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All over the world, millions of people are suffering from the repeated 
emergence of zoonotic diseases. The latest pandemic of Covid-19 also 
emerged from wild animals and was transmitted via an intermediate 
animal host to humans. Possibilities of the intentional use of zoonoses 
as bioweapons cannot be ignored and it poses a threat to global bio-
safety and biosecurity. This review discusses the nature and types of 
zoonotic diseases and the link to human activities of wildlife poaching 
and trafficking. It is estimated that about billions of currencies are spent 
by nations annually due to these diseases and millions of people dye as 
a consequence of zoonotic diseases. In this article, we reviewed on the 
past and present zoonotic diseases and transmission through natural, 
accidental and deliberate modes. This review addresses the impact 
of human vs. wildlife conflict in emerging zoonotic diseases, focusing 
on bioterrorism activities. The objective of the present review was to 
highlight the significance of advanced forensic science technologies 
for the detection and prevention of the future zoonotic outbreaks of 
the suspected bio crimes and wildlife crimes.

Keywords: Covid-19, Epidemiology, Zoonotic Diseases, Wildlife, 
Forensics

Introduction
Zoonosis is an infectious disease that can be transmitted 
from animals to humans with or without vectors, resulting 
in high morbidity and mortality rates.1, 2 Every year, millions 
of deaths occur because of zoonotic transmission. Global 
zoonotic disease transmission adversely affects public 
health and the global economy.3, 4 The emergence of a new 
zoonotic disease is unpredictable; therefore, investigation 
at the sign of the first emergence is crucial. Factors that 
may lead to new zoonotic diseases are mutation, natural 
selection, evolutionary progression, ecological and climatic 

changes, etc.5 Urban dry lands and wetlands continue to 
be exploited by human activity and natural disasters78, 
Along with the intensification of wildlife trade have caused 
alterations in native habitats and forced animals to live 
proximate to human habitations. 

The latest zoonotic pandemic, Corona Virus Disease 2019 
(COVID-19), is believed to be related to a human-animal 
interface. Covid-19, declared a pandemic on 30 January 
2020, spread to over 216 countries and territories. The 
disease causative agent was established as a member 
of the coronaviridae family, which was named by the 
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WHO as “2019-novel coronavirus (2019-nCoV)” and was 
referred to as COVID-19. Later, the International Virus 
Taxonomy Committee (ICTV) called this new virus “SARS-
CoV-2” (3). Coronaviruses are positive RNA viruses, have 
a wide variety of animal hosts; they can cross the species 
barrier. Instability of replicase enzyme, RNA-dependent RNA 
polymerase, poly-basic furin cleavage site, and O-linked 
glycan’s, lack of proofreading mechanism, a higher rate 
of spike gene RBD mutations, and genetic recombination 
are the key reasons behind the emergence of new CoVs 
and their wide host range (3,6,7). HKU1, NL63, OC43, 229E, 
SARS-CoV, SARS-CoV-2, MERS-CoV are seven coronaviruses 
that infect humans.

Methods 
Eligibility and exclusion criteria for the literature 
search

This systematic analysis omitted non-zoonotic microbial 
diseases. Scholarly work was collected from five databases 
until September 15, 2020, including Google Scholar, Scopus, 
Web of Science and Science Direct. Microbial diseases other 
than zoonotic were excluded from this systematic review. 
This analysis included original studies, review papers, and 
case reports.

Data Screening 

Related full-text papers were accessed on databases 
applying microbial disease exclusion criteria other than 
zoonotic. The abstracts of the articles sorted were read to 
assess their relevance to the purpose of the current research 
focusing on anthropogenic exploitation as the causative 
factor for the emergence and re-emergence of new zoonotic 
diseases, various aspects of animal reservoirs of zoonotic 
diseases, and role of forensics in prevention measures and 
possible research. If found apt, the introduction and/or 
results sections were further scrutinized to ensure that the 
sorted articles met the exclusion criteria and the purpose 
of the research. Those articles that did not relate directly 
to zoonotic diseases, thereby not meeting the eligibility 
criteria and purpose of the present study were expressly 
excluded. 

Results and Discussion
Zoonotic outbreaks may occur either naturally or by 
deliberate acts of bioterrorism or bio crimes.8-10 Efficient 
animal and human surveillance are crucial steps towards 
early detection and potential prediction of new infectious 
zoonotic diseases.5 When zoonotic diseases begin to appear 
unknown, human and animal authorities are needed to 
identify, monitor and prevent emergencies of public 
health.11, 12 Surveillance of pathogens harbouring wildlife 
species and regions are important to detect and avoid 
possible future pandemics.13, 15

Animals: Zoonotic Reservoirs

New pathogenic zoonotic diseases conquer a hierarchical set 
of barriers to adapt effectively to fluctuating environments.15, 

16 Both domestic animals and wildlife can be the primary 
hosts of zoonotic diseases (3).3 Animal-based food intake 
raises the risk of zoonotic disease transmission.17, 18 
Retroviruses including simian immunodeficiency virus ( 
SIV), simian T-lymphotropic virus (STLV) and simian foam 
virus (SFV) are transmitted to humans through captive 
harvesting of non-human primates (NHP), bushmeat, and 
NHP exposure.19-21

Bats are flight mammals and act as excellent virus reservoirs 
since viruses survive asymptomatically in bats.22 Bats are 
eaten as food in many countries.23, 24 Bats have a migratory 
capacity, which increases the possibility of disease 
transmission. Viruses arising from bats and presenting 
a threat to human health include bat lyssaviruses, CoVs, 
Henipa viruses and filoviruses.15 Transmissions of the bat-
to-human disease can occur directly or indirectly. Direct 
transmission can occur through interaction with infected 
bat or can occur through intermediate hosts such as civet 
cats, camel, etc.25, 26 Hindra viral attack and nipah viral 
spread show that environment sharing with bats promotes 
disease transmission. Hindra viral attack in East Australia 
was transmitted from horses, serving as primary hosts for 
bats in the same area. Similarly, pigs were the intermediate 
host of Nipah viral spread in Malaysia, a viral spillover 
from bats.27

SARS-CoV and MERS-CoV were transmitted by bats 
and caused high mortality outbreak in 2003 and 2012, 
respectively.3 SARS-CoV in China, originating from bats, 
entered humans via masked civets, serving as intermediate 
hosts. MERS, the coronaviruses in Saudi Arabia spread 
from bats and the virus entered humans via the camel, 
serving as an intermediate host. Consumption of raw 
milk and camel meat and contaminated camel exposure 
allowed transmission to humans. Bats are the main source 
of COVID-19 zoonotic spill-over, as SARS-CoV-2 reveals 96 
per cent of genome-level bat CoV. A suspected intermediate 
animal host pangolin may have transmitted SARS-CoV-2 
to humans. Pangolins are nocturnal, insect-eating rodents, 
the world’s most trafficked species for food and traditional 
medicine.25, 28, 29 Increased demand for pangolins leads to 
illicit trade and over-exploitation of pangolins may lead 
to its extinction.30 Pangolin’s different parts (scales, bone, 
head, and meat) are used for various purposes including 
spiritual protection, rheumatism, infertility, seizures, food, 
skin diseases, and digestive problems. Pangolins are the 
natural hosts of beta coronavirus, genetically linked to bat 
coronavirus.23, 24, 31-34

Lymphocytic choriomeningitis and rat-bite fever are serious 
zoonotic diseases found worldwide.35 Several wildlife 
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zoonoses are transmitted by insect mosquitoes, such as Rift 
valley fever, equine encephalitis, and Japanese encephalitis. 
Zoonotic agents can also be transmitted by consuming 
meat from infected carcasses or drinking polluted water.13

Rabies virus is primarily transmitted through dog bites and 
high-risk infections of Bartonella hensla and Pasteurella 
multocida occur by cat bite and scratches.2, 36 Pet birds are 
possible carriers of human-impacted zoonotic diseases such 
as chlamydophilosis (parrot fever), campylobacteriosis and 
salmonellosis.2, 37 Transmission of horse zoonoses involves 
oral, inhalation, and skin contact, often causing human 
and equine death.38 Some major life-threatening zoonotic 
diseases and epidemiology are mentioned in Table 1.

Table 1 indicates that viruses are the main agents 
transmitting zoonosis. Viruses contain no genetic code set 
and cannot reproduce alone. They infect the host cell for 
replication and rapidly mutate.39 Studies of zoonotic virus 
emergence and its dissemination are incomplete. Bacteria 
are another agent transmitting disease. Antibiotics help 
minimize the risk of bacterial zoonotic outbreaks, though 
antibiotic resistance remains a major global concern.40, 41 
Parasitic worms like Helminths and obligatory intracellular 
parasites like protozoans are another group of dreadful 
disease-causing agents.42, 43 Urbanization, agricultural 
conversion, deforestation and habitat degradation have 
led to an increase in the emergence and spread of such 
new pathogens.35

Table 1.Description of some of the potential zoonotic outbreaks and its epidemiology76

No Disease Pathogen Animal host Mode of transmis-
sion

Year of 
emergence 
and origin 
of country

Symptoms Fatality 
rate

1 Influenza Influenza A 
virus

Horses, pigs, 
domestic and 

wild birds, wild 
aquatic mam-

mals and farmed 
carnivores

Droplets transmitted 
through air 1918, Italy

fever, runny 
nose, sore 

throat, muscle 
and joint pain, 

headache, 
coughing, and 
feeling tired

2

Crimean-
Congo 
hemor-
rhagic 
fever

Crimean-
Congo haem-
orrhagic fever 

orthonairo-
virus

Cattle, goat, 
sheep, rat, birds

Tick bites, contact 
with body fluids

1944, 
Africa

fever, muscle 
ache, dizziness, 
neck pain, back-
ache, headache, 

sore eyes and 
photophobia

10-40%

3

Ebola 
virus 

disease 
(EVD)

Ebola virus 
species

fruit bats, por-
cupines and 

non-human pri-
mates

direct contact with 
the blood, secretions, 
organs or other bodi-

ly fluids of infected 
people

1976, cen-
tral Africa

fever, fatigue, 
muscle, pain, 

headache, and 
sore throat

25-90%

4
Hendra vi-
rus (HeV) 
infection

Hendra virus Bat and horses
respiratory secre-

tions, blood or other 
body fluids

1994, 
Australia

mild influen-
za-like illness to 
fatal respiratory 
or neurological 

disease

70%

5 Lassa fe-
ver

Lassa fever 
virus rodents

exposure to food or 
household items con-
taminated with urine 
or faeces of infected 

Mastomys rats

1969, 
Nigeria

fever, general 
weakness and 

malaise
15%

https://en.wikipedia.org/wiki/Fever
https://en.wikipedia.org/wiki/Rhinorrhea
https://en.wikipedia.org/wiki/Rhinorrhea
https://en.wikipedia.org/wiki/Sore_throat
https://en.wikipedia.org/wiki/Sore_throat
https://en.wikipedia.org/wiki/Myalgia
https://en.wikipedia.org/wiki/Myalgia
https://en.wikipedia.org/wiki/Headache
https://en.wikipedia.org/wiki/Cough
https://en.wikipedia.org/wiki/Fatigue_(medical)
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6
Marburg 
virus dis-

ease

Marburg 
virus Rousettus bat

blood, secretions, 
organs or other bodi-

ly fluids of infected 
people, and with sur-
faces and materials 
contaminated with 

these fluids

1967, 
Germany 

and Serbia

high fever, se-
vere headache 

and severe 
malaise Muscle 

aches

88%

7

Middle 
East re-

spiratory 
syndrome

MERS coro-
navirus Bats and camel Close contact

2012, 
Saudi 
Arabia

fever, cough and 
shortness of 

breath
34.4%

8 Monkey 
pox virus

Monkey pox 
virus

Gambian 
poached rats, 

dormice, differ-
ent species of 

monkeys

bodily fluids, lesions 
on the skin or on 
internal mucosal 

surfaces, such as in 
the mouth or throat, 
respiratory droplets 
and contaminated 

objects

1970, cen-
tral and 
western 

Africa

fever, cough, se-
vere headache 1-15%

9
Nipah vi-
rus infec-

tion
Nipah virus Bats and pigs

contaminated food 
or directly between 

people

1999, 
Malaysia

acute respira-
tory illness and 
fatal encepha-

litis

40-75%

10 COVID-19 SARS-CoV-2 Suspected: Bats 
and pangolins

small droplets from 
the nose or mouth

2019, 
China

Fever, throat 
pain, respiratory 

problems

11 Plague Yersinia pes-
tis bacteria

small mammals 
and their fleas

bite of infected fleas, 
through direct con-
tact with infected 

materials, or by inha-
lation

1990, 
Africa

fever, chills, 
aches, weak-

ness, vomiting 
and nausea

30-60%

12
Rift Valley 

fever 
(RVF)

 
Phlebovirus Rats and mice Bites of rats, urine 

and mucus secretions
1931, 
Kenya

flu-like fever, 
muscle pain, 

joint pain and 
headache

>1%

Anthropogenic Activity: Zoonoses

Wildlife activity threatens human health by transmitting 
infectious diseases to humans.13 Overall, 60% of emerging 
infectious diseases are zoonotic, 75% of which emerged in 
animals: 30 new human pathogens have been identified in 
the last three decades.44 Wildlife zoonoses represent broad 
transmission range. For example, Francisella turarensis is 
transmitted by skin contact with infected or dead mice 
and rodent to human Hantavirus transmission occurs by 
rodent excreta aerosols in the dust.13

Wet markets are used to trade wildlife animals like palm 
civets, ferrite badgers, barking deer, wild boars, hedgehogs, 
foxes, squirrels, bamboo rats, gerbils, different types of 
snacks and even domestic dogs, cats, rabbits.3, 19 The live 

animal market encourages inter-species communication, 
which enhances the transmission of zoonotic infectious 
diseases. Wildlife trade survey found that a single market in 
northern Sulawesi, Indonesia, sold up to 90,000 mammals 
per year. Similarly, Thailand’s single market sold 276 bird 
species (>70,000) for 25 weekends. Like above, Bangkok sold 
36,537 birds from 4 markets. Annual wildlife consumption 
in Central Africa is approximately one billion kilograms 
per year, while in the Amazon Basin it ranges from 67 to 
164 million kilograms. Tens of millions of wild animals are 
transported from East and Southeast Asia.6, 7, 23, 24, 46 Huge 
wildlife and wildlife imports are allowed in the United 
States. Approximately 1.2 billion live wildlife and 25 million 
kilograms of -live wildlife are transported annually in the 

https://en.wikipedia.org/wiki/Phlebovirus
https://en.wikipedia.org/wiki/Phlebovirus
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US.19, 47 Permanent wildlife trade ban is no solution, as it 
is likely to increase illicit wildlife trade.3

Trade of wildlife and consumption in Asian countries is 
excessive.27, 48 Hunting, selling, and bush meat butchering 
encourage new zoonotic diseases. Wildlife farms have 
emerged in China for growing wildlife from peacocks to 
civets, food and medicine.49, 50 These animals are restricted 
to small spaces in close and regular physical contact 
with humans, where pathogens can easily spread.51 The 
popularity of traditional Chinese medicines also leads to 
legal and illegal wildlife trade.25

Zoonotic Agents: Bio crime and Bioterrorism

Zoonotic pathogens are used as bioweapons to commit 
acts bioterrorism and bio crimes, causing death or crippling 

diseases; most of them are aerosolized and can be spread 
in large areas.60 Centre for Disease Control and Prevention 
(CDC) classifies bioterrorism agents into three classes: Types 
A, B and C. Class A pathogens are priority bioterrorism 
agents, 80% of which are zoonoses.62 Smallpox is the only 
disease in the ‘Class A list of CDC’ that is now ineffective 
due to active worldwide vaccination campaigns in the 
late 1970s. Common zoonotic agents used in bio-warfare 
programs include anthrax bacteria, plaque, brucellosis, 
cryptosporidiosis, Q-fever, viral equine encephalitis, etc. 
Aerosol sprays are one of the most possible bioterrorism 
methods, as they quickly spread and infiltrate bronchioles 
and alveoli.63 Table 2 indicates the Type A pathogens 
defined by the Centre for Disease Control and Prevention.

Table 2.CDC category A high sequence of pathogens and toxins77

Disease Pathogen Incubation period Mortality

Anthrax Bacillus anthracis 1-6 days
20% for cutaneous anthrax, 25 - 75% for 
gastrointestinal anthrax, 80% 0r higher 

for inhalation anthrax
Botulism Clostridium botulinum toxin 2 hour to 10 Days 5-10%
Plague Yersinia pestis 1-6 days 30-60%

Smallpox variola major 4-19 days 3% if vaccinated, 30% if unvaccinated

Tularemia Francisella tularensis 1-25 days 4-50% without treatment, 1% with 
treatment

Filoviruses 
haemorrhagic fevers

Ebola virus 2-21 days 25-90%
Marburg virus 2-21 days 24-88%

Arenaviruses 
hemorrhagic fevers

Lassa virus 6-21 days 1%
Machupo virus 1-2 weeks 25-35%

The key reasons behind the use of zoonotic agents as 
bioweapons include (1 ) high morbidity and lethality (2) 
highly infectious or toxic (3) capable of mass production 
and storage before distribution without loss of pathogenic 
efficiency (4) ideal for long-term environmental sustainability 
after transmission (5) and (6) capable of genetic engineering 
and weapons. Advancing life science technologies promote 
the production of state-run biological weapons. The United 
States of America and the Soviet Union have produced 
various bioweapons to kill or incapacitate humans and 
destroy crops and livestock through government-sponsored 
biological warfare. Recent advances in molecular biology 
and genetic engineering have allowed genetically modified 
zoonotic agents to be produced, which are more virulent and 
difficult to control upon outbreak.68 Some extremist groups 
may have experience with such technologies, resulting in 
substantial global danger.67 Technological developments, 
however, also improve our ability to investigate an event 
and locate the cause.

During World War II, japan used enemy zoonotic 
bioweapons.71 The U.S. military built a bioweapon arsenal 
capable of triggering deadly zoonotic diseases such as 
Anthrax, Brucellosis, Q fever, Tularaemia and Equine 
Encephalitis. Other human-made outbreaks of zoonotic 
diseases are the spread of plague-contaminated fleas 
by Japanese troops in Manchuria and China, supplying 
blankets from smallpox victims to Native American Indians, 
catapulting manure using bodies of dead plague victims or 
cattle into besieged cities.65, 66 In 1972, 170 nations signed 
the Biological and Toxin Weapon Convention to ban the 
use of biological agents in warfare.10

Zoonotic agent-driven bioterrorism adversely affects our 
biodiversity, endangering different species populations.68, 

69 Factors contributing to the extinction of endangered 
and threatened species include relatively small population 
size, inbreeding depression, and exotic disease organism 
exposure.73 Most recent bioweapons are wide-spectrum 
zoonotic diseases that can cause high mortality and 

https://www.cdc.gov/anthrax/
https://www.cdc.gov/plague/
https://www.cdc.gov/smallpox/
https://www.cdc.gov/tularemia/
https://www.cdc.gov/vhf/virus-families/filoviridae.html
https://www.cdc.gov/vhf/virus-families/arenaviridae.html
https://www.cdc.gov/vhf/lassa/index.html
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morbidity in various animal species as well as humans.70, 

71 West Nile virus (WNV) emergence in North America in 
1999 is the possible example of bioweapon disease dispersal 
capabilities. WNV-transmitted mosquito dispersion is 
difficult to detect and monitor and can be lethal to humans, 
birds and mammals.68, 72 Canine distemper, a viral disease 
of domesticated dogs, was grown and tested in bioweapon 
laboratories making it vulnerable to wild carnivores. 
Decline and disappearance of black-footed ferrets in 
North America’s Great Plain area were caused by Canine 
distemper effects. Control programs culminated in wildlife 
eradication. Rabies prevention systems suggest adverse 
effects on non-target animals including red fox, jackals, and 
raccoons.74 Improved interagency and intergovernmental 
coordination, cooperation, and partnership mechanisms are 
required to address the threat of outbreaks of bioweapon 
disease. Failure to arrest this hazard poses several hazards, 
including erosion.

Role of Forensic Investigation in Zoonosis Outbreaks

Forensic science plays a special role in bioterrorism 
investigations from the crime scene to court.55 Like 
epidemiological research, forensic investigations may 
distinguish between natural, unintended, or purposeful 
causes of a pathogenic outbreak. One example of zoonotic 
bioterrorism is ‘Anthrax Letters’ in the USA in 2001, 
resulting in fewer deaths and decreased disease spread. A 
successful forensic analysis method from sample collection 
to interpretation was performed and the findings concluded 
that a top defence researcher Ivins was the source of spores 
in Anthrax letter66 in government biodefense laboratories.

Microbial forensics is an emerging forensic science scientific 
discipline that connects microbiology and forensics 
dedicated to analysing evidence from bioterrorism, bio 
crime, and hoaxes.53 Microbial forensic organisations have 
started to set up research teams explicitly to investigate 
forensics of infectious outbreaks, Anthrax outbreak 
control was one such milestone in microbial forensics.52 
Success stories of microbial forensic investigations include 
identifying the source of HIV transmission in Florida by 
sequencing PCR-amplified viral genes, and equally daunting 
research into the sudden outbreak of West Nile Virus in 
the northern US in 1999 identified a dead goose in Israel 
as the source of virus.56 Many forensic science labs still lack 
biosafety level 3 or 4 containment facilities, and forensic 
scientists are not qualified in microbiology practices to 
handle dangerous pathogens. A collaborative program with 
expert and well-equipped microbiology labs and forensic 
science experts can be an excellent forum for such research. 
Establishing an appropriate forensic method will go a 
long way in improving bioweapon protection.8 Advanced 
technologies of IT in the illicit production and procurement 

of hazardous materials in a supply chain management can be 
effectively utilized for the prevention of bio crime attacks.82 
Cities becoming smarter, providing digital forensics with 
real-time information sources, with the aid of AI, data 
collected can be used to track the illegal activities of bio-
research facilities.78 Centralized RFID and IOT sensor-based 
bioresearch specimen tracking devices and consumables 
connected with national security systems.77 AI and Big data 
can be used to solve environmental threats associated 
with illegal wildlife trafficking, in particular geography.78

Several advanced molecular techniques including 
molecular phylogeny, whole-genome sequencing, 
microarray analysis and DNA sequencing are used in 
microbial forensic investigations to distinguish molecular 
differences between microbial strains. Microarray research 
plays a crucial role in microbial forensics and is used to 
study community composition, species development, 
and virulence acquisition. In forensic studies, applying 
molecular biomarkers can lead to important revelations. 
With molecular techniques, MALDI-TOF uses lipid profiling 
and complete proteome analysis to identify molecular 
signature.68 MALDI-TOF is the matrix-assisted laser 
disruption ionization-time of flight-mass spectroscopy used 
to get fast results from the sample regarding biomarker 
recognition, subtyping and direct detection. Two main 
molecular biology techniques used in forensic investigations 
are polymerase chain reaction (RT-PCR) and PCR (rep-PCR) 
repetitive components. RT-PCR provides high throughput, 
sensitivity, specificity and resolution while rep-PCR is less 
widely used but more general in application, useful in 
characterizing evidence when genomic signatures are 
not clear.75 Advances in microbial forensics are crucial to 
pursuing bio-criminal security. Global alliances and political 
decisions play a key role in effective control systems.8

Conclusion
The review discusses the various natural, accidental 
and deliberate zoonotic diseases and its impact of the 
global health, and economy were discussed in the contest 
bioterrorism. Forensic technologies lend promise to the 
future of disease surveillance and detection of zoonotic 
outbreaks linked with bio crimes. Additionally, rapid point-
of-care diagnostic tests for zoonotic infections can be useful 
during wildlife investigations. Accessibility of these tests 
to a forensic technician can aid in the rapid diagnosis of 
existing and emerging infectious diseases of the wildlife 
animals and parts. Collaborative approaches of Public 
Health, Animal Health, Forensic science and Molecular 
Biology and digital technology can effectively use for the 
ground-level surveillance of confiscated wildlife products 
and parts involve investigation of wildlife crimes. Chain of 
custody, collection of evidence, adequate planning, public 
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health surveillance and communication between health 
practitioners and the general public is therefore important 
for the prevention and control of disease outbreaks.
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