
April  2023

Infections at the human/animal interface: 

shifting the paradigm from rapid detection and 

response to prevention at the source
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Breaches in species barrier: 

emerging infections in humans

Infection Animal  linked         Year infection    
to transmission       first reported

Ebola virus                    Bats                          1976

HIV-1                                    Primates                   1981 

E. coli O157:H7                   Cattle                      ` 1982

Borrelia burgdorferi           Rodents 1982

HIV-2 Primate 1986

Hendra virus Bats                           1994

BSE/vCJD Cattle 1996

Australian lyssavirus         Bats 1996

Influenza A (H5N1 ) Chickens                   1997

Nipah virus Bats 1999

SARS coronavirus Palm civets                2003

Zika virus Monkey 2007

Influenza A (H1N1) Swine 2009  

MERS coronavirus Bat/ Dromedary         2012

Influenza A (H7N9)             Poultry                       2013

SARS coronavirus 2          Bats                            2019 

http://images.google.co.uk/imgres?imgurl=http://www.topnews.in/files/flu_4.jpg&imgrefurl=http://www.topnews.in/tour-operators-complain-setback-tourism-industry-due-swine-flu-2206890&usg=__79Gn6ttzH1dbZ8TW1D-dqkWBk74=&h=312&w=468&sz=44&hl=en&start=20&tbnid=-vPPH6qrp_Q5oM:&tbnh=85&tbnw=128&prev=/images?q=swine+industry&gbv=2&ndsp=18&hl=en&sa=N&start=18
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Human Coronavirus Infections

Source:. Corman VM, Muth D, Niemeyer D, Drosten C. Hosts and Sources of Endemic Human Coronaviruses. Adv 

Virus Res. 2018;100:163–188.
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Molecular clock analysis of the spike gene 

sequences of BCoV and HCoV-OC43 

Time of most recent common ancestor 

a) Linear regression

b) Maximum likelihood

c) Bayesian coalescence

Vijgen L, et al. J Virol. 2005;79(3):1595-604.
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Russian influenza pandemic, 1889 - 1893

• 1 million deaths worldwide

• Neurological symptoms (not consistent with influenza) 
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Human Coronavirus Infections

Source:. Corman VM, Muth D, Niemeyer D, Drosten C. Hosts and Sources of Endemic Human Coronaviruses. Adv 

Virus Res. 2018;100:163–188.
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SARS CoV1: emergence 2002
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SARS China, 2002 - 2003
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SARS: international spread from Hong Kong,

21 February, 2003 
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SARS: Hotel M, Hong Kong, 21 February, 2003 

Source: CDC/WHO
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SARS: international spread from Hong Kong,

21 February, 2003 
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SARS 2002-2003: worldwide spread

Source of reports: WHO
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SARS by date of onset worldwide, 

1 March – 27 June 2003
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SARS, nosocomial transmission, 

Singapore 2003 
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SARS-like coronavirus antibody in civet cats, 

Guangdong Province, China

Source: Tu C, Crameri G, Kong X, Chen J, Sun Y, Yu M, et al. Antibodies to SARS-Coronavirus in Civets. Emerg Infect Dis. 2004;10(12):2244-2248. 
https://doi.org/10.3201/eid1012.040520
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SARS-like coronavirus antibody, wet markets, 

Guangdong Province
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Reported COVID-19: weekly cases and deaths 

(2020-2023)

Source: WHO
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Translation of research findings into action

• China response: forbid sale of live wild animals

• One health response:

• Clean up wild animal farming and markets

• Educate live animal market handlers

• Educate population

• Develop and use veterinary vaccines

• Stronger infection and control in healthcare facilities and 

laboratories
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MERS Coronavirus: emergence 2012
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MERS CoV, initial reported cases, 2012 - 2014

Source: ECDC
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Initial international spread, MERS Coronavirus, 

ECDC, 2012 - 2014

Source: ECDC
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Nosocomial outbreak MERS Coronavirus, 

Korea, 2015 

Source:: Ministry of Health South Korea
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MERS Coronavirus:

continued emergence to humans

Source: Killerbey::Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 26, No. 2, February 2020 
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MERS Coronavirus worldwide, September 2016
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Outbreaks and pandemics at the human/animal 

interface

• Humans are often the sentinel population for 

infections in animals

• Outbreaks cause human sickness and death

• Outbreaks cost economies and each sector 

including animal and human health

• The extent of economic burden in the animal health 

sector depends on whether emergence is one time, 

or periodic and leads to culling
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Swiss cheese analysis:

shifting the paradigm to prevention at the source

Emergence of 

coronavirus

James Reason: BMJ 2000;320:768-770 

Wild animal 
farming

Population 

understanding

Wild animal 
markets

Infection prevention 
and control healthcare 
and laboratories

http://www.bmj.com/cgi/content/full/320/7237/768/Fu2
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• Current paradigm: rapid detection and response
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Bovine spongiform encephalopathy
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Culling cattle with Bovine Spongiform Encephalopathy,

UK, 1990s 
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Human prion-associated disease

Kuru Creutzfeldt-Jakob Disease
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BSE: precautionary measures
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BSE in humans:

variant Creutzfeldt-Jakob Disease (v-CJD)

• Age: 29 (16-52) 

• Symptoms: psychiatric symptoms 

early stage

• Duration: 24 months (9.5-38) to death

first identified 1995/1996
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Animal waste

recycled

Animal Feed

Gelatin
Tallow, animal fats

Salvage

The great recycling, late 1980s

Various extracts
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Certification of smallpox eradication,1980

Fenner F et al.. Smallpox and its Eradication. World Health Organization 
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Human monkeypox 1970: identification of a new infection in 

humans

World Health Organization photo library
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Human monkeypox 1958 – 1979: Congo basin clade (Clade I)*              

First identified: captive (laboratory) monkeys, 1958, Copenhagen                                                       
Case investigations 1970 – 1979: 
– sporadic West and Central Africa (n=48)
– 72% of cases animal contact
– 3 generations transmission  maximum,                                                  

occurred in 8% of outbreaks
– case fatality 10%,  some  facial scarring
– primary cases rare over 15 years of age 
– most secondary/tertiary infections  in                                            

unvaccinated parent or  sibling 
– Smallpox vaccination protected against                                                          

infection

– Question: will human monkeypox fill the epidemiological niche left by 
smallpox as smallpox vaccination coverage decreases?

Jezek Z, Grab B, Szczeniowski M, Paluku KM, Mutombo M. Clinico-epidemiological features                                                                                                     of

monkeypox patients with an animal or human source of infection. Bull World Health Organ. 1988;66(4):459–464.

* Likely Clade I
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Confirmed, probable and/or possible human monkeypox 

cases 1970-1979

The changing epidemiology of human monkeypox—A potential threat? A systematic 

review - PMC (nih.gov)

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8870502/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8870502/
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Human monkeypox, clades 1 and 2

Viruses 7(4):2168-2184 
DOI:10.3390/v7042168

12

https://www.researchgate.net/journal/Viruses-1999-4915
http://dx.doi.org/10.3390/v7042168
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Age of human monkeypox infections by year, 1970 – 2019 (horizontal lines represent 

weighted median)

The changing epidemiology of human monkeypox—A potential threat? A systematic rev iew - PMC 

(nih.gov)

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8870502/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8870502/
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Confirmed, probable and/or possible human 

monkeypox cases 2010-2019 

The changing epidemiology of human monkeypox—A potential threat? A systematic 

review - PMC (nih.gov)

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8870502/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8870502/
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Human monkeypox (Mpox), 2022
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Suspect and confirmed human monkeypox 

infections, 1970-2019

The changing epidemiology of human monkeypox—A potential threat? A 

systematic review - PMC (nih.gov)

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8870502/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8870502/
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Infections at the human/animal interface 

• To shift the paradigm from rapid detection and 

response to prevention at the source:

• Identify and block the risks/think of Swiss Cheese

• Learn from the past and translate to the future

• Work together in the human, animal and 

environmental sectors
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• A shift to prevention at the source can be made 

with understanding of risk factors, innovation and 

working across sectors
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Encephalitis among pig famers, Malaysia,                                              

1998-1999

Source: Chua KB,  Journal of Clinical Virology, April 2003
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Encephalitis outbreaks, humans,

1998 - 1999
Dates Location No. cases No. deaths CFR(%)

1998-1999

1999

Malaysia;

Singapore 

265

11

105

1

40

9

2001 W. Bengal, India 66 45 68

2001 Bangladesh 13 9 69

2003 Bangladesh 12 8 67

2004 Bangladesh

Bangladesh

29

36

22

27

76

75

2005 Bangladesh 12 11 92

2007 W. Bengal, India 5   5 100

2007

2008

Bangladesh

Bangladesh

15

11

8  

6

54

54
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Japanese encephalitis
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Discovery of Nipah virus, paramyxovirus, 

Malaysia,1998 
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Nipah virus (emergence 1999): presumed transmission 

chain, Malaysia

Fruit bat Domesticated swine

Human
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Nipah virus outbreaks, humans,

1998 - 2008
Dates Location No. cases No. deaths CFR(%)

1998-1999

1999

Malaysia;

Singapore 

265

11

105

1

40

9

2001 W. Bengal, India 66 45 68

2001 Bangladesh 13 9 69

2003 Bangladesh 12 8 67

2004 Bangladesh

Bangladesh

29

36

22

27

76

75

2005 Bangladesh 12 11 92

2007 W. Bengal, India 5   5 100

2007

2008

Bangladesh

Bangladesh

15

11

8  

6

54

54
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Changing Nipah virus epidemiology:  

Bangladesh and India 2001 - 2008

✓ Human-to-human transmission first suspected 2001, 

hospitalised patients, India

✓ Human to human transmission suspected again in 2003, 2005, 

and 2007, Bangladesh in close family members and hospitalised

patients 

– no cases could be linked to direct pig exposure

– known that fruit bats carried Nipah virus

– one potential exposure to bat guano: palm sap collector
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Palm sap collector, Bangladesh
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Preventing Nipah Virus emergence:

hypothesis generation 

Fruit bat Bat guano palm sap Palm sap ready to drink

https://en.wikipedia.org/wiki/File:Toddy_Bottle_and_Glass.jpg
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Courtesy: Dr Shovon Shazzad, Dr Salah Uddin Khan, and Dr Steve Luby, ICCDR,B and Stanford University.

Assessing the risk/testing the hypothesis



April  2023 Courtesy: Dr Shovon Shazzad, Dr Salah Uddin Khan, and Dr Steve Luby, ICCDR,B and Stanford University.

The risk is plausible through the food chain
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Nipah virus transmission from bats to humans from date palm sap, 

December 2010 – March 2014  

• 15 clusters Nipah infection identified by hospital 

surveillance

• 3 clusters investigated: 14 cases, 8 of whom died

• 8 drank fermented palm sap regularly

• 6 provided care to infected patient in home or hospital

Source: Islam MS et al, EID Volume 22:4, April 2016



Precautionary measure: community understanding of importance to 
cover the collection containers

Community agriculture meeting
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