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Abstract:  

Emerging and re-emerging infectious disease has caused a deleterious effect in the world. Nearly 

14 million people lost their lives by fighting against these diseases. These emerging infectious  

diseases can cause epidemics and pandemics. History itself has shown that viruses cause a lot of 

pandemics and caused a lot of destruction. These infectious agents will  always be after humans to 

cause diseases. But we can hinder them through our  scientific techniques. In 2015, WHO proposed 

the names of 10 potential viruses that can cause the next outbreak and pandemic. All of these 

viruses are those that once occurred in two decades and cause a lot of destruction. Some of them 

are still infecting humans. Surveillance plays a crucial role in detecting and responding to these 

infectious agents. Molecular technology, phylogenetic and phylogeographic analysis has revealed 

that by predicting these outbreaks we can hinder their chain of transmission. Genomic 

epidemiology is being used for the development of interventions and limiting the spread of these 

infectious diseases. World Health Organization and Global Outbreak Alert and Response Network 

have proposed a response system to affected countries. In case of an emergency outbreak, the team 

of GOARN is needed to reach those countries within 24 hours. There is some control measure 

which is being used to prevent the spread of existing outbreak and occurrence of a future outbreak. 

Keywords: Pandemics, coronavirus, surveillance, phylogeographic analysis, genomic 

epidemiology. 

 

 

1. Introduction: 

Infectious disease has taken tons of lives and causes disastrous effect on the entire population. 

About 14 million deaths occur every year in developing countries due to these infectious diseases 
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[1].Between 1940 to 2004, more than 350 infectious diseases have arisen [2]. These emerging 

infectious diseases turn out to be a threat to the world. Amid these infectious agent, some are 

zoonotic viruses that emerge from animals and causes diseases to humans. The severity of the 

disease varies with each viral infection. Depending on the transmitting ability of the virus, it can 

either cause limited outbreaks that can lead to large epidemics or global pandemics[3]. The events 

of new emerging infections have been countless and diverse over the past two decades. These 

events not only include novel viruses like Severe Acute Respiratory Syndrome  and Middle East 

Respiratory Syndrome and Coronavirus but also the known rivals that have reoccurred like Ebola 

and Zika virus that causes outbreaks or in worst cases pandemics[4][5][6][7][8]. If we look at 

history, we can find many outbreaks and pandemics that have resulted due to the spread of human-

to-human infection. The most important characteristic of a pandemic comprises the broad 

geographical area, the transmission of disease,  newness, severity, high incidence rate, low 

population immunity, and contagiousness.  The catastrophe related to pandemics not only harms 

health, the economy, and society but also causes political and social obstruction [9]. The 

reappearance of a virus depends on some factors i.e., overpopulation, domestic travel, change in 

the pattern of land use, conflicts, and global warming[10]. The interaction between humans and 

the reservoir increases due to these factors that allows the viruses to remerge and spread more 

easily. Association between the virus genetics, ecology and the factors of the host is so convoluted 

that it is impracticable to know the causative agent of the next epidemic. Though the termination 

of an outbreak can be either natural or by limiting it but still need to retaliate it more with 

scientifically instructed, productive and vigorous techniques[11][12]. 

The study conveys the importance of awareness and preparedness. As we are surrounded by 

infectious viruses and they are going to cause more outbreaks and pandemics, we need to get ahead 

of them and prepare ourselves to combat them.  

2. Snapshots of pandemics:  

Pandemics have been accompanying the human race for a very long time from plaque to covid19. 

We have seen that pandemics due to infectious diseases are still following the human race and will 

accompany us in future as well. As a medical historian cited that " one pandemic will drive 

another". If a disease occurs together, it will take over the other disease. [2][13][14]. We can observe 

from history that how plaque took over leprosy in the first millennia. Afterwards, syphilis befell, 

and it ruled the world for the past half millennia. Then it was replaced by tuberculosis which 
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became a pandemic in the 17th century. Later in the 19th century, an outbreak of smallpox befalls 

and was declared a pandemic. Three pandemics; Spanish flu, Hong Kong flu and Asian flu  which 

break out  in the 20th century and wiped more than 20 million lives in the world [2][9][15][16]. 

After that HIV arrived and took nearly 35 million lives. Then HIV was followed by crucial 

epidemics of the new millennium i.e., SARS, Swine flu, Ebola epidemic, MERS and  Zika 

epidemic which are still present. It was now the turn of  pandemic of 21st century Covid-19 that 

is horrifying the whole world even today by taking a lot of lives as shown in table1. Hence, the 

world's archives are full of epidemics and pandemics but still, it does not abolish humankind.  A 

lot of people might have been wiped out but still, humanity came up with new techniques and 

efforts to tackle it.[17][18] 

Name Causative agent  Death rate  

Plaque  smallpox / measles  5 M 

Japanese smallpox  Variola major virus  1 M  

Black death Yersinia pestis 200 M  

Cholera  Vibrio cholera  > 1 M  

Yellow fever Virus/mosquitos 1-15 lac  

Spanish flu H1N1 virus 40-50 M 

Asian flu H2N2 virus 1.1 M 

Hong Kong flu H3N2 virus  1 M 

AIDS Virus / chimpanzee 23-35 M 

Swine flu H1N1 virus/ pigs 200,000 

SARS Corona virus  770 
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Table no 1: Major pandemics occurred over time.[18][20][21] 

3. Potential pandemic causing pathogen:  

List of infectious pathogens have been developed by different researchers and health experts in a 

meeting held on 10 December 2015 in Geneva in order to make preparation to prevent an outbreak. 

table2. The aim of developing the list of diseases was to provide an outline for Research and 

Development (R&D) preparation to combat with a future outbreak. This can be achieved by 

making therapeutic interventions, vaccines, diagnostic measures, besides focusing on development 

of behavioral therapy and covering the critical gaps in scientific theory. [22] 

 

Pathogen Disease name Case fatality  Overview  

Nairovirus (tick-

borne virus) 

Crimean Congo 

Hemorrhagic 

Fever 

10%-40% Crimean Congo Hemorrhagic Fever is a viral hemorrhagic 

fever with an incubation period of 1-13 days. It is normally 

transmitted through tick or by direct contact with animals 

having viremic tissues. It is endemic in Asia, Balkan, 

Middle East, and Africa and has the potential to cause an 

epidemic. It is very difficult to treat and prevent. Although 

antiviral drug ribavirin shows effective results[23][24]. 

Zaire Ebola Virus Ebola virus 

disease 

25%-90% EBD is a severe and fatal disease whose an incubation 

period is  2-21 days. It is transmitted through wild animals, 

human-human direct contact, and contaminated materials. 

The 2014-2016 outbreak in west Africa was more 

disastrous comprising of more cases and deaths than all 

Ebola Ebola virus 94,521  

MERS Coronavirus 850 

Covid-19 Coronavirus  4,042,921 [19] 
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other outbreaks. It can be prevented by maintaining a 

proper hygiene . Currently there is no treatment for EBD 

but simple interventions i.e., oral or IV fluids can be  

proved effective. Medication is given to reduce specific 

symptoms like diarrhoea, vomiting and blood pressure. A 

vaccine named rVSV-ZEBOV is proved effective and is 

being used in the current outbreak in Congo[21][25] 

Marburg virus Marburg 

hemorrhagic fever 

24%-88% Marburg virus is responsible for causing deadly 

hemorrhagic fever with an incubation period of 2-21 days. 

It belongs to the same family as the Ebola virus and is 

responsible for causing outbreaks as well.  A person might 

get this infection primarily, by continuous exposure to the 

Rousettus bat that inhabits the caves and mines. It is spread 

through human-to-human transmission and contaminated 

materials. although there is no treatment present for this 

disease, treating specific symptoms, supportive care and a 

range of immune therapies and drug therapies can improve 

the chances of survival. It can be prevented by community 

engagement, social mobilization, safe burials, and 

surveillance[26][27] 

Lasa virus Lasa hemorrhagic 

fever 

1%-15% Lasa hemorrhagic fever is a zoonotic disease caused by a 

single-stranded RNA virus that belongs to the family 

Arenaviridae. The virus uses a multimammate rat as a host. 

These rats do not get infected but release the virus in their 

faeces and urine. About 80% of cases are asymptomatic. 

Its, incubation period is 6-21 days. It can be transmitted 

sexually or by contacting contaminating objects and food. 

Lasa virus has caused endemic in Benin, Nigeria, and other 

West African countries. There is no vaccine for the disease, 

but the antiviral drug ribavirin shows effectiveness in 
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treating the disease. we can prevent disease by following 

good hygienic protocols[28][29] 

MERS-CoV Middle East 

Respiratory 

Syndrome  

35% MERS is a zoonotic viral disease that was spotted in Saudi 

Arabia first in 2012. Dromedary camels are the reservoir of 

this virus. Though its origin is not completely known 

several genomic analyses have shown that bats have 

transmitted the virus to camels. The symptoms can range 

from asymptomatic to respiratory disease to death. Close 

contact with the infected patient may transmit the disease. 

direct and indirect contact with infected camels may also 

spread the infection. Currently, there is no vaccine and 

treatment present. But, it can be stopped by following 

general hygienic precautions[30][31] 

SARS associated 

coronavirus  

Severe Acute 

Respiratory 

Syndrome 

14-15% The disease SARS first started in China at the end of 

February 2003, then it spread to 29 other countries as well. 

The SARS virus is airborne and transmitted through small 

droplets just like influenza and cold. It was the very first 

transferable disease of the 21st century that has transmitted 

across the path of air transportation. Its incubation period 

is 2-7 days. There is no treatment and vaccine for the 

disease yet, but the outbreak can be controlled by 

containment and preventive measures.[32][33][34] 

Nipah virus  Nipah virus 

infection 

40-75% Nipah virus infection is a zoonotic disease 4-14 days and 

as long as 45 days. Fruit bats are natural reservoirs of this 

virus and the host cannot get the disease in either way if 

infected or inoculate experimentally. They are narrow 

ranged viruses that can infect dogs, cats, pigs, and humans. 

It can be transmitted from human to human directly or 

through contaminated food. the clinical manifestation 

ranges from no symptoms at all to respiratory infection 
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(acute, mild, and severe) to fatal encephalitis. Since there 

is no vaccine and treatment for this disease, therefore, the 

infection can be controlled by following preventive 

protocols i.e., using PPE and avoid consumption of 

contaminated saps.[35][36] 

Rift valley fever 

virus 

Rift Valley Fever <1%  but 

50% in 

patients 

with 

hemorrhagic 

fever 

RVF is a zoonotic disease with an incubation period of 2-6 

days. The virus belongs to the genus Phlebovirus and was 

first identified in the farm of  Rift Valley of Kenya during 

an epidemic among sheep. The infection causes death and 

as well as abortion of livestock that results in significant 

economic loss. It can be transmitted by a vector i.e., 

mosquito bite commonly Aedes and Culex, direct or 

indirect contact with organs and blood of infected animals. 

No human-human spread is reported yet. The symptoms 

can vary from mild to the severe form. There is no 

treatment for patients having mild symptoms, but general 

supportive therapy is given to patients with severe 

symptoms. A non-licensed inactivated vaccine has been 

made and is used to protect livestock and laboratory 

personal from RVF infection. But it is not commercially 

available for other applicants. Vaccinating animals is the 

only way to prevent the disease in them. Following 

protective measures to avoid mosquito bite and also using 

PPE while contacting the livestock can reduce the risk of 

deaths and human infection.[37][38][39] 

Chikungunya 

virus 

Chikungunya 9.2%  in 

2017 

Chikungunya is a mosquito-borne RNA virus that belongs 

to the genus alphavirus. It causes its first outbreak in 1952 

in Tanzania. The infection is being reported in 40 countries. 

Mosquito Aedes aegypti and Aedes albopictus are 

responsible for its transmission. Once the mosquito gets 

infected it can spread the virus for entire life. Usually, its 
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incubation period is 4-8 days, but it can range from 2-12 

days.  There is no drug treatment and vaccine for this 

infection. But clinical trials for a vaccine is going on which 

may take several years to become available for the public. 

Until then preventing oneself from a mosquito bite can 

protect people from getting the virus.[40][41][42][43][44] 

Zika virus  Zika virus disease 8.3%-10.5% Zika virus disease is a mosquito-borne disease with an 

incubation period of  3-14 days. It was first recognized in 

1947 in monkeys in Uganda. In 1952 the first human cases 

were recognized in the United Republic of Tanzania and 

Uganda. Up till now about 86 countries have been reported 

cases of zika virus disease. infection during pregnancy 

results in causing microcephaly or another congenital 

abnormality in the fetus. The virus is transmitted by the 

Aedes genus of mosquito which is responsible for 

spreading chikungunya and yellow fever as well. There is 

no treatment or vaccine for this disease. Preventing 

mosquito bite is the only way to protect oneself from this 

disease.[45][46] 

Table 2: List of pathogens that need urgent R&D attention   

4. Outbreak prognostications:  

Epidemics have disastrous consequences i.e., unhealthy condition, high death rates, economical 

loss and social destabilization. Surveillance plays an important role in identifying and retaliating 

to epidemics minimizing their disastrous consequences[47]. According to CDC (center of control 

of diseases and prevention), about 60% of human infectious disease are zoonotic diseases. The 

worst global pandemics that have occurred, all originate from animals. Just like the bubonic plague 

that arises in rats and  covid-19 that arise in pangolins  and then transmitted to bats then to humans. 

We can prevent the spread of viruses from animal to human by tracking these zoonotic diseases. 

There are some approaches used by virus trackers to pinpoint animal diseases that can spread to 

humans.[48] Those approaches are as follows:  

166

www.ijrp.org

Qandil Zahra / International Journal of Research Publications (IJRP.ORG)



 

4.1Breakout identification:  

The outbreak starts when a doctor observes  the symptoms that deviate periodically and in 

severity. At this time, the most important thing is to identify the causative agent of a 

disease. which can be done by using traditional methods (PCR, ELISA etc.), rapid 

diagnostic tests (CRISPER Cas 12/13), conventional methods (microscopy) and methods 

based on genome sequencing. Metagenomics has made it easy to detect viruses without 

having any previous information about them. The identification of virus makes us capable 

of answering some important questions like., (1) Is the virus novel? (2) Do we have 

strategies to combat it? The genomic epidemiology of the virus can provide the 

understanding of these questions more in-depth which cannot be achieved by using a 

conventional method. Phylogenetic analysis is also very important as it provides 

information about the origin of the virus, its evolutionary attributes, a link between 

previous outbreaks, the chain of transmission and possible host [8][49][50][51]. 

4.2Tracing the chain of transmission:  

The interconnection of the world leads to a wide range of disease epidemics in recent years. Most 

frequently from unforeseen sources, including  SARS and MERS coronavirus [6][7], Influenza 

virus H1N1 [52], Ebola virus [8] [53] , Zika virus [5] and now SARS-Cov2 [54][55]. The chain of 

transmission of who is infected can be determined by sequencing the viral genome. By tracking 

the chain of transmission, we can reduce the spread of the outbreak.  Traditionally this task is 

accomplished by interviewing the patients. The limitation of this technique is that it is time-

consuming, and constrained accessibility and openness of the patients. This technique cannot be 

achieved in large outbreaks. In contrary to traditional methods, the genomic-based techniques can 

provide more information in-depth, as phylogenetic analysis can link the transmission of disease 

from one incident to the next [56]. The genome sequencing method was used to determine the 

identification and transmission of foot and mouth disease in the UK [57][58][59]. Genomic data 

along with the phylogenetic analysis performs an important role in providing information about 

the sudden outburst of the Western Ebola virus which was linked to Ebola survivors. Thus, 

revealing that the virus can transmit sexually [60][61][62]. Phylogenetic tree and complete genome 

sequencing data of Covid-19 virus has provided an insight about its reservoir and interspecies and 
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human-human transmission[63]. Not any of these information has been possible without genetic 

sequencing.  The advantage of using viral genome depends on several factors that can deduce the 

chain of transmission of infection. 

1. Mutational rate of the virus. 

2. The period between the viral infection. 

3. The number of infected samples [64][65] 

Powerful tools that can reduce the amount of transmission are provided by viral epidemiological 

genomic data and provide new ways of transmission of disease [60][65][66][67]. 

4.3Outbreak mapping:  

As mentioned above, epidemiological data is very important for the detection of an outbreak as 

well as for identifying the foundation of viruses and their transmission pattern. The 

phylogeographic technique is used to construct a map about the history of viral spread from the 

place of an outbreak [65][68]. This technique plays an important role in providing information 

about the factors that are responsible for the spread of the virus. This technique depends on both 

metadata and other data\ sources that can provide information about host mobility, geographical, 

epidemiological and demographical context [65][69]. Phylogeographic analysis was used to 

identify the transmission of novel coronavirus around the globe (Fig.1)[70].The first 

epidemiological map study was performed by Dr John Snow in 1854 in a cholera outbreak. He 

used both statistical data and a map to identify the cause of the outbreak. Besides the hand depicted 

map, epidemiologists now use a graphic information system (GIS) that has increased the outbreak 

inquiry and retaliation. Moreover, can portray complex information to the decision-maker and 

public simply and effectively [71].                                                                                                                                                                                                 
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Figure 1: Spread of covid-19; determining the chain of transmission of covid-19 around the 

different region of the world . Data retrieved from WHO [19]. 

5. Response to an outbreak:  

When an outbreak occurs the first response is to minimize its spread. There is a task force that 

works with health organizations and try their best to stop the next outbreak in the world [72]. 

Genomic epidemiology is used to provide intervention strategies for infectious disease. By using 

metadata, accurate sampling and statistical context, the genome of a pathogen shows its method of 

transmission in an outbreak. Therefore, allowing to development of the targeted intervention [55]. 

WHO provides a response system to affected countries. The resources needed for this response 

system is taken from WHO and Global Outbreak Alert and Response Network (GOARN). The 

GOARN teams are trained to reach the place of an outbreak within 24 hours. Since 2000 this 

international response system has been introduced in Afghanistan, Bangladesh, Burkina Faso, Cote 

d’Ivoire, Egypt, Ethiopia, Gabon, Kosovo, India, Pakistan, Republic of Congo, Saudi Arabia, 

Sierra Leone, Sudan, Tanzania, Uganda, and Yemen [73].  

6. Preventing upcoming outbreak: 

 The threat of infectious disease is increasing every day, some of these diseases have re-emerged 

while some of them are novel. These diseases can cause massive destruction to areas having limited 

health resources and where appropriate detection is difficult [74] The disease can occur with a 

simple non-noticeable symptom but gradually it causes an epidemic and then pandemic. To 

prevent the world from the further infectious outbreak, some control measures should be followed.  

6.1Non-drug treatment:  

Non-drug treatment is the simplest control measure one can perform. It not only acts as the first 

line of defence but also is the only intervention when there is no other treatment available. It 

includes the basic hygienic protocols like washing hands, avoid socializing etc. This method is 

very effective in controlling the spread of contagious infections. Unluckily, these methods do not 

always work. If someone is attacked by an infectious disease, he should seek medical help. The 

Sooner the disease fades away, the easier it would be to control its spread.  

6.2Quarantine:  

  When an infectious disease is detected, it is important to control its spread.  The technique used 

to interfere with the chain of transmission is to separate the infected individual by quarantining 

him. During an outbreak, CDC has federal authority to call for quarantine. They have the authority 
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to close all the public areas to stop the spread of an outbreak. For example, in the case of novel 

coronavirus all the public places were called for lockdown [75][76]. 

7. Conclusion:  

Zoonotic diseases have now become a threat to the world. Most of the 21st-century epidemics and 

pandemics occur due to zoonosis majorly involving viruses. These viruses are so small yet they 

can bring an apocalypse. Whether it is bubonic plaque or novel coronavirus, these apocalyptic 

microbes especially viruses have created a havoc. Due to various modern  medical techniques a 

lot  has changed which has rendered some of the disease agents weak to cause an outbreaks. 

Agencies like WHO and CDC all over the world are working hard to find a way to control these 

killer infectious diseases that have the potential of causing a pandemic. But it is not only the job 

of agencies to perform this task. Every human being should play their role to stop and prevent the 

existing and future outbreaks. Our community has a lack of knowledge, most of them do not know 

about the severity of the infectious disease. Government should start awareness campaigns to 

educate the public about the severity of infectious agents. The public should follow all the control 

measures they are asked to follow. The scientific community is already trying their best to protect 

us from these infectious agents. Day by day development in medical technology helps to improve 

the chances of living a healthier life. But is there any possibility that anthropogenic activities might 

be a reason for more outbreaks now than ever? 
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