
prophylaxis (PEP) is the immediate intervention with 
antivirals after exposure to the potential pathogen 
to prevent the infection. It is recommended to use 
post-exposure prophylaxis immediately following 
high-risk practices like sex with HIV-infected 
individuals, needle stick injury during processing of 
infected blood, and intravenous drug use. For HIV, 
post-exposure prophylaxis should be no later than 
48-72 hours [134]. Several studies have reported 
the use of antiretroviral therapy in anticipation of 
potential infection by HIV either as pre-exposure 
prophylaxis in high-risk factor exposure or as post-
exposure prophylaxis [135]. Oral pre-exposure 
prophylaxis like tenofovir disproxil fumarate/
emtricitabine has shown great potential against HIV 
infections [136]. The administration of zidovudine 
has been reported to be effective prophylaxis in 
mothers and newborns, resulting in the reduction 
of perinatal transmission of HIV [137]. Similarly, 
acyclovir is used to prevent the dissemination of 

the Herpes simplex virus and Varicella zoster virus 
in immunocompromised and immunologically 
normal individuals [138, 139]. Oral valganciclovir 
is an effective oral regimen used as universal 
prophylaxis to prevent cytomegaloviral infections 
after lung transplantation [140]. Ganciclovir 
also serves as a prophylactic antiviral that could 
effectively suppress the dissemination of CMV 
after engraftment [141]. Similarly, post-exposure 
prophylaxis is also significant in preventing lethal 
infections. WHO recommends the administration 
of two doses of immunoglobulin and three doses of 
HBV vaccine as PEP [142].
 
7.5.  Vaccination 

Effective vaccination programs for the public 
contribute efficiently to the eradication and 
prevention of viral outbreaks. The safe and 
effective vaccine against the Hepatitis B virus has 
been available since late 1982 and vaccination 
programs have successfully been implemented in 
47 European countries with good results [143]. 
The Recombivax vaccine is highly effective in 
preventing HBV infection in individuals who are 
frequently exposed to blood and other body fluids 
such as health care professionals and patients 
receiving dialysis or multiple transfusions [144]. 
The enforcement of stringent vaccination programs 
has resulted in a global decline in the occurrence of 
this disease. However, this may have also triggered 
the creation of viral variants that are capable of 
evading the immunity provided by the hepatitis 
B surface antibody [145]. Due to the increase in 
escape mutagens, the concern for transmission 
of these variants is on the rise even in vaccinated 
individuals [146]. Therefore, there is a need for an 
active surveillance system and the introduction of 
novel vaccination strategies such as combination 
vaccines (multi-epitope/ subunit) and therapeutic 
vaccination [147, 148]. 

For other blood-borne viruses like HCV, HDV, 
HEV, and HIV, the vaccine is not available and is 
in the process of developing to reduce the disease 
burden of blood-borne infection worldwide.  

7.6.  Treatment 

Antiviral therapeutics prevent transmission by either 
reducing the viral load or by decreasing the number 
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of infected persons in the population. Combination 
therapy is used to treat AIDS patients by using 
highly active antiretroviral therapy (HAART), in 
which a cocktail of drugs like nucleoside reverse 
transcriptase inhibitors (NRTIs), non-nucleoside 
reverse transcriptase inhibitors  (NNRTIs), 
protease inhibitors  (PIs), integrase strand transfer 
inhibitors  (INSTIs), Fusion inhibitors  (FIs), and 
chemokine receptor antagonists (CCR5 antagonist) 
were used for limiting multiplication of HIV [149].  
Some of the notorious viruses transmitted via 
blood or other body fluids with their treatments and 
vaccination are listed in Table 5. 

8.	 ZOONOTIC VIRAL DISEASES AND 
STRATEGIES TO CONTROL VIRAL 
OUTBREAKS

Zoonotic diseases are naturally transmitted from 
animals to humans, with or without an intermediate 
arthropod host. It is reported that approximately 
75% of the newly emerged human infectious 
diseases are zoonotic [112]. Due to the increased 
interdependence of humans on animals and their 
products and the close association between them, 
the newly emerged and reemerged zoonotic viral 
diseases have increased over the last three decades. 
Zoonoses are thus considered one of the critical risk 
factors for human health and infectious disease. The 
eradication programs for the control of zoonotic-
borne viral diseases are majorly focused on breaking 
the transmission chain in which three controlling 
factors are involved including neutralization of 
reservoirs, decreasing the potential contact between 
reservoirs and susceptible hosts, and increasing the 
host resistance [154].

The neutralization of the reservoir involves 
preventing the spread of viral infections by 

removing the infected or susceptible animals 
from the reservoir or by manipulating the habitat 
of reservoirs. The removal of infected individuals 
can be achieved by employing vaccination, mass 
therapy, or the testing and slaughter of infected 
animals. For example, arboviral infections are 
endemic in wildlife reservoirs, the control strategies 
should be based on vector control, limiting direct 
animal contact, and mass vaccination of people 
and domestic animals [155]. The cross-species 
transmission of viral diseases from animals to 
humans is common as seen in different cases like 
cross-species transmission of H7N9 influenza 
virus from poultry, rabies virus from infected cats, 
dogs, or wild animals, potential transmission of 
COVID-19 from wildlife, swine flu from infected 
pigs, and Nipah virus from fruit bats [156]. The 
decrease in potential contact between reservoirs 
and susceptible hosts by prohibiting the eating 
and transport of wildlife animals can prevent these 
transmissions. Increasing host resistance can also 
reduce the burden of zoonotic-borne viral diseases 
and it could be achieved by herd immunization, such 
as that which happened with rabies immunization 
of dogs. 

Besides the close contact between humans 
and animals, other factors also contribute to cross-
species transmission of infectious agents. So, it 
is critical to establish effective mechanisms for 
collaboration and coordination between animal, 
human, and environmental health sectors before 
the emergence of another threat like COVID-19 
by bringing different sectors together to cope 
with endemic zoonotic viral diseases of public 
health concerns. For the prevention and control 
of zoonotic diseases, researchers and international 
organizations have adopted a concept called the 
One Health concept. The concept describes the 

Table 5. Treatment and vaccination for blood-borne diseases caused by viruses.

Pathogen Vaccination 
(Commercial name) Treatment References 

Hepatitis B virus Subunit vaccine 
(Recombivax, 
Engerix-B) 

Pegylated interferon,  
Nucleotide analogs (Tenofovir, Adefovir) and 
Nucleoside analogues (Entecavir, Lamivudine, 
Telbivudine,) 

[150, 151]

Hepatitis C virus No vaccine available Protease inhibitors (Boceprevir, Telaprevir, 
Daclatasvir), 
Nucleotide analog (Sofosbuvir), Ribavirin, and 
Pegylated interferon 

[152]

HIV No vaccine available Highly active antiretroviral therapy (HAART) [153]
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relationship among animals, humans, and the 
environment. It encourages collaborations among 
veterinarians, microbiologists, wildlife biologists, 
biomedical engineers, physicians, ecologists, and 
agriculturists to cope with global health challenges 
and to ensure good health for humans, animals, and 
environment [157]. The multi-sector partnerships 
should start with the identification of priority 
zoonotic-borne viral diseases, improvements in 
surveillance and data sharing among these sectors, 
enhancement of laboratory diagnosis and outbreak 
response capacities, and research for the preparation 
of vaccines and medicine for the management of 
the disease [154].

9.	 APPRAISAL AND FUTURE 
PERSPECTIVES 

A combination of traditional and latest strategies 
to combat the challenge of viral epidemics and 
associated risks to human life has helped reduce the 
global burden of viral diseases, nevertheless, still 
far from achieving significant success. Diagnostic 
capabilities, surveillance, and monitoring systems, 
as well as forecasting systems, are poor in many 
developing countries, while the availability of 
adequate healthcare facilities including vaccination 
remains a serious challenge in such communities. 
An infrastructure improvement has been witnessed 
in the case of COVID-19, nevertheless, they still 
need to go a long way.

Standard hygienic practices may control water 
and foodborne viral illnesses. Developed countries 
have been successful in reducing the burden of viral 
enteric illnesses by improving sanitary and hygienic 
conditions. Little success has been achieved in 
developing countries where the provision of clean 
water is one of the biggest challenges. Improved 
sanitary and hygiene standards, as well as clean 
drinking water, may greatly reduce the morbidity 
and mortality of viral diseases. The mass media 
campaign has been witnessed in the response 
to COVID-19 across the globe with fruitful 
outcomes. Public awareness about viral diseases 
and preparedness to respond to epidemic situations 
remain better established in the industrialized world 
as compared to poor nations. Future efforts need to 
be directed at public awareness at the individual 
level in electronic and print media, schools, 
social media, etc. Social distancing and the use of 
appropriate personal protective equipment should 

be encouraged to be practiced in public places, 
schools, workplaces, etc. 

Vaccines have saved millions of lives from the 
most significant viral diseases of humans such as 
smallpox, polio, measles, hepatitis B, rotavirus, 
influenza virus infections, yellow fever, etc. 
The current COVID-19 pandemic has reiterated 
the dire need for technological advancements 
in vaccine development capabilities to rapidly 
respond to such global threats that humans may 
face at any time. Traditional methods of vaccine 
development are safer and more effective but are 
time-consuming and require prolonged protocols 
that may be further improved by incorporating the 
cutting-edge techniques of molecular medicine and 
computational biology. Currently used vaccines 
against COVID-19 are employing both classic 
techniques of vaccine development as well as 
modern vaccines like recombinant protein-based 
vaccines, adenovirus-based vaccines, and mRNA-
based vaccines. Mass vaccination with COVID-19 
vaccines has helped reduce the prevalence of 
cases. Nevertheless, continuous surveillance and 
monitoring of their safety and efficacy are required. 
To date, 10 vaccines developed by different 
companies have been approved by WHO. 

Similarly, the management of zoonotic disease 
may also require the vaccination of animals, which 
is a serious economic challenge, especially when it 
comes to vaccinating wild animals or small animals 
like bats. Unfortunately, vaccinating masses of 
such animals as bats by spraying or aerosols is 
not possible. Nevertheless, improved vaccination 
strategies for humans, animals, and poultry may 
be considered by both developing and developed 
countries.   Tremendous efforts have been made to 
develop antiviral drugs and a number of antiviral 
drugs are available in the market. Nonetheless, the 
treatment of viral diseases using antiviral drugs has 
been a challenge. So, advances in the research of 
antiviral drugs are required to treat the reemerged 
and emerging viral diseases.

There is a need for the establishment of a global 
consortium to combat such global threats that 
may emerge in any part of the world. No country 
can fight this war alone without utilizing the 
experiences of other institutions across the world. 
Despite massive efforts by global stakeholders in 
the past, eradication of viral diseases has always 
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been a nightmare. Still, many viral diseases 
including COVID-19, AIDS, dengue fever, 
yellow fever, Crieamen Congo hemorrhagic fever, 
hepatitis, influenza, measles, etc. cost millions of 
lives globally. Global, integrated networks need to 
be established/ strengthened with the ultimate goal 
of control and prevention of such diseases. Lessons 
learned in different countries may be utilized by 
people working in other countries. 

Moreover, besides traditional approaches, 
certain modern media tools like digital twins can 
play a significant role in combating viral outbreaks 
by improving monitoring, reaction capabilities, and 
predictions [158]. Digital twins have the capability to 
replicate the transmission of epidemics through the 
creation of virtual representations of the impacted 
population. These models take into account several 
elements including mobility, interactions, and 
healthcare infrastructure [159]. Digital twins have 
the ability to accurately reproduce and continuously 
monitor the current condition of healthcare 
facilities, equipment, and resources in real time. 
This aids in the identification of regions that may 
experience overwhelming conditions or require 
supplementary assistance during an outbreak. These 
solutions offer a comprehensive perspective on the 
changing situation by combining data from several 
sources, including wearable devices, IoT sensors, 
and healthcare records. Predictive analytics, 
enabled by digital twins helps in predicting the path 
of an epidemic, allowing authorities to make well-
informed decisions on the allocation of resources 
and implementation of preventive measures. 
Furthermore, digital twins can also amalgamate 
data from many sources including social media, 
healthcare records, and geographic information 
systems (GIS) to offer a holistic perspective on the 
effect and dissemination of the pandemic [160]. 

10.	 CONCLUSIONS

Pandemics are the consequence of viral outbreaks 
and epidemics that have expanded across 
international borders. It is necessary to implement 
effective preventive measures to restrict the 
disease’s spread to a greater number of communities 
to reduce morbidity and mortality, as well as the 
community’s social and economic burden. Besides 
medical interventions, the primary strategy involved 
in controlling an outbreak is to break the chain of 
infection by implementing control measures against 

the risk factors. The route of transmission of viruses 
is important in developing preventive measures. 
For instance, the transmission of respiratory viruses 
could be prevented by isolation, social distancing, 
and hand hygiene practices. Similarly, vector-
borne viral infection could be prevented by using 
effective strategies to control the spread of vectors 
like mosquitos, ticks, and mites. Gastrointestinal 
infection and blood-borne infections caused by 
viruses could be prevented by proper hygienic 
practices and screening of blood products before 
transfusion respectively. There is an urgent need 
for the implementation of these kinds of strategies 
to minimize the lethal effects of viral outbreaks, 
especially in developing countries where the 
emergence and re-emergence of viral load are high. 
To provide a more thorough understanding of issues 
and potential solutions, the complexity of health 
and environmental difficulties needs to be assessed 
in an integrated and holistic manner. It’s crucial 
to make coordinated efforts in the paradigm shift 
away from silo-based health systems and toward 
the One Health concept. The One Health approach 
should be used by decision-makers responsible for 
disease prevention and control in order to plan for 
and prevent illness, hospitalization, death, and the 
financial burden associated with disease epidemics. 
An early warning system to prevent epidemics is 
typically put into place right away in any public 
health disaster. Response networks cooperate with 
institutions and networks to pool their technical and 
human resources to combat outbreaks, such as the 
Global Outbreak Alert and Response Network. In a 
quickly changing environment with little or biased 
information available, the crucial choice to launch a 
disease response is frequently reactive and urgently 
required. The data in traditional surveillance 
systems are updated often. However, these systems 
are retrospective and delayed by nature, which limits 
their usefulness for rapid response to epidemics.

11.	 CONFLICT OF INTEREST 

The authors declared no conflict of interest.

12.	 REFERENCES

1.	 J.D. Chappell, and T.S. Dermody. Biology of viruses 
and viral diseases. Mandell, Douglas, and Bennett’s 
Principles and Practice of Infectious Diseases: 
1681 (2015).

2.	 ICTV. Virus Taxonomy: 2020 Release. (2022)   

18	 Ejaz et al. (2024)



https://talk.ictvonline.org/taxonomy/. (accessed 22 
Aug 2022)

3.	 A. Wilder-Smith, and S. Osman. Public health 
emergencies of international concern: a historic 
overview. Journal of Travel Medicine 27(8):1-13 
(2020).

4.	 N. Madhav, B. Oppenheim, M. Gallivan, P. 
Mulembakani, E. Rubin, and N. Wolfe. Pandemics: 
risks, impacts, and mitigation. In: Disease Control 
Priorities: Improving Health and Reducing Poverty. 
D.T. Jamison, H. Gelband, S. Horton, P. Jha, R, 
Laxminarayan, C. N. Mock, and R. Nugent (Eds). 
The International Bank for Reconstruction and 
Development / The World Bank pp. (2017).

5.	 M. Porta. A dictionary of epidemiology. Oxford 
University Press (2014).

6.	 S. Drosten, S. Günther, W. Preiser, S. Van Der Werf, 
H.R. Brodt, and S. Becker. Identification of a novel 
coronavirus in patients with severe acute respiratory 
syndrome. New England Journal of Medicine 
348(20): 1967-1976 (2003).

7.	 A.M. Zaki, S. Van Boheemen, T.M. Bestebroer, 
A.D. Osterhaus, and R.A. Fouchier. Isolation of a 
novel coronavirus from a man with pneumonia in 
Saudi Arabia. New England Journal of Medicine 
367(19): 1814-1820 (2012).

8.	 G.J. Smith, D. Vijaykrishna, J. Bahl, S.J. Lycett, M. 
Worobey, and O.G. Pybus. Origins and evolutionary 
genomics of the 2009 swine-origin H1N1 influenza 
A epidemic. Nature 459: 1122-1125 (2009).

9.	 E.C. Holmes, G. Dudas, A. Rambaut and K.G. 
Andersen. The evolution of Ebola virus: Insights 
from the 2013–2016 epidemic. Nature 538(7624): 
193-200 (2016).

10.	 N.D. Grubaugh, N.R. Faria, K.G. Andersen, and 
O.G. Pybus. Genomic insights into Zika virus 
emergence and spread. Cell 172(6): 1160-1162 
(2018).

11.	 S. Riedel. Edward Jenner and the history of smallpox 
and vaccination. Baylor University Medical Center 
Proceedings, Taylor & Francis (2005).

12.	 I.H. Hussein, N. Chams, S. Chams, S. El Sayegh, R. 
Badran, and M. Raad. Vaccines through centuries: 
major cornerstones of global health. Frontiers in 
Public Health 3(269): 1-16 (2015).

13.	 P. Bhadoria, G. Gupta, and A. Agarwal. Viral 
pandemics in the past two decades: an overview. 
Journal of Family Medicine and Primary Care 
10(8): 2745-2750 (2021).

14.	 S. Roychoudhury, A. Das, P. Sengupta, S. Dutta, S. 
Roychoudhury, and A.P. Choudhury. Viral pandemics 
of the last four decades: Pathophysiology, health 
impacts, and perspectives. International Journal of 
Environmental Research and Public Health 17(24): 
9411 (2020).

15.	 N.D. Grubaugh, J.T. Ladner, P. Lemey, O.G. 
Pybus, A. Rambaut, and E.C. Holmes. Tracking 
virus outbreaks in the twenty-first century. Nature 
Microbiology 4(1): 10-19 (2019).

16.	 R.M. Meganck, R.M., and R.S. Baric. Developing 
therapeutic approaches for twenty-first-century 
emerging infectious viral diseases. Nature Medicine 
27: 401-410 (2021).

17.	 N.D. Wolfe, C.P. Dunavan, and J. Diamond. Origins 
of major human infectious diseases. Nature 447: 
279-283 (2007).

18.	 J.J. Dennehy. Evolutionary ecology of virus 
emergence. Annals of the New York Academy of 
Sciences 1389(1): 124-146 (2017).

19.	 J.A. Blanchong, S.J. Robinson, M.D. Samuel, and 
J.T. Foster. Application of genetics and genomics 
to wildlife epidemiology. The Journal of Wildlife 
Management 80(4): 593-608 (2016).

20.	 E.C. Holmes, A. Rambaut, and K.G. Andersen. 
Pandemics: spend on surveillance, not prediction. 
Nature  558(7709): 180-182 (2018).

21.	 W.B. Karesh, A. Dobson, J.O. Lloyd-Smith, J. 
Lubroth, M.A. Dixon, and M. Bennett. Ecology 
of zoonoses: natural and unnatural histories. The 
Lancet 380(9857): 1936-1945 (2012).

22.	 N.I. Nii‐Trebi, T.S. Mughogho, A. Abdulai, F. 
Tetteh, P.M. Ofosu, and M.M. Osei. Dynamics of 
viral disease outbreaks: A hundred years (1918/19–
2019/20) in retrospect‐Loses, lessons and emerging 
issues. Reviews in Medical Virology 33(6): e2475 
(2023).

23.	 W.J. Alonso, B.J. Laranjeira, S.A. Pereira, 
C.M. Florencio, E.C. Moreno, and M.A. Miller. 
Comparative dynamics, morbidity and mortality 
burden of pediatric viral respiratory infections in 
an equatorial city. The Pediatric Infectious Disease 
Journal 31(1): e9-14 (2012).

24.	 J.S. Kutter, M.I. Spronken, P.L. Fraaij, R.A. 
Fouchier, and S. Herfst. Transmission routes of 
respiratory viruses among humans. Current Opinion 
in Virology 28: 142-151 (2018).

25.	 A.C. Lowen, and J. Steel. Roles of humidity and 
temperature in shaping influenza seasonality. 
Journal of Virology 88(14): 7692-7695 (2014).

26.	 O. Ruuskanen, E. Lahti, L.C. Jennings, and D.R. 
Murdoch. Viral pneumonia. The Lancet 377: 1264-
1275 (2011).

27.	 WHO. Surveillance strategies for COVID-19 
human infection: interim guidance, 10 May 2020. 
World Health Organization (2020). https://iris.who.
int/handle/10665/332051

28.	 T.M. Uyeki, J.M. Katz, and D.B. Jernigan. Novel 
influenza A viruses and pandemic threats. The 
Lancet 389: 2172-2174 (2017).

29.	 A.A Rabaan, S.H. Al-Ahmed, S. Haque, R. Sah, 
R. Tiwari, Y.S. Malik, K. Dhama, M.I. Yatoo, D. 
K. Bonilla-Aldana, and A. J. Rodriguez-Morales.  
SARS-CoV-2, SARS-CoV, and MERS-COV: a 
comparative overview. Infez Med 28(2): 174-184 
(2020).

30.	 J.A. Al-Tawfiq, A. Zumla, P. Gautret, G.C. Gray, 
D.S. Hui, A.A. Al-Rabeeah and Z.A. Memish. 
Surveillance for emerging respiratory viruses. The 

	 Contemporary Strategies for Managing and Controlling Viral Outbreaks	 19



Lancet Infectious Diseases 14: 992-1000 (2014).
31.	 S.S Morse. Public health disease surveillance 

networks. One Health: People, Animals, and the 
Environment: 195-211 (2014).

32.	 A.Topirceanu, M. Udrescu, and R. Marculescu. 
Centralized and decentralized isolation strategies 
and their impact on the COVID-19 pandemic 
dynamics. arXiv preprint arXiv:2004.04222: 
(2020).

33.	 C. Wilasang, C. Sararat, N.C. Jitsuk, N. Yolai, P. 
Thammawijaya, and P. Auewarakul. Reduction 
in effective reproduction number of COVID-19 is 
higher in countries employing active case detection 
with prompt isolation. Journal of Travel Medicine 
27(5): taaa095 (2020).

34.	 T. Zhao, C. Cheng, H. Liu, and C. Sun. Is one-or two-
meters social distancing enough for COVID-19? 
Evidence for reassessing. Public Health 185: 87 
(2020).

35.	 C. Jenkins and A. Sunjaya. Social distancing as a 
strategy to prevent respiratory virus infections. 
Respirology 26(2): 143-144 (2021).

36.	 H. Khataee, I. Scheuring, A. Czirok, and Z. Neufeld. 
Effects of social distancing on the spreading of 
COVID-19 inferred from mobile phone data. 
Scientific Reports 11(1): 1661 (2021).

37.	 M.E. Kretzschmar, G. Rozhnova, and M. van 
Boven. Isolation and contact tracing can tip the 
scale to containment of COVID-19 in populations 
with social distancing. Frontiers in Physics (10)8: 
622-485 (2021).

38.	 S. La Maestra, A. Abbondandolo, and S. De Flora. 
Epidemiological trends of COVID‐19 epidemic in 
Italy over March 2020: From 1000 to 100 000 cases. 
Journal of Medical Virology 92(10): 1956-1961 
(2020).

39.	 K. Prem, Y. Liu, T.W. Russell, A.J. Kucharski, 
R.M. Eggo, N. Davies S. Flasche, S. Clifford, C.A. 
Pearson, J.D. Munday, and S. Abbott. The effect 
of control strategies to reduce social mixing on 
outcomes of the COVID-19 epidemic in Wuhan, 
China: a modelling study. The Lancet Public Health 
5(5): e261-e270 (2020).

40.	 A. Alborzi, M.H. Aelami, M. Ziyaeyan, M. 
Jamalidoust, M. Moeini, B. Pourabbas, and A. 
Abbasian. Viral etiology of acute respiratory 
infections among Iranian Hajj pilgrims, 2006. 
Journal of Travel Medicine 16(4): 239-242 (2009).

41.	 CDC. Handwashing: Clean Hands Save Lives. 
(2020)  https://www.cdc.gov/handwashing/index.
html (accessed 20 Jan 2020).

42.	 G.P. Dolan, R.C. Harris, M. Clarkson, R. Sokal, G. 
Morgan, M. Mukaigawara, and et al. Vaccination of 
health care workers to protect patients at increased 
risk for acute respiratory disease. Emerging 
Infectious Diseases 18(8): 1225 (2012).

43.	 J. Horcajada, T. Pumarola, J. Martinez, G. Tapias, 
J. Bayas, M. De la Prada, and et al. A nosocomial 
outbreak of influenza during a period without 

influenza epidemic activity. European Respiratory 
Journal 21(2): 303-307 (2003).

44.	 R. Barranco, L. Vallega Bernucci Du Tremoul, 
and F. Ventura. Hospital-acquired SARS-Cov-2 
infections in patients: inevitable conditions or 
medical malpractice? International Journal of 
Environmental Research and Public Health 18(2): 
489 (2021).

45.	 V. Schwierzeck, J.C. König, J. Kühn, A. Mellmann, 
C.L. Correa-Martínez, H. Omran and et al. First 
Reported Nosocomial Outbreak of Severe Acute 
Respiratory Syndrome Coronavirus 2 in a Pediatric 
Dialysis Unit. Clinical Infectious Diseases 72(2): 
265-270 (2021).

46.	 S. Plotkin. History of vaccination. Proceedings 
of the National Academy of Sciences 111: 12283-
12287 (2014).

47.	 WHO. Types of seasonal influenza vaccine. 
(2020)   https://www.euro.who.int/en/health-
top ics /communicab le -d i seases / in f luenza /
vacc ina t i on / t ypes -o f - s ea sona l - i n f l uenza 
vacc ine#:~ : tex t=Two%20types%20of%20
inf luenza%20vaccine , (a lso%20cal led%20
trivalent%20vaccines). (accessed 12 Nov 2020).

48.	 C.S. Ambrose and M.J. Levin. The rationale for 
quadrivalent influenza vaccines. Human Vaccines & 
Immunotherapeutics 8(1): 81-88 (2012).

49.	 S. Gouma, E.M. Anderson, and S.E. Hensley. 
Challenges of making effective influenza vaccines. 
Annual Review of Virology 7(1): 495-512 (2020).

50.	 M. Shafique, M.A. Zahoor, M.I. Arshad, B. Aslam, 
A.B. Siddique, and M.H. Rasool. Hurdles in 
Vaccine Development against Respiratory Syncytial 
Virus, in The Burden of Respiratory Syncytial Virus 
Infection in the Young. IntechOpenpp.  (2019).

51.	 S. Lee, M.T. Nguyen, M.G. Currier, J.B. Jenkins, E.A. 
Strobert, and A.E. Kajon. A polyvalent inactivated 
rhinovirus vaccine is broadly immunogenic in 
rhesus macaques. Nature Communications 7(1): 1-7 
(2016).

52.	 T. Zohar, J.C. Hsiao, N. Mehta, J. Das, A. 
Devadhasan, and W. Karpinski. Upper and lower 
respiratory tract correlates of protection against 
respiratory syncytial virus following vaccination 
of nonhuman primates. Cell Host & Microbe 30(1): 
41-52 (2021).

53.	 A. Killikelly, M. Tunis, A. House, C. Quach, W. 
Vaudry, and D. Moore. Respiratory syncytial 
virus: Overview of the respiratory syncytial virus 
vaccine candidate pipeline in Canada. Canada 
Communicable Disease Report 46(4): 56 (2020).

54.	 H. Le Calvez, M. Yu, and F. Fang. Biochemical 
prevention and treatment of viral infections–A 
new paradigm in medicine for infectious diseases. 
Virology Journal 1: 1-6 (2004).

55.	 A. Rocca, C. Biagi, S. Scarpini, A. Dondi, S. Vandini, 
and L. Pierantoni. Passive Immunoprophylaxis 
against Respiratory Syncytial Virus in Children: 
Where Are We Now? International Journal of 

20	 Ejaz et al. (2024)



Molecular Sciences 22(7): 3703 (2021).
56.	 S. Mac, A. Sumner, S. Duchesne-Belanger, R. 

Stirling, M. Tunis, and B. Sander. Cost-effectiveness 
of palivizumab for respiratory syncytial virus: a 
systematic review. Pediatrics 143(5): (2019).

57.	 E. Bizot, A. Bousquet, M. Charpié, F. Coquelin, S. 
Lefevre, and J. Le Lorier. Rhinovirus: A Narrative 
Review on Its Genetic Characteristics, Pediatric 
Clinical Presentations, and Pathogenesis. Frontiers 
in Pediatrics 9:1-8 (2021).

58.	 R.L. Gottlieb, A. Nirula, P. Chen, J. Boscia, B. 
Heller, and J. Morris. Effect of bamlanivimab as 
monotherapy or in combination with etesevimab 
on viral load in patients with mild to moderate 
COVID-19: a randomized clinical trial. Jama 
325(7): 632-644 (2021).

59.	 J.A. Englund. Antiviral therapy of influenza. In 
Seminars in pediatric infectious diseases. 2002. 
Elsevier.

60.	 CDC. Influenza vaccines — United States, 2020–21 
influenza season. (2021)   https://www.cdc.gov/
flu/professionals/acip/2020-2021/acip-table.htm 
(accessed 26 Jan 2021).

61.	 V. Gresset-Bourgeois, P.S. Leventhal, S. Pepin, 
R. Hollingsworth, M.P. Kazek-Duret, and I. De 
Bruijn. Quadrivalent inactivated influenza vaccine 
(VaxigripTetra™). Expert Review of Vaccines 17(1): 
1-11 (2018).

62.	 L.D. Saravolatz, K.M. Empey, R.S. Peebles Jr, 
and J.K. Kolls. Pharmacologic advances in the 
treatment and prevention of respiratory syncytial 
virus. Clinical Infectious Diseases 50(9): 1258-
1267 (2010).

63.	 J. Hendriks, and S. Blume. Measles vaccination 
before the measles-mumps-rubella vaccine. 
American Journal of Public Health 103(8): 1393-
1401 (2013).

64.	 A. Bichon, C. Aubry, L. Benarous, H. Drouet, C. 
Zandotti, and P. Parola. Case report: Ribavirin and 
vitamin A in a severe case of measles. Medicine 
96(50): e9154 (2017).

65.	 S. Gouma, I. Hinke, T.M. Schurink-van’t Klooster, 
H.E. de Melker, G.J. Boland, and P. Kaaijk. Mumps-
specific cross-neutralization by MMR vaccine-
induced antibodies predicts protection against 
mumps virus infection. Vaccine 34(35): 4166-4171 
(2016).

66.	 U. Sandkovsky, L. Vargas, and D.F. Florescu. 
Adenovirus: current epidemiology and emerging 
approaches to prevention and treatment. Current 
Infectious Disease Reports 16:1-8 (2014).

67.	 C.H. Hoke Jr, and C.E. Snyder Jr. History of the 
restoration of adenovirus type 4 and type 7 vaccine, 
live oral (Adenovirus Vaccine) in the context of the 
Department of Defense acquisition system. Vaccine 
31(12): 1623-1632 (2013).

68.	 A. Anzueto, and M.S. Niederman. Diagnosis and 
treatment of rhinovirus respiratory infections. Chest 
123(5): 1664-1672 (2003).

69.	 J.H. Beigel, K.M. Tomashek, L.E. Dodd, A.K. 
Mehta, B.S. Zingman, and A.C. Kalil. Remdesivir 
for the treatment of Covid-19—preliminary report. 
The New England Journal of Medicine 383(19): 
1813-1826 (2020).

70.	 R.C. Group. Dexamethasone in hospitalized patients 
with Covid-19—preliminary report. New England 
Journal of Medicine 384(8): 693-704 (2020).

71.	 CDC. Different COVID-19 Vaccines. (2020)  https://
www.cdc.gov/coronavirus/2019-ncov/vaccines/
different-vaccines.html (accessed 2 Feb 2020).

72.	 T.H. Tulchinsky. John Snow, Cholera, the broad 
street pump; waterborne diseases then and now. 
Case Studies in Public Health: 77 (2018).

73.	 R. Bonita, R. Beaglehole, and T. Kjellström(Eds.). 
Basic epidemiology. World Health Organization 
(2006).

74.	 M. Kosek, C. Bern, and R.L. Guerrant. The global 
burden of diarrhoeal disease, as estimated from 
studies published between 1992 and 2000. Bulletin 
of the World Health Organization 81: 197-204 
(2003).

75.	 P.H. Dennehy. Effects of vaccine on rotavirus 
disease in the pediatric population. Current Opinion 
in pediatrics 24(1): 76-84 (2012).

76.	 T. Vesikari. Norovirus Vaccines in Pipeline 
Development. in: Pediatric Vaccines and 
Vaccinations., T. Vesikari and T.V. Damme(Eds), 
Springer.pp. 289-292 (2021).

77.	 M.A. Widdowson, E.H. Cramer, L. Hadley, J.S. 
Bresee, R.S. Beard, and S.N. Bulens. Outbreaks of 
acute gastroenteritis on cruise ships and on land: 
identification of a predominant circulating strain 
of norovirus—United States, 2002. The Journal of 
Infectious Diseases 190(1): 27-36 (2004).

78.	 J. Xerry, C.I. Gallimore, M. Iturriza-Gómara, D.J. 
Allen, and J.J. Gray. Transmission events within 
outbreaks of gastroenteritis determined through 
analysis of nucleotide sequences of the P2 domain 
of genogroup II noroviruses. Journal of Clinical 
Microbiology 46(3): 947-953 (2008).

79.	 L. Baert, M. Uyttendaele, A. Stals, E. Van Coillie, 
K. Dierick, and J. Debevere. Reported foodborne 
outbreaks due to noroviruses in Belgium: the link 
between food and patient investigations in an 
international context. Epidemiology & Infection 
137(3): 316-325 (2009).

80.	 G. Belliot, A. Lavaux, D. Souihel, D. Agnello, 
and P. Pothier. Use of murine norovirus as a 
surrogate to evaluate resistance of human norovirus 
to disinfectants. Applied and Environmental 
Microbiology 74(10): 3315-3318 (2008).

81.	 I. Barrabeig, A. Rovira, J. Buesa, R. Bartolomé, R. 
Pintó, H. Prellezo, and À. Domínguez. Foodborne 
norovirus outbreak: the role of an asymptomatic 
food handler. BMC Infectious Diseases 10: 1-7 
(2010).

82.	 M. Romão, A. Didier, and A. Brandes. www. cdc. 
gov/eid. Emerging Infectious Diseases: 1310 (2011).

	 Contemporary Strategies for Managing and Controlling Viral Outbreaks	 21



83.	 M. O’Ryan, Y. Lucero, and A.C. Linhares. Rotarix®: 
vaccine performance 6 years postlicensure. Expert 
Review of Vaccines 10(12): 1645-1659 (2011).

84.	 S. La Frazia, A. Ciucci, F. Arnoldi, M. Coira, P. 
Gianferretti, and M. Angelini. Thiazolides, a new 
class of antiviral agents effective against rotavirus 
infection, target viral morphogenesis, inhibiting 
viroplasm formation. Journal of Virology 87(20): 
11096-11106 (2013).

85.	 J.M. Hyser, and M.K. Estes. Rotavirus vaccines 
and pathogenesis: 2008. Current Opinion in 
Gastroenterology 25(1): 36-43 (2009).

86.	 J. Kocher, and L. Yuan. Norovirus vaccines and 
potential antinorovirus drugs: recent advances and 
future perspectives. Future Virology 10(7): 899-913 
(2015).

87.	 C. Bravo, L. Mege, C. Vigne, and Y. Thollot. Clinical 
experience with the inactivated hepatitis A vaccine, 
Avaxim 80U Pediatric. Expert Review of Vaccines 
18(3): 209-223 (2019).

88.	 K. Van Herck, G. Leroux-Roels, P. Van Damme, 
K. Srinivasa, and B. Hoet. Ten-year antibody 
persistence induced by hepatitis A and B vaccine 
(Twinrix™) in adults. Travel Medicine and 
Infectious Disease 5(3): 171-175 (2007).

89.	 E. Ehrenfeld, J. Modlin, and K. Chumakov. Future 
of polio vaccines. Expert Review of Vaccines 8(7): 
899-905 (2009).

90.	 L. Prescott, J. Harley, and D. Klein(Eds). 
Microbiology. 5th. McGraw Hil1: (2002).

91.	 F. Gobbi, L. Barzon, G. Capelli, A. Angheben, M. 
Pacenti, and G. Napoletano. Surveillance for West 
Nile, dengue, and chikungunya virus infections, 
Veneto Region, Italy, 2010. Emerging Infectious 
Diseases 18(4): 671 (2012).

92.	 B. Dietzschold, J. Li, M. Faber, and M. Schnell. 
Concepts in the pathogenesis of rabies. Future 
Virology 3(5): 481-490 (2008).

93.	 O. Ergönül. Crimean-Congo haemorrhagic fever. 
The Lancet Infectious Diseases 6(4): 203-214 
(2006).

94.	 V. Sikka, V.K. Chattu, R.K. Popli, S.C. Galwankar, 
D. Kelkar, and S.G. Sawicki. The emergence of 
Zika virus as a global health security threat: a 
review and a consensus statement of the INDUSEM 
Joint Working Group (JWG). Journal of Global 
Infectious Diseases 8(1): 3-15 (2016).

95.	 WHO. How to Avoid vector-Borne diseases – top tips. 
(2014) https://www.who.int/westernpacific/about/
how-we-work/pacific-support/news/detail/07-04-
2014-world-health-day-2014-preventing-vector-
borne-diseases  (accessed 12 Nov 2020).

96.	 H. van den Berg, M. Zaim, R.S. Yadav, A. Soares, 
B. Ameneshewa, A. Mnzava, J. Hii, A.P. Dash, and 
M. Ejov.   Global trends in the use of insecticides 
to control vector-borne diseases. Environmental 
Health Perspectives 120(4): 577-582 (2012).

97.	 S.D. Rodriguez, H.-N. Chung, K.K. Gonzales, J. 
Vulcan, Y. Li, and J.A. Ahumada. Efficacy of some 

wearable devices compared with spray-on insect 
repellents for the yellow fever mosquito, Aedes 
aegypti (L.)(Diptera: Culicidae). Journal of Insect 
Science 17(1): 24 (2017).

98.	 I. Unlu, D.S. Suman, Y. Wang, K. Klingler, A. Faraji, 
and R. Gaugler. Effectiveness of autodissemination 
stations containing pyriproxyfen in reducing 
immature Aedes albopictus populations. Parasites 
& Vectors 10: 1-10 (2017).

99.	 S.A. Ritchie, G.J. Devine, G.M. Vazquez-Prokopec, 
A.E. Lenhart, P. Manrique-Saide, and T.W. Scott. 
Insecticide-based approaches for dengue vector 
control. In: Ecology and Control of Vector-Borne 
Diseases. Wageningen Academic Publishers, pp. 
380-390 (2021).

100.	Z.H. Amelia-Yap, C.D. Chen, M. Sofian-Azirun, 
and V.L. Low. Pyrethroid resistance in the dengue 
vector Aedes aegypti in Southeast Asia: present 
situation and prospects for management. Parasites 
& Vectors 11: 1-17 (2018).

101.	N.L. Achee, M.J. Bangs, R. Farlow, G.F. Killeen, 
S. Lindsay, J.G. Logan, S.J. Moore, M. Rowland, 
K. Sweeney, S.J. Torr, and L.J. Zwiebel. Spatial 
repellents: from discovery and development to 
evidence-based validation. Malaria Journal 11: 1-9 
(2012).

102.	N.L. Achee, J.P. Grieco, H. Vatandoost, G. Seixas, 
J. Pinto, and L. Ching-Ng. Alternative strategies for 
mosquito-borne arbovirus control. PLoS Neglected 
Tropical Diseases 13(1): e0006822 (2019).

103.	T. Glare and M. O’Callaghan (Eds.). “Bacillus 
thuringiensis”: Biology, Ecology and Safety. John 
Wiley & Sons. Inc., New York, NY: (2000).

104.	X. Zheng, D. Zhang, Y. Li, C. Yang, Y. Wu, and X. 
Liang. Incompatible and sterile insect techniques 
combined eliminate mosquitoes. Nature 572(7767): 
56-61 (2019).

105.	R.S. Lees, J.R. Gilles, J. Hendrichs, M.J. Vreysen, 
and K. Bourtzis. Back to the future: the sterile insect 
technique against mosquito disease vectors. Current 
Opinion in Insect Science 10: 156-162 (2015).

106.	B. Durovni, V. Saraceni, A. Eppinghaus, T.I. 
Riback, L.A. Moreira, and N.P. Jewell. The impact 
of large-scale deployment of Wolbachia mosquitoes 
on dengue and other Aedes-borne diseases in Rio 
de Janeiro and Niterói, Brazil: study protocol for 
a controlled interrupted time series analysis using 
routine disease surveillance data. F1000Research 8: 
(2020).

107.	S.B. Pinto, T.I. Riback, G. Sylvestre, G. Costa, J. 
Peixoto, and F.B. Dias. Effectiveness of Wolbachia-
infected mosquito deployments in reducing the 
incidence of dengue and other Aedes-borne diseases 
in Niterói, Brazil: A quasi-experimental study. 
PLoS Neglected Tropical Diseases 15(7): e0009556 
(2021).

108.	S. Haq, R. Yadav, and V. Kohli. Developing 
larvivorous fish network for mosquito control in 
urban areas: A case study. ICMR Bull 33(7): 69-73 

22	 Ejaz et al. (2024)



(2003).
109.	R. Bellini, H. Zeller, and W. Van Bortel. A review 

of the vector management methods to prevent and 
control outbreaks of West Nile virus infection and 
the challenge for Europe. Parasites & Vectors 7: 
1-11 (2014).

110.	J.M. Darbro, and M.B. Thomas. Spore 
persistence and likelihood of aeroallergenicity of 
entomopathogenic fungi used for mosquito control. 
The American Journal of Tropical Medicine and 
Hygiene 80(6): 992-997 (2009).

111.	S. Flasche, M. Jit, I. Rodríguez-Barraquer, L. 
Coudeville, M. Recker, and K. Koelle. The long-term 
safety, public health impact, and cost-effectiveness 
of routine vaccination with a recombinant, live-
attenuated dengue vaccine (Dengvaxia): a model 
comparison study. PLoS Medicine 13(11): e1002181 
(2016).

112.	T.D. Querec, R.S. Akondy, E.K. Lee, W. Cao, H.I. 
Nakaya, and D. Teuwen. Systems biology approach 
predicts immunogenicity of the yellow fever vaccine 
in humans. Nature Immunology 10: 116-125 (2009).

113.	R. Ghildiyal, and R. Gabrani. Antiviral therapeutics 
for chikungunya virus. Expert Opinion on 
Therapeutic Patents 30(6): 467-480 (2020).

114.	A.C. Sayce, J.L. Miller, and N. Zitzmann. 
Glucocorticosteroids as dengue therapeutics: 
resolving clinical observations with a primary 
human macrophage model. Clinical Infectious 
Diseases 56(6): 901-903 (2013).

115.	Y.S. Tian, Y. Zhou, T. Takagi, M. Kameoka, and N. 
Kawashita. Dengue virus and its inhibitors: a brief 
review. Chemical and Pharmaceutical Bulletin 
66(3): 191-206 (2018).

116.	E. Escribano-Romero, N.J. de Oya, E. Domingo, and 
J.C. Saiz. Extinction of West Nile virus by favipiravir 
through lethal mutagenesis. Antimicrobial Agents 
and Chemotherapy 61(111): 10-1128 (2017).

117.	J. Arroyo, C. Miller, J. Catalan, G.A. Myers, M.S. 
Ratterree, D.W. Trent, and T.P. Monath. ChimeriVax-
West Nile virus live-attenuated vaccine: preclinical 
evaluation of safety, immunogenicity, and efficacy. 
Journal of Virology 78(22): 12497-12507 (2004).

118.	T.P. Monath. Treatment of yellow fever. Antiviral 
Research 78(1): 116-124 (2008).

119.	S.C. Weaver, J.E. Osorio, J.A. Livengood, R. Chen, 
and D.T. Stinchcomb. Chikungunya virus and 
prospects for a vaccine. Expert Review of Vaccines 
11(9): 1087-1101 (2012).

120.	T.W. Geisbert, C.E. Mire, J.B. Geisbert, Y.P. Chan, 
K.N. Agans, and F. Feldmann. Therapeutic treatment 
of Nipah virus infection in nonhuman primates with 
a neutralizing human monoclonal antibody. Science 
Translational Medicine 6(242): 242ra82-242ra82 
(2014).

121.	WHO. HIV/AIDS. (2020)   https://www.who.int/
news-room/fact-sheets/detail/hiv-aids (accessed 12 
Nov 2020).

122.	WHO. Hepatitis B. (2020)   https://www.who.

int/news-room/fact-sheets/detail /hepati t is-
b#:~ : tex t=Hepat i t i s%20B%20is%20a%20
potentially,from%20cirrhosis%20and%20liver%20
cancer. (accessed 12 Nov 2020).

123.	WHO. Hepatitis C. (2021)   https://www.who.int/
news-room/fact-sheets/detail/hepatitis-c (accessed 
30 Sep 2021).

124.	R.M. Benjamin. Raising awareness of viral 
hepatitis: National Hepatitis Testing Day, May 19. 
Public Health Reports 127(3): 244-245 (2012).

125.	R.C. Burke, K.A. Sepkowitz, K.T. Bernstein, 
A.M. Karpati, J.E. Myers, and B.W. Tsoi. Why 
don’t physicians test for HIV? A review of the US 
literature. Aids 21(12): 1617-1624 (2007).

126.	B.D. Smith, C. Jorgensen, J.E. Zibbell, and G.A. 
Beckett. Centers for Disease Control and Prevention 
initiatives to prevent hepatitis C virus infection: a 
selective update. Clinical Infectious Diseases 
55(suppl_1): S49-S53 (2012).

127.	WHO. Screening donated blood for transfusion-
transmissible infections: recommendations. World 
Health Organization (2010).

128.	E. Sagnelli, G. Starnini, C. Sagnelli, R. Monarca, 
G. Zumbo, E. Pontali. Blood born viral infections, 
sexually transmitted diseases and latent tuberculosis 
in Italian prisons: a preliminary report of a large 
multicenter study. Eur Rev Med Pharmacol Sci 
16(15): 2142-6 (2012).

129.	L.A. Scott-Sheldon, T.B. Huedo-Medina, M.R. 
Warren, B.T. Johnson, and M.P. Carey. Efficacy 
of behavioral interventions to increase condom 
use and reduce sexually transmitted infections: a 
meta-analysis, 1991 to 2010. Journal of Acquired 
Immune Deficiency Syndromes (1999) 58(5): 489-
498 (2011).

130.	J. Obiero, P.G. Mwethera, G.D. Hussey, and C.S. 
Wiysonge. Vaginal microbicides for reducing 
the risk of sexual acquisition of HIV infection in 
women: systematic review and meta-analysis. BMC 
Infectious Diseases 12: 1-8  (2012).

131.	N. Siegfried, M. Muller, J.J. Deeks, and J. Volmink. 
Male circumcision for prevention of heterosexual 
acquisition of HIV in men. Cochrane Database of 
Systematic Reviews 2: (2009).

132.	H. Hagan, and D.C.D. Jarlais. HIV and HCV 
infection among injecting drug users. Mount Sinai 
Journal of Medicine 67(5-6): 423-428 (2000).

133.	CDC. Preexposure Prophylaxis for the Prevention 
of HIV Infection in the United States – 2017 Update 
https://www.cdc.gov/hiv/pdf/risk/prep/cdc-hiv-
prep-guidelines-2017.pdf (12 Nov 2020).

134.	CDC. Guidelines and Recommendations. (2020)  
https://www.cdc.gov/hiv/guidelines/index.html 
(accessed 12 Nov 2020).

135.	K.H. Mayer, and K.K. Venkatesh. Antiretroviral 
therapy as HIV prevention: status and prospects. 
American Journal of Public Health 100(10): 1867-
1876 (2010).

136.	M.L. Cottrell, K.H. Yang, H.M. Prince, C. Sykes, N. 

	 Contemporary Strategies for Managing and Controlling Viral Outbreaks	 23



White, and S. Malone. A translational pharmacology 
approach to predicting outcomes of preexposure 
prophylaxis against HIV in men and women using 
tenofovir disoproxil fumarate with or without 
emtricitabine. The Journal of Infectious Diseases 
214(1): 55-64 (2016).

137.	A.S. Omrani, and A. Freedman. Prophylaxis of HIV 
infection. British Medical Bulletin 73(1): 93-105 
(2005).

138.	D. Gold, and L. Corey. Acyclovir prophylaxis 
for herpes simplex virus infection. Antimicrobial 
Agents and Chemotherapy 31(3): 361-367 (1987).

139.	K. Kawamura, H. Wada, R. Yamasaki, Y. Ishihara, 
K. Sakamoto, and M. Ashizawa. Low‐dose acyclovir 
prophylaxis for the prevention of herpes simplex 
virus disease after allogeneic hematopoietic stem 
cell transplantation. Transplant Infectious Disease 
15(5): 457-465 (2013).

140.	H.S. Khurana, A. Kole, J. Falk, S. Ghandehari, G. 
Soohoo, and S. Simsir. Low-Dose Valganciclovir 
for CMV Prophylaxis after Lung Transplantation. 
International Scholarly Research Notices 2013(1): 
(2013).

141.	J.K. McGavin, and K.L. Goa. Ganciclovir. Drugs 
61: 1153-1183 (2001).

142.	H. Bayu, B. Elias, S. Abdisa, A. Tune, and H. 
Namo. Post exposure prophylaxis coverage, vertical 
transmission and associated factors among hepatitis 
B exposed newborns delivered at Arsi zone health 
institutions, 2019. Plos One 15(10): e0238987 
(2020).

143.	S. Paladini, P. Van Damme, and A.R. Zanetti. The 
worldwide impact of vaccination on the control and 
protection of viral hepatitis B. Digestive and Liver 
Disease 43: S2-S7 (2011).

144.	W.E. Levinson. Review of medical microbiology 
and immunology. McGraw Hill Education (2018).

145.	L. Piermatteo, S. D’Anna, A. Bertoli, M. Bellocchi, 
L. Carioti, and L. Fabeni. Unexpected rise in the 
circulation of complex HBV variants enriched 
of HBsAg vaccine-escape mutations in HBV 
genotype-D: potential impact on HBsAg detection/
quantification and vaccination strategies. Emerging 
Microbes & Infections 12(1): 2219347 (2023).

146.	J. Leong, D. Lin, and M.H. Nguyen. Hepatitis 
B surface antigen escape mutations: Indications 
for initiation of antiviral therapy revisited. World 
Journal of Clinical Cases 4(3): 71 (2016).

147.	J. Liu, A. Kosinska, M. Lu, and M. Roggendorf. 
New therapeutic vaccination strategies for the 
treatment of chronic hepatitis B. Virologica Sinica 
29: 10-16 (2014).

148.	A. Washizaki, A. Murayama, M. Murata, T. 
Kiyohara, K. Yato, and N. Yamada. Neutralization 
of hepatitis B virus with vaccine-escape mutations 

by hepatitis B vaccine with large-HBs antigen. 
Nature Communications 13(1): 5207 (2022).

149.	Y.H. Shin, C.M. Park, and C.H. Yoon. An Overview 
of Human Immunodeficiency Virus-1 Antiretroviral 
Drugs: General Principles and Current Status. 
Infection & Chemotherapy 53(1): 29 (2021).

150.	A. Winston, A.G. Wurcel, C. Gordon, and N. Goyal. 
Viral hepatitis in patients on hemodialysis. In: 
Seminars in dialysis. Wiley Online Library, pp. 254-
262 (2020).

151.	R. Zampino, C. Sagnelli, A. Boemio, E. Sagnelli, and 
N. Coppola. Treatment of chronic HBV infection in 
developing countries. Annals of Hepatology 15(6): 
816-823 (2017).

152.	X.J. Qian, Y.Z. Zhu, P. Zhao, and Z.T. Qi. Entry 
inhibitors: new advances in HCV treatment. 
Emerging Microbes & Infections 5(1): 1-8 (2016).

153.	A.d.A. Monforte, A.C. Lepri, G. Rezza, P. Pezzotti, 
A. Antinori, and A.N. Phillips. Insights into the 
reasons for discontinuation of the first highly active 
antiretroviral therapy (HAART) regimen in a cohort 
of antiretroviral naive patients. Aids 14(5): 499-507 
(2000).

154.	E.D. Belay, J.C. Kile, A.J. Hall, C. Barton-
Behravesh, M.B. Parsons, and S. Salyer. Zoonotic 
disease programs for enhancing global health 
security. Emerging Infectious Diseases 23(suppl 1): 
S65 (2017).

155.	P. Olliaro, F. Fouque, A. Kroeger, L. Bowman, R. 
Velayudhan, A.C. Santelli, D. Garcia, R. Skewes 
Ramm, L.H. Sulaiman, G.S. Tejeda, and F.C. 
Morales. Improved tools and strategies for the 
prevention and control of arboviral diseases: A 
research-to-policy forum. PLoS Neglected Tropical 
Diseases 12(2): e0005967 (2018).

156.	C.R. Parrish, E.C. Holmes, D.M. Morens, E.C. Park, 
D.S. Burke, and C.H. Calisher. Cross-species virus 
transmission and the emergence of new epidemic 
diseases. Microbiology and Molecular Biology 
Reviews 72(3): 457-470 (2008).

157.	M. Rahman, M. Sobur, M. Islam, S. Ievy, M. 
Hossain, and M.E. El Zowalaty. Zoonotic diseases: 
etiology, impact, and control. Microorganisms 8(9): 
1405 (2020).

158.	S. Alrashed, N. Min-Allah, I. Ali, and R. Mehmood. 
COVID-19 outbreak and the role of digital twin. 
Multimedia Tools and Applications 81(19): 26857-
26871 (2022).

159.	V. Alexandre.(Ed.). Digital twin for healthcare 
systems. Frontiers in Digital Health  (2023).

160.	M.N. Kamel Boulos, and P. Zhang. Digital twins: 
from personalised medicine to precision public 
health. Journal of Personalized Medicine 11(8): 745 
(2021).  

24	 Ejaz et al. (2024)


