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The Untold Stories Of The National 
Microbiology Laboratory: 

Innovations to keep ahead in the evolutionary struggle 
with the microbial world  



 
• Emerging infections are those that are new or newly 

discovered in humans – mainly come from animals 
(H1N1, measles, plague, tuberculosis, influenza, 
HIV, SARS) 
 

• Infections re-emerge when old microbial foes 
acquire new weapons through genetic exchange or 
mutation –resistance to drugs or vaccines, escape 
from the human immune defences 

 
 

Emerging and Remerging 
Infectious Diseases 



Bacteria 
 
• Legionairre’s disease 
• E.coli H7:O157 
• Clostridium difficile colitis 
• Helicobacter pylori 
• Chlamydia trachomatis and C. 

pneumonia 
• Staphylococcus toxic shock 
• Flesh eating disease 
• Methicillin resistant S. aureus 
• Penicillin resistant gonorrhea and 

Hemophilus influenza 
• Extremently drug resistant 

tuberculosis 
• Vancomycin resistant enterococcus 

 

Emerging and Re-emerging 
Infectious Disease Over My 

Career 
                Viruses 
 

• Ebola virus 
• HTLV-I 
• HIV-1 
• HIV-2 
• Nipah virus 
• Borna virus 
• West Nile virus 
• SARS 
• H5N1 Avian influenza 
• H1N1 pandemic influenza 
• Hepatitis B & Hepatitis C 
• Delta agent 
• Prion disease (mad cow) 
• NERS 



Are Infectious Diseases 
Threats Increasing? 

• Probably “yes” 
 

• 35+ “new” diseases over the past 40 years 
 

• Of all microbial species, we have characterized 
less than 1% and the unknown 99% represent 
constant source of new threats.  

 
• Most new infections come from animals  

 
• Organisms mutate in response to human 

tactics: drugs, vaccines, disinfectants ... 
 

 



Why Is This Happening? 

• Ecologic changes 
 

• Human demographic/behavioural changes 
 

• Globalization 
 

• Rapid growth in technology 
 

• Microbial adaptation and change 
 

• Gaps in public health programs/infrastructure 



 

Anticipating the Puck 
 
 
 
 
 
 

The Katrina Lesson 



  
Canada’s Response To These Threats 

– Build The National Microbiology 
Laboratory In Winnipeg 



NML Fast Facts 
 Announced 1987 
 Construction began 1992 
 Official opening 1999 
 Only operational Level 4 

lab in Canada 
 First facility with human 

and animal CL 4 labs 
 31 metres high 
 29,300 sq. metres 

 



 3 story expansion funded 
by the Economic Action Plan 
($24 million) 
 

 Completed March 31, 2011 
 

 Expanded specimen 
receiving, shipping and 
receiving, bio-repository and 
media preparation areas.   

 
 



  
 Most CSCHAH labs are CL2 (60.8%)   
 Similar to laboratories in hospitals 

and medical clinics 
 Work done in a biosafety cabinet with 

controlled air flow (at right) 
 Treatment and preventive measures 

are available 
  

Examples:   
 E-coli 
 Whooping Cough 
 Hepatitis C 



 
 35.5% of total lab space  
 Can cause serious disease in 

humans or result in serious 
economic consequences (animals) 

 Diseases that do not ordinarily 
spread by casual contact or  they 
are treatable 

 Staff wear laboratory clothing 
and shower out (most areas) 

 Air is filtered; waste is treated 
  

Examples: 
 Foot-and-Mouth disease 
 Tuberculosis 
 West Nile virus 



 
 3.7% of lab space (1.1% of building) 
 Dangerous agents that usually produce 

very serious and untreatable diseases 
 Staff wear biosafety suits; chemically 

treated each time 
 Each department has one CL4 suite which 

provides back-up during annual recertification 
 Suites are air tight 
 All air and waste sterilized  

  

Examples: 
 Ebola virus 
 Nipah virus 
 Marburg Virus 



Air pressure is tightly controlled in 
and around high containment labs 
Doors are interlocking; bioseal 
(submarine) doors in key locations 
Progressively lower pressure going 
deeper into lab space dropping by 
50 pascals between rooms ensures 
air flows in toward lab and out 
through HEPA filters 



 
Some Important Public 

Health Innovations From The 
NML 



Innovation 1:  
 

Rapid Detection & Alerting of 
Infectious Disease 



New Tools to Increase Speed 
of Detection and Alerting 

• Previously: Countries reported new & 
emerging diseases to WHO – take 
weeks 
 

• Now: advanced computer based 
technologies 

– Canadian Network for Public Health 
Intelligence  

– Monitors news, internet etc. 
  

•  Examples: SARS, H1N1, Listeria 



Canadian Network for Public Health 
Intelligence 

Fostering collaboration and consultation 
through innovation in disease surveillance, 

intelligence exchange, research, and response 
to protect, promote and support public health  

 
Dr Shamir N Mukhi 

Chief Engineer 
 



Background 
•An innovative scientific public health informatics platform 
developed and managed by PHAC-NML. 

 

•Includes technologies for collaboration, surveillance, alerting, 
knowledge management, lab systems, and event management 
supporting large number of F/P/T public health professionals in 
human, animal and environmental health domains 
 

•Recognized as trusted platform providing key foundational 
infrastructure for public health surveillance in Canada. 
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What is CNPHI? 
A secure public health intelligence cloud 
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What is CNPHI? 
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• CNPHI is an innovative, versatile 
informatics platform that has been 
custom built for public health needs 

• CNPHI platform is not static; 
constantly to meet current and 
future needs of dynamic public 
health programs 

• Respects jurisdictional boundaries 

• Helps transform program to 
structured centralized data 
collection and analysis 

• Innovative current technology 

• Six focus areas: Knowledge 
Management, Collaboration, 
Alerting, Surveillance, Event 
Management, Laboratory Systems 

 



Benefits 
•Provides capability to directly link F/P/T epidemiologists 
and laboratories, enabling bi-directional and close to real-
time data and intelligence sharing between partners while 
respecting jurisdictional boundaries 

 

•Innovative reporting and data entry/collection tools 
supporting increased data quality, interactive data analysis  

 

•Provides initiative specific sponsors control to manage 
access to applications within their platform 

 

•Easy sharing with all participants of discussions  

22 







Laboratory Feature of CNPHI 

CASAI.0022
CASAI.0014
CASAI.0023
CASAI.0017
CASAI.0021
CASAI.0013
CASAI.0002
CASAI.0001
CASAI.0004
CASAI.0011
CASAI.0003
CASAI.0007
CASAI.0015
CASAI.0016
CASAI.0005
CASAI.0006
CASAI.0018
CASAI.0010
CASAI.0019
CASAI.0020
CASAI.0024
CASAI.0012

1009080706050

Patterns entered 
into Bionumerics 
and analyzed 

Clusters identified 
   Is this a new pattern? 
   Is this a common pattern? 

Each lab analyzes the image and  
replies to listserv: 
Any pattern matches? 
Any known sources of infection? 
What is known about the pattern? 

PFGE tiff file 
        Dendrogram 
created in Bionumerics 

Patterns designated 
 



Patient 3 

      

How DNA fingerprinting* was used to identify 
and investigate the 2008 listeriosis outbreak, 
example: 

not outbreak strain Patient 1 
Patient 2 

Patient 4 
Patient 5 

Food Product 1 
Food Product 2 

Patient 6 
Patient 7 

Patient 8 
Patient 9 

Food Product 3 
Patient 10 

outbreak strain 
outbreak strain 
outbreak strain 
outbreak strain 
outbreak strain 
outbreak strain 

not outbreak strain 

not outbreak strain 
not outbreak strain 
not outbreak strain 
not outbreak strain 
not outbreak strain 

Source Listeria DNA Fingerprint Result 

* Pulsed-field gel electrophoresis (PFGE) 
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Listeria monocytogenes DNA fingerprints analyzed by the National 
Microbiology Laboratory (NML), June – October, 2008  
Includes all human, food, and environmental samples from the 2008 national Listeriosis outbreak investigation 

Outbreak strain 
LMACI.0040/LMAAI.0003 

Outbreak strain 
LMACI.0040/LMAAI.0001 

Outbreak strain 
LMACI.0001/LMAAI.0001 

NOT Outbreak strain 



Innovation 2:  
 

Rapid Containment - Sending 
the Lab to the Specimen! 



Microbiologic 
Emergency 

Response Teams 
• use of portable CL3 units  
to create safe work  
environment 
• isolator for basic  
microbiology 
• isolator for specialized  
techniques 
• equipment needed to  
perform testing 
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Arrival In Uige 

Mobile Laboratory 
Equipment 

Uige Airfield 
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Operations for Ebola in DRC 2007 

Second team to new 
location –> breakdown lab 
and transport, second team 
sets up again. 
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High Containment in the Bush 
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Perfectly Functional Laboratory 



Innovation 3:  
 

Using Viruses to Fight 
Viruses! 



Viral Hemorrhagic Fevers 

Scary Viruses ! 
 

• Ebola 
• Marburg 
• Lassa 
• CCHF 
• Machupo 

 Why Feared?  
 

• Zoonotic 
• Mortality as high as 80% 
• No treatment, no vaccines 
• “A list” of bioterrorism 

threats 



Ebola Vaccine Development 

• Uses a Vesicular 
Stomatitis Virus to fool 
the immune system into 
thinking it’s Ebola. 
 

• Effective in non-human 
primates, seemingly 
proved effective for 
human use in West Africa 
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Non-human primates 



A not so brief history of VSV-EBOV 



A humble history of VSV-EBOV 



Emergency vaccination 
A. Ring vaccination B. Post-exposure vaccinatio  

Rabies 

http://www.vaccineinformation.org/rabies/photos.asp 

http://www.tabletsmanual.com/wiki/read/human_rabies 

http://meddic.jp/ring_vaccination 



Product / Company Phase Trial Location Dates 
VSV-EBOV 
NewLink Genetics & Merck Vaccines 
USA 

Phase III By WHO & MoH Guinea in 
Conakry, Guinea 

Spring 2015 – ring 
vaccination trial design 

ChAd3-ZEBOV & VSV-
EBOV 
GlaxoSmithKline & Public Health 
Agency of Canada 

Phase III By US NIH & MoH Liberia 
in Monrovia, Liberia 

Spring 2015 – randomized 
control trial design 

VSV-EBOV 
NewLink Genetics & Merck Vaccines 

Phase III By US CDC & MoH Sierra 
Leone in Freetown  Sierra 

Spring 2015 – unblinded 
trial design 

Phase III vaccine trials 



Acknowledgements 
- Government of Guinea 
- Government of Sierra Leone 
- Pierre Formenty (WHO) 
- Laurent Kaiser (HUG) 
- Heinz Feldmann (NIAID) 
- Dr. Jimmy, Prof Muyembe, Dr. 

Kebela (DRC) 
- Gary Wong (China CDC) 
- Special Pathogens (Winnipeg) 

 

Presenter
Presentation Notes
Thanks the East-West Alliance Committee for Inviting me to participate!



These Vaccines Could 
Help Save the Great Apes 
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Innovation 4:  
 

Monoclonal Treatment For 
Ebola Virus Infection! 



Therapeutic options 

• Coagulation regulators (e.g. MAPc2) 
 
• Convalescent plasma 

 
• Monoclonal antibodies (e.g. ZMapp) 

 
• PMOs, siRNA 

 
• Small drug molecules (e.g. BCX4430, T705) 

 
• Interferons 

 
 



TM NH2- -COOH 
sp 

sGP 

GP1                                                    GP2 

aa 1     33                                                              274                                         501 508         651  671   676 

1H3 4G7     2G4    

Binding sites of mAbs 
1H3 
Escape mutation 

2G4, 4G7 
Escape mutation 



ZMapp 

• ZMapp in Sierra Leone; Dr. Khan. 
• ZMapp in Liberia; Jimmy. 
• Zmapp versus Zmab and sleep deprivation. 
• Compassionate use in emergencies and the law. 
• What do we need to believe. 



Antibody Therapy 
• The initial use of antibodies (in the form of serum containing 

polyclonal antibodies) to treat infectious diseases can be dated 
back to the late 19th century.  
 

• Prior to the availability of antibiotics and most vaccines, immune 
serum containing high titered polycolonal antibodies was the only 
and most effective way to prevent a variety of viral infections: 
 

Measles, hepatitis A, rabies, smallpox, diphtheria, rabies, some toxin 
based bacterial diseases including diptheria, tetanus and botulism as 
well as pneumococcal and Haemophilus influenzae B infections.  
 
• Antibody therapy was essentially sidelined in the late 1930s with 

the discovery of antibiotics. 

A COMPARATIVE STUDY OF LYMPH AND SERUM FERMENTS DURING PROTEIN SHOCK 
REACTIONS. Davis BF, Petersen WF. J Exp Med. 1917 Nov 1;26(5):699-706. 
 
•  Russia got the world's first communist government, lead by Lenin. 
•  US declares war on Germany, Jerusalem falls to Britain 
 
• NHL forms with Montreal Canadiens, Montreal Maroons, Toronto Arenas, Ottawa 

Senators & Quebec Bulldogs. 1st NHL championship game ever played, Toronto 
Arenas beats Montreal Canadiens 7-3 in 1st of 2 game set.  

 
• Secret Service extends protection of president to his family 

 
 

Presenter
Presentation Notes
Google.org Director Larry Brilliant:
Green revolution never reached Africa. Increasing reliance on Animal consumption: 
	2005 600 M wild animals consumed
	2B kg Bushmeat
	every kg est 100,000 novel viruses  never been charted

Case in 1976 Zimbabwe ?imported?? After the initial outbreaks, the virus disappeared. It did not reemerge until 1975, when a traveler, most likely exposed in Zimbabwe, became ill in Johannesburg, South Africa. The virus was transmitted there to his traveling companion and a nurse. A few sporadic cases of Marburg hemorrhagic fever have been identified since that time. 

1996 South Africa - A medical professional traveled from Gabon to Johannesburg, South Africa, after having treated Ebola virus-infected patients and thus having been exposed to the virus. He was hospitalized, and a nurse who took care of him became infected and died.[14] 



Monoclonal Antibody Therapy 
• The introduction of hybridoma technology in 1975 made possible 

the generation of one antibody or monoclonal antibody (mAb) 
produced from one B-cell clone, specific for one antigenic epitope. 
 

• The technique was initially developed in mice and later mAbs 
were partially or fully humanized. 
 

• There are currently around 350 mAbs in clinical development, 
with most in early developmental stages.   
 

• The majority (~90%) of these mAbs target antigens relevant 
either to cancer or inflammatory or immunological disorders. 

Presenter
Presentation Notes
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1996 South Africa - A medical professional traveled from Gabon to Johannesburg, South Africa, after having treated Ebola virus-infected patients and thus having been exposed to the virus. He was hospitalized, and a nurse who took care of him became infected and died.[14] 



Innovation 5:  
 

Using High Throughput 
Machines To Understand  

Genetics 
 

H1N1 



Mexican Health Officials Request 
Assistance from NML  

April 17 





PHAC-NML 

Presenter
Presentation Notes
colorized negative stained transmission electron micrograph (TEM) depicted some of the ultrastructural morphology of the swine flu virus.
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April 24 
 
NML determines outbreak in Mexico 
is H1N1 Influenza A (human swine 
flu) 



 North American 
Swine Origin 

Eurasian Swine 
Origin 

North America (A/Mexico/ /2009 [H1N1]), Influenza A virus, 
April 2009: 
- Reassortment H1N1: An unusual mix of genetic sequences 
- 4 unique virus sources 

North American 
Avian Origin 

North American 
Human Origin 



R. Cordero 

April 29 
200 clinical samples 

Mexico City direct to Winnipeg 

Presenter
Presentation Notes
NML earned international praise for the scientific support it has lent to the WHO and Mexico
On Wednesday, 200 samples from Mexico were flown in on a presidential lear jet for testing at NML, after a telephone request on Tuesday night from the Mexican health minister. 
Mexico has no ability to conduct such tests itself, relying instead on this country and the States.



Innovation 6:  
 

Using Systems Biology to 
Understand Infectious 

Disease  
 

Solutions for the HIV 
Pandemic 





Highly-exposed 
persistently 
seronegative. 

 
3 years follow,  HIV-1 

serology and 
PCR negative, 
Active in sex 
work. 

 
10% of highly 

exposed sex 
workers 
resistant to 
HIV-1.   

 

Years of Followup
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0.0 Decline in HIV-1 
Incidence with follow up 
in the Pumwani Cohort.  Adapted from Fowke et al Lancet 1996; 348: 1347–51 

Resistance to HIV-1 
Infection 



Nature of HIV Resistance 



Res            Negs 

CD4 T cells 
Gene expression profiling in HIV Resistant 

Women 

Res 
Neg 

Whole Blood 





Conclusion 

• Microbial threats are growing and ever 
changing 

• The National Microbiology Laboratory has 
become a key global institution in innovation 
for response to emerging infectious diseases. 

• The importance and achievements of the 
National Microbiology Laboratory are 
relatively unknown by Canadians. 
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Next Steps 

• In general existing bioinformatics has yielded 
limited insights into the basis for resistance to 
HIV infection and other complex data 
problems. 

• In collaboration with a machine learning 
company we are exploring the utility of 
artificial intelligence for understanding these 
kinds of complex data. 
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