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Message from the Public Health 
Laboratory Director
On behalf of the staff at the BC Public Health 
Microbiology & Reference Laboratory (BCPHMRL), it 
is my pleasure to present an overview of our 2013-2014 
work. 

Day-to-day, every year, we organize, consult on, accession, 
analyze and report over 2.5 million laboratory results. In 
addition to our day-to-day work, we rapidly respond to 
change, particularly when the unexpected happens. Every 
year we respond on average to 450 outbreaks in British 
Columbia (BC).

Quality remains the touchstone of all we do. And, we are 
keen to implement faster and better assays to optimize 
communicable disease prevention and control, in part 
through effective information management and better 
quality systems.  

Since the last report, our strategic priorities (within the 
Guiding Framework for populations health) have been to: 

•	 Build capacity and capability to improve molecular 
microbiology with partners in the Molecular Network 
for Public Health.

•	 Standardize tools and training to improve laboratory 
data. 

We are pleased to report back to you, our clients, on our 
team’s efforts. As well we highlight some of our day-to-day 
improvements and successes during 2013-2014. 

The team’s efforts allow us to improve our efficiency and 
effectiveness as we partner with public health at the BC 
Center for Disease Control (BCCDC), public health 
workers across BC and with BC’s medical microbiologists 
and their laboratory teams.  

As always, we appreciate your support and look forward 
to even stronger collaborations and partnerships that 
align with Ministry, public health, health authority and 
laboratory strategies.

Judith Isaac-Renton, MD, DPH, FRCPC                      
Public Health Laboratory Director for British Columbia              
Professor of Medical Microbiology, University of British 
Columbia
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Public Health Laboratory Leaders

Administration

Biosafety Biosecurity 
Biohazard Containment 

GAIL CRAWFORD
Director, Laboratory 
Operations

ROSALYN WAGNER
Executive Assistant

YVONNE 
HARDWICKE
Administrative 
Assistant

AMELIA TRINIDAD
Laboratory Manager

DR. NATALIE 
PRYSTAJECKY
Provincial Coordinator

CORA YEE
Healthy Water Program 
Coordinator

NEIL CHIN
Public Health Lead

JOHN TANSEY
Biosafety Officer

Lower Mainland Labs 
Information Management

KELVIN LAM
Coordinator

PETER NG
Coordinator

Enhanced Water Quality 
Assurance 
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Public Health Laboratory Leaders

Laboratory Surveillance & 
Outbreak Response

YIN CHANG
Coordinator/Projects 
Manager

Laboratory Technical 
Support Services

DR. MABEL 
RODRIGUES
Section Head

Molecular Microbiology & Genomics

DR. PATRICK TANG
Program Head

ALAN MCNABB
Section Head

DR. NATALIE 
PRYSTAJECKY
Molecular Coordinator

DR. WILLIAM HSIAO
Bioinformatician

Central Processing & Receiving

DR. JUDY ISAAC-
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DR. MABEL 
RODRIGUES
Section Head

DR. PATRICK TANG
Program Head
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Public Health Laboratory Leaders

Enivronmental Microbiology Mycobacteriology/TB
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Section Head
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Section Head

DR. LINDA HOANG
Program Head

DR. JUDY ISAAC-
RENTON
Program Head
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Section Head

Parasitology

DR. JUDY ISAAC-
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This is but a small fraction of the dedicated individuals that make up 
the BCPHMRL. They are the leaders and administrative staff of the 
various Programs of the public health laboratory.

ALAN MCNABB
Section Head

DR. MEL KRAJDEN
Program Head

Virology

QUANTINE WONG
Section Head, Zoonotic 
Diseases & Emerging 
Pathogens

DR. MUHAMMAD 
MORSHED
Program Head, 
Zoonotic Diseases & 
Emerging Pathogens

Zoonotic Diseases & 
Emerging Pathogens



1 Detail from the plans and priorities of the Public Health Agency of Canada is available at: 
  http://www.phac-aspc.gc.ca/rpp/2013-2014/assets/pdf/info-2013-2014-eng.pdf.

Our Mandate

•	 Environmental health testing surveillance and quality monitoring for food and water

•	 Support to the BC Provincial Health Officer (PHO) for legislated requirements for safety by quality assurance of 
drinking water testing including ongoing assessments of 17 decentralized laboratories across BC

•	 Detection, outbreak and cluster investigation for communicable diseases 

•	 Molecular microbial characterization for outbreak and cluster response

•	 Capacity and capability to urgently develop, validate, implement and share new tests

•	 Molecular microbiology improvements and troubleshooting for internal programs and, in limited capacity, for 
other laboratories.

•	 Specialized services for rare and complex microbiology testing

•	 Biosecurity, biosafety, biocontainment and bioterror response for communicable diseases

•	 Confirmatory testing and trouble-shooting for other BC laboratories

•	 Quality management system leadership for environmental and clinical work

•	 Integrated information management interpretation and quality assurance for program evaluation, best 
laboratory practices and integrated communicable diseases surveillance

•	 Applied academic work (teaching, research) related to public health microbiology

Roles and responsibilities come from: 

1.	 Legislation
•	 Provincial:  BC legislation to protect the population’s health 

•	 National: Outbreak early warning, environmental and clinical surveillance, bioterrorism, and biohazard containment 
response

•	 Provincial, national and international accreditation requirements.

2.	 Internationally required capability and capacity:  We provide defined Core Functions, value-add 
services required for all public health laboratories1 by: 

•	 Sustaining a critical mass of medical/technical experts who enable surge capacity for public health emergencies. 

•	 Recruiting medical/technical specialists to lead complex or rare disease testing, innovate in new assay scientific evaluation 
and validation, provide confirmatory reference services province-wide. and support troubleshooting for health authority 
laboratories across BC.

•	 Leading laboratory surveillance by Quality Assuring and interpreting of results for trending, program evaluation, and best 
practices principles.

•	 Leading in efficiency gains such as centralizing or automating services for economies of scale when appropriate to public 
health work.

We are BC’s link with the National Microbiology Laboratory (NML) in Winnipeg, a division of the Public Health Agency of 
Canada (PHAC).  We submit and receive pan-Canadian level reference testing. We also meet with NML and other PHAC staff to 
coordinate emergency response and develop national and international public health best practices. 
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Input from Stakeholders

Developing a stronger public 
health laboratory network 

Client Comments: 

•	 BCPHMRL is an important central 
node and a key link to the NML. 

•	 Molecular technologies are 
increasingly used in public 
health, including health authority 
laboratory nodes. A BC-wide 
microbiology laboratory network 
should provide leadership in best 
practices and standards.  

•	 Once a testing system has been 
designed and is up and running, it 
can be disseminated to the health 
authorities. The BCPHMRL has 
an ongoing role in this and in 
validating, providing QA, teaching 
and training.

•	 BCPHMRL staff members should 
have the time to collaborate with 
laboratory and public health staff 
members, provincially, nationally 
and internationally.

•	 There is a tension between 
centralized and decentralized 
testing. A balance is important and 
funding is a key challenge. 

Transforming laboratory data 
into usable information 

Client Comments: 

•	 BCPHMRL data can be valuable 
for health authority analyses related 
to policy, evidence for practice and 
program evaluation.

•	 The BCPHMRL is in the best 
position to recognize provincial 
trends and also to develop ways to 
improve surveillance.

•	 The BCPHMRL plays a key role in 
surveillance, alerts and outbreak 
response. 

•	 The system should recognize local 
health authority needs so data 
collection and use must be flexible. 

•	 Key outputs from collected data 
are most valuable at the population 
level if results are interpreted, 
timely, and quality assured.

Providing input for public 
health labs during system 
change 

Client Comments: 

•	 Public health laboratories must 
maintain a critical mass of 
experienced and expert public 
health staff to lead specialized 
testing and provide a nimble 
response.

•	 As health care providers have 
primary responsibility to patients, 
the public health system has 
a primary responsibility to 
the population.  To that end, 
appropriate governance of the 
public health laboratory system is 
critical.  

We asked senior public health leaders to provide input on strategic directions, programs and services, using a 
structured interview process.  This input affirmed our work and included feedback on:  
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       Background
Molecular methods are increasingly 
used in diagnostic laboratories due to 
their short turnaround times (TATs) 
and better sensitivities. Our medical and 
technical leaders have scientific expertise 
in polymerase chain reaction (PCR), DNA 
sequencing, Next Gen/Deep Sequencing, 
Whole Genome Sequencing (WGS), 
metagenomics, and other molecular 
characterization methods. 

Since commercial assays must be 
monitored for changes we continually 
work on ways to improve our ability 
to detect pathogens of public health 
importance, and to support network 
partners across BC. 

       Activities
We have “Leaned” for better processes 
and procedures, streamlining the small 
core Molecular Microbiology and 
Genomics Program. This “Lean” work 
has led to more efficient and effective 
communications with standardized work 
in support of the growing demand for 
molecular services in BC laboratories.  
The opportunity to standardize enables us 
to improve how quickly we can respond 
to public health threats and ultimately 
raises the benchmark for molecular testing 
across the province. 

The BC Public Health Network aim is 
to standardize collaborative efforts with 
provincial partners. Standardized response 
protocols are used and communications 
are clear and consistent, with a single

BCPHMRL Network 
Manager responsible 
for coordinating and 
ensuring action on 
all requests.2  When 
assistance is needed, 
this system provides a 
single “point person” 
for laboratory partners 
across BC. With respect 
to use of BCPHMRL 
in-house assays, we carry 
out molecular testing 
solutions that are less 
costly than commercial counterparts. 

Examples of recent work: 

•	 We shared methods and standard 
operating procedures on norovirus, 
influenza and herpes PCR assays 
working closely with staff at Island 
Health, Vancouver Coastal Health, 
Providence Health Care and 
Children’s and Women’s Hospital 
Microbiology Laboratory. 

•	 We assisted in troubleshooting 
when issues related to PCR arose at 
various laboratories and helped in 
validation of new health authority 
commercial platforms such as the 
new GeneXpert® technology.

•	 We stood up and verified the NML 
decentralized assay to detect a Risk 
Group 4 (RG4) Agent for Ebola virus 
disease (EVD). While culture was not 
allowed under Transport Canada and 
national biosafety regulations, DNA 
extracts could be shared for use at the  
provincial level. BC was one of the

first provinces to implement EVD 
PCR.

•	 We are partnering with Island 
Health to transition the BCPHMRL-
developed triplex assay for herpes 
simplex viruses 1 and 2 and varicella 
zoster virus. 

•	 We introduced the standardized 
processes for the Molecular Network 
for Public Health to Northern Health, 
Interior Health, Island Health, Fraser 
Health and Vancouver Coastal 
Health. 

•	 We shared our new standardized 
processes with all members of 
the BC Association of Medical 
Microbiologists.

               Next Steps
The team will continue pilots of new 
“Lean” processes in pursuit of a stronger, 
standardized public health molecular 
network.

Building capacity to evaluate and improve molecular microbiology through 
thepublic health laboratory networks

Strategic Priority

i

2 Our Network Manager, Yin Chang, also edits Laboratory Trends, a monthly communication that keeps our colleagues informed of changes, trends and surveillance 
activities in public health.  Recipients include members of the Molecular Network for Public Health, public health workers, and partner microbiology laboratory 
clients.
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The Advanced Skills Development 
Team

•	 Led by Dr. William Hsiao, they 
introduced genomics analysis tools3 
to the BCPHMRL by workshops with 
hands-on instruction using tools for 
microbial genomic analysis. 

•	 Workshops also helped participants 
learn to organize microbial DNA 
sequence data into analyzable 
units and to carry out effective 
bioinformatic analyses.

•	 Participants studied current public 
health challenges using the tools they 
learned. 

•	 ASDT enhanced our microbial 
genomics and WGS capacity and 
is now capable of taking leadership 
in this new area by promoting 
standardized practices for increased 
efficiency, improved data quality, and 
microbial analyses.

•	 Work complements several large 
Genome Canada/Genome BC grants 
with external funding (over $4M) to 
assess WGS as a public health tool

               Next Steps
Information Skills Development Team:  
The team, now called the Information 
Translation for Laboratories, has enhanced 
our IM capacity with improved subject 
matter expert confidence in analyses. This 
enables improvements such as: improved 
patient safety by work on pre-analytical 
errors analysing data captured by a 
Continuous Quality Improvement team, 
improved quality indicators through better 
data capture for a standardized approach, 
better management using daily operational 
tools, and review of criteria for effective 
use of new molecular tools. 

Advanced Skills Development Team: 
The team now known as Advanced 
Bioinformatics and Laboratory (ABL), 
has two sub-groups to work on the WGS 
areas of practice: Laboratory (library 
prep, physical laboratory work) led by Dr. 
Natalie Prystajecky and Bioinformatics 
led by Dr. William Hsiao. The Advanced 
Bioinformatics and Laboratory Team 
is focusing on Salmonella infections, 
a major public health issue in BC and 
across Canada, leveraging national work, 
externally funded grants, as well as 
provincial projects.

        

Standardizing tools and training to capture and transform data into useful 
public health information

Strategic Priority

       Background
There is value in integrating the large 
amount of data the BCPHMRL creates for 
trending, surveillance and policy guidance 
(standard setting, guideline development, 
etc.).  Data quality procedures, 
standardization of analysis and the 
training of laboratory team members were 
starting points. 

       Activities
We developed two teams that report in 
our quality management system to the 
Leadership Team:

The Information Skills Development 
Team

•	 Led by Mark McCabe and Dr. Linda 
Hoang, they developed and shared 
standardized tools for best practices 
for data management as well as 
database structure, data entry and 
basic analyses. 

•	 Enhanced staff skills in managing 
BCPHMRL information, carrying 
out data analysis using basic statistics, 
managing processes for better data 
quality control, and improving 
quality of information through 
standardization.

•	 Trained subject matter experts to act 
as channels between Programs, shared 
opportunities for learning, training 
and teaching, as well as improved data 
quality and analysis. 

i

3  Advancement in microbial genomics is poised to provide better tools, such as whole genome sequencing and metagenomics, for improved resolution molecular 
epidemiology for public health as well as new diagnostics for all laboratories. 
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Characterization of BC Neisseria   
skkuensis isolates using 
whole genome sequencing                                               
Rob Azana, William Hsiao, Matthew 
Croxen, Kimberley A Macdonald, 
Aleksandra Stefanovic, Ana Paccagnella, 
Linda Hoang

Neisseria spp. are common commensals 
of mucous membranes, with many species 
of human origin. Neisseria skkuensis is 
a rarely identified species, first isolated 
and reported in 2010 from the blood of 
a diabetic patient with a foot ulcer in 
Korea, and only identified twice in BC. 
Identification of the novel species was 
accomplished by sequence analysis of the 
16S rRNA gene. Little else is known about 
Neisseria skkuensis, and no genomic data 
currently exists for this organism. The 
BCPHMRL therefore performed Whole 
Genome Sequencing on 2 isolates of 
Neisseria skkuensis and compared various 
bioinformatics tools in an attempt to 
further characterize and study this rare 
organism.

Application of whole genome 
sequencing to understand outbreaks 
of Clostridium botulinum Toxin Type B                                                  
Yin Chang, Brian Auk, Matthew Croxen, 
Kimberley A Macdonald, Belinda Wong, 
Julie Wong, Judith L Isaac-Renton, Natalie 
Prystajecky

Botulism is a paralytic illness caused by 
neurotoxins produced by Clostridium 
botulinum. It is an extremely rare 
illness, but can have fatal outcomes. C. 
botulinum neurotoxins can cause food-
borne, infant and wound botulism and 

be- cause of its potency, it is also a 
potential bioterrorism agent. Typing 
approaches are needed to link clinical 
cases and environmental sources of C. 
botulinum, but current approaches have 
many limitations. Here we describe 
the application of whole genome 
sequencing to aid in the investigation of 
several botulism toxin type B outbreaks 
in BC. This approach provides a higher 
resolution tool for understanding the 
transmission and genetic features of C. 
botulinum.

Application of whole genome 
sequencing to speciate 
and characterize Day-
1 positive MGIT cultures                                                                     
Yin Chang, Diane Eisler, Clare Kong, 
Matthew Croxen, Kimberley A 
Macdonald, Will Hsiao, Patrick Tang

The gold standard for laboratory 
diagnosis of Mycobacterium tuberculosis 
(MTB) is based on culture methods 
with primary culture and antibiotic 
sus- ceptibility taking up to six 
weeks to complete. Application of 
Whole Genome Sequencing (WGS) 
technologies for this slow-growing 
organism may be an alternative 
for earlier diagnosis. Therefore we 
initiated an investigation into the 

feasibility of whether MTB could 
be reliably speciated and resistance 
profiles characterized by WGS of 
Day-1 positive Mycobacteria Growth 
Indicator Tube cultures. We present 
some WGS findings and highlight that 
contamination can be an issue using this 
method.

Whole genome sequencing of 
invasive Haemophilus influenzae 
serotype A from British Columbia                                                    
Matthew Croxen, Kirby Cronin, Marcus 
Lem, Linda Hoang

Invasive Haemophilus influenzae (iHi) 
may cause life-threatening infections, 
including bacteremia and meningitis 
in children under the age of 5. While 
the incidence of iHi serotype B (Hib) 
has decreased due to immunization 
programs, the incidence of non-Hib 
infections has increased because current 
vaccines do not protect against non-
Hib serotypes. In British Columbia, 
there have been a number of cases 
of invasive H. infuenzae serotype A 
(Hia). Our understanding of Hia and 
its pathogenesis is limited compared 
to other iHi. We used whole genome 
sequencing (WGS) of Hia to use as the 
basis to look at the differences between 
Hia, Hib and other non-typeable iHi.

Whole Genome Sequencing Training Projects

Photo Credit:  M. Donoghue
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Members of the Advanced Skills 
Development Team assigned projects as 
part of their learning objectives in WGS 
bioinformatics created and shared the 
following posters for Research Week. 
They represent some of the learning 
and improvements led by this small 
team. Workshops and support for these 
posters have greatly benefited from the 
leadership of Dr. Matthew Croxen and 
Kim Macdonald. 



Exploring the NGS analysis pipeline 
for Lyme disease causing agent                      
Min-Kuang Lee, Clement Tsui, Mark 
McCabe, Diane Eisler, Alan McNabb,  
William Hsiao, Muhammad Morshed

Lyme disease is one of the most common 
vector-borne diseases in North America. 
This disease is caused by the spirochete 
Borrelia burgdorferi which is transmitted 
to humans by Ixodes ticks. Borrelia 
burgdorferi has a unique and complex 
genome structure and proves to be an 
effective invasive pathogen. It is composed 
of a linear chromosome, and several 
linear and circular plasmids. Both linear 
and circular plasmids vary in different 
isolates. This mosaic genomic content can 
make assembly and other bioinformatic 
processes challenging; therefore we 
performed a comparison of various 
genome assemblers to evaluate which 
tools produced the best/most informative 
assembly of this complex organism.

An assessment of whole genome 
sequencing for Salmonella 
Enteritidis outbreak analysis in BC                                                            
Kimberley A Macdonald, Ana 
Paccagnella, Linda Hoang, Matthew 
Croxen

Salmonella Enteritidis (SE) is one of 
the most common causes of bacterial           
gastroenteritis in British Columbia (BC). 
Current methods of subtyping have lim- 
ited discriminatory power for SE, which 
hinders outbreak investigations. Whole 
Genome Sequencing (WGS) provides 
the highest resolution of an organism at 
the genetic level, and this information 
has been used as the basis of outbreak 
investigations. However, when developing 
pipelines for inferring epidemiologi- cal 
linkages using WGS, it is important to 
use isolates from well-characterized, 
epidemiologically-linked outbreaks before 
use in public health. We used such data to 
evaluate different bioinformatic tools for 
SE outbreak analysis.

Whole genome sequencing 
to  understand waterborne 
outbreaks of giardiasis in BC                                       
Clement Tsui, William Hsiao, Anamaria 
Crisan, Jordan Ho, Patrick Tang, Judy 
Isaac-Renton, Natalie Prystajecky

While waterborne outbreaks of 
giardiasis have decreased significantly, 
British Columbia (BC) still has high 
reported infection rates. Genomes of 
over 60 Giardia intestinalis/ lamblia 
strains from human, animal and water 
sources, including outbreak and non-
outbreak related strains, were sequenced 
using Miseq (Illumina). The data 
were then analyzed using established 
in-house bioinformatic pipelines to 
characterize the genomic variation of 
outbreaks. We report on the possible use 
of the genetic tools to better understand 
the identification and transmission of 
spread of giardiasis in BC as well as the 
biology of this important parasite.

Applied Metagenomics of 
the Watershed Microbiome                                                  
Genome BC and Genome 
Canada funded, 2011-2015                                       
Principle Investigators: Dr. J. Isaac-
Renton and Dr. P. Tang with Drs N. 
Prystajecky, F. Brinkmann, C. Suttle. L. 
Harris, B, Knoppers, W. Hsiao and many 
others, this was an interdisciplinary 
team. 

Project Goal: Our goal is to change 
the way we monitor water quality in 
our watersheds. The new science of 
metagenomics will be used to discover 
novel indicators of water pollution to 
protect the health of our watersheds. 
Our aims were to use metagenomics to 

measure the impact of pollution on the 
communities of microorganisms (the 
microbiome of viruses, bacteria and 
protists) in different watersheds, 
to create novel tests that monitor these 
changes in the microbiome to detect 
pollution and pinpoint sources of 
pollution.

Listeria Detection and Surveillance 
Using Next Generation Genomics                                        
Genome BC and Genome Canada funded, 
2013-2014
Principle Investigators: Dr. L. Chui, Dr J 
Zhang and M. Gilmour; the BCPHMRL 
partners were Drs. J. Isaac-Renton and N. 
Prystajecky,

Project Goal: Lead by Alberta Public 
Health Labs with the Canadian Food 
Inspection Agency, the overall goal was 
to improve ways of detecting foodborne 
pathogen, Listeria moncytgenes.

Federated Bio-informatics Platform 
for Public Health Microbial Genomes: 
Integrated Response to Infectious 
Diseases 
Genome BC and Genome Canada funded, 
2013-2015
Principle Investigators: Drs. F. Brinkmann, 
G. VanDonslear, with Drs W. Hsiao, with J. 
Isaac-Renton and others

Project Goal: This work intends to 
develop a better bio-informatics pipeline 
that can be shared with all partners for 
a faster response to infectious disease 
outbreaks.

Whole Genome Sequencing Training Projects
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There are others underway but 
some recent examples of externally 
funded WGS projects include the 
following:



2. Environmental (Water/Food 
Safety) 

1. Outbreak & Emergency  
Response

3. Clinical/Environmental 
Laboratory Surveillance

4. Bioterrorism Response, 
Biohazard Containment & 

Biosafety Lab

5. Reference Services

6. Q
uality &

 Im
provem

ents

7. Inform
ation M

anagem
ent

8. Training/Education

9. Applied Research

10. Inform
ing Policy

Figure 1. Relationships between 10 Core Functions (CFs) of Public Health 
Laboratories 
KEY OUTPUT CFs (red) are critical functions requiring integration and team 
work. They also rely on content leaders, experts (medical & technical) and a 
sustained excellence of ENABLING CFs. 
ENABLING CFs (green) are required for day-to-day leadership functions that 
must remain excellent in order to provide capacity for VALUE ADDS. They enable 
accurate and timely response for public health and for residents of BC.

Our International Core Functions
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h h      Did you know that  
gggg    under CSIS approval                                 

  Did you know                         
that BCPHMRL is inspected, 
licensed and accredited by 5 
external bodies including CAP, 
DAP, EWQA, HC, HPTA?

Did you know we             

and in partnership with
USACDC and NML we 
are a certified member of 
the Canadian Laboratory       
Response Network? 

Did you know               
we respond to 450 
outbreaks each year?      

We are the only lab in BC 
to do so  

monitor up to 1000 drinking       
water samples per day for        
microbial pollution?

Have you seen 
our Laboratory 
Trends report? 

h h      Did you know that                            
in the last two years we 
had 71 publications and 
76 presentations?  

Did you check 
out our IM 
Strategic Priority 
#2 on page 10? 

http://www.bccdc.ca/PHSALaboratories/PublicationsandReports/default.htm
http://www.bccdc.ca/PHSALaboratories/PublicationsandReports/default.htm


Our six integrated and cross-cutting groups support all discipline, testing Programs and as well liaise with 
partners across BC and Canada. They include:  

Highlights from these critical, centralized teams include:

Biosafety Biosecurity Biohazard Containment 
•	 Achieved successful Health Canada (HC) accreditation for our three Containment Level 3 facilities.

•	 Support response to and preparing for the Human Toxins and Pathogens Act (HPTA) and Regulations.

•	 Helped create and implement a computer based bio-inventory system for BCPHMRL to allow us to track where and what micro-
organisms are stored to ensure we are in compliance for the HPTA.

•	 Participated in and co-chaired the Biosafety Officers Network for Canada.

•	 Responded to emergencies across our building (floods and power outages) in the BCCDC building.

•	 Maintained the Emergency Response Assistance Program for RG4 agents for BC for PHAC 

•	 Supported Island Health, Interior Health and Vancouver Coastal Health exercises testing their EVD responses.

•	 Evaluated and reported on transport times for samples of Person Under Investigation for EVD in remote sampling sites. 

•	 Supported members for the bioterrorism network, the Canadian Laboratory Response Network.  

Information Management
•	 Participated in activities related to the pan-Canadian public health communicable diseases surveillance and outbreak management 

project (Panorama).

•	 Performed laboratory validation of Public Health Reporting Data Warehouse Sexually Transmitted Infections and Bloodborne 
Infections Datamart.

•	 Supported projects to move water testing results from a legacy server/database to the Sunquest Laboratory Information System 
platform.

•	 Performed scenario and end-to-end testing for the upgrade of Children’s and Women’s Health Centre Laboratory Laboratory 
Information System from Sunquest 6.1.2 to Sunquest 6.4.

•	 Performed validation, scenario and end-to-end testing for change in report distribution vendors (Medinet to Excelleris).

2013-2014 Highlights for Core Programs

•	 Biosafety Biosecrity Biohazard Containment 

•	 Information Management

•	 Laboratory Surveillance & Outbreak Response

•	 Laboratory Technical Support Services (Waste Management/Media) 

•	 Molecular Microbiology & Genomics

•	 Quality Management Systems
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Laboratory Surveillance & Outbreak Response
•	 Coordinated STAT laboratory testing and surveillance for BC measles outbreaks.

•	 Worked with Lower Mainland Laboratories Anita Kwong, Cathy Chong and Dr. Mel Krajden and many others (as part of a 
Provincial Task Force) on EVD preparedness related to specimen testing, transport and standardized response.

•	 Provided an EVD toolkit and documents for submitting specimens (Sending Site Transport and ERAP Procedure for Suspect EVD 
Testing). 

•	 Enhanced our business continuity plan to include new processes for Surge Teams, and launched three Surge Teams for cross-
program coordination and training for influenza testing. 

•	 Coordinated many enteric and respiratory disease clusters/outbreaks across BCPHMRL Programs, BCCDC and health authorities: 
427 in 2013 and 461 in 2014.

•	 Provided national coordination on outbreaks with the Laboratory Liaison Technical Officer Program, NML Winnipeg. 

•	 Participated in national public health laboratory surveillance programs including FoodNet, PulseNet and PulseNet Plus (Whole 
Genome Sequencing).

•	 Conducted surveillance for antibiotic resistance for N. gonorrhoeae, N. meningitidis, Carbapenemase-Producing Organisms 
(CPOs), and the M. tuberculosis complex.

•	 Conducted outbreak support for vaccine-preventable illnesses and clusters (4 in 2013, 2 in 2014).

•	 Partnered with the Molecular Microbiology & Genomics Program to enhance our validation processes and procedures for rapid 
approval by the Public Health Laboratory Director, e.g., in October 2014 we implemented an enterovirus D68 assay. 

Laboratory Technical Support Services
•	 Provided high quality speciality liquid media for the legislated drinking water program.

•	 Provided specialized culture media for bacterial testing programs.

•	 Worked with the core BBBC Team to provide safe, efficient biowaste stream management. 

Molecular Microbiology & Genomics
•	 Collaborated with the Public Health Advanced Bacteriology/Mycology Program for the following improvements:

✓✓ Optimizing use of the elongation factor gene (tuf) sequence to identify Staphylococci for clients province-wide.

✓✓ Development of real-time PCR assays to detect Shiga toxins from isolates and enrichment broths, increasing accuracy and 
decreasing TAT.

✓✓ Verification of the sensitivity of current PCR assays for the detection of Chlamydophila pneumoniae, Mycoplasma pneumoniae 
and Legionella pneumophila. 

✓✓ Development of real-time detection assays for Health Care Acquired Infections (HCAIs) due to emerging CPO pathogens. 

✓✓ Development of a PCR subtyping assay for the six major subtypes of verotoxigenic E. coli, increasing accuracy and efficiency.

•	 Collaborated with the Virology Program for the following improvements:

✓✓ Urgent validation of PCR assay, then optimization of a real-time PCR assay for enterovirus D68 outbreak surveillance.

✓✓ Validation of a PCR test targeting the novel coronavirus E protein gene (upE). 

✓✓ Standardization of PCR assays for increased productivity and decreased TATs.

✓✓ Conversion of the herpes simplex/varicella zoster PCR assay from two duplex to a single four-plex assay, reducing TAT, 
labour and costs while providing a more sensitive assay.

Core Program Highlights
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Core Program Highlights

✓✓ Development of PCR assay templates and reports to simplify loading and reporting of  PCR assay results while reducing 
possible transcription errors .

✓✓ Modification of the PCR assay for the detection of mumps virus to include all circulating strains for improved detection.  

•	 Development of DNA sequencing and PCR capacity for emerging influenza viruses including avian influenza H7 and H5 subtypes. 

•	 Worked with the Mycobacteriology/TB Program to develop an in-house PCR assay for the detection of Mycobacterium avium/ 
intracellulare complex replacing a commercial system to decrease costs.

•	 Developed a PCR assay to detect Chikungunya virus, partnering with the Virology and Zoonotic Diseases & Emerging Pathogens 
(ZEP) Programs for this emerging infection. 

•	 Developed a pan-flavivirus PCR assay to detect flavivirus for cerebrospinal fluid detection (including West Nile virus).

Quality Management Systems
•	 Internal Quality Audits and other accreditation activities for the College of American Pathologists (CAP), including a successful 

inspection by a USA public health laboratory team of auditors in 2013.

•	 Accreditation work to ensure Diagnostic Accreditation Program (DAP) of BC successful audit (2014).

•	 Improved tools, trained auditors then implemented and completed standardized Internal Quality Audits.

•	 Created standardized analyses, metrics and templates for quality control for nucleic acid amplification testing (NATs), educating 
and implementing in all Programs.

•	 Standardized processes related to entry of events into the provincial Patient Safety Learning System.

•	 Partnered in the improvement of the BCCDC telephone tree communication tool.

•	 Improved management of Health Shared Services BC testing kits by creating a client database to identify clients/usage.

•	 Improved Enhanced Water Quality Assurance (EWQA) audit tools for 17 laboratory drinking water systems.

•	 Collaborated across all Programs through the Continuous Quality Improvement Team for laboratory-wide best practices quality.
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Core Program Highlights

Our seven testing Programs include:

Lane Level – High Volume Microbial Serology
•	 Rolled out the fully automated syphilis immunoassay for increased efficiencies.

•	 Improved testing efficiency by automating Helicobacter pylori serology testing.

•	 Updated the instrument technology used for infectious diseases serology by validation and verification of six new high throughput 
analyzers.

•	 Provided outbreak serological testing for measles and mumps outbreaks.

•	 Published on the improvements for care of HIV pooled NAT and the benefits of adopting 4th generation HIV (combined antigen 
and antibody) testing. 

•	 Partnered with BCCDC Clinical Prevention Services to pilot online testing for HIV, hepatitis C, syphilis (GetCheckedOnline). 

•	 Continued to manage increases in HIV, hepatitis C and syphilis testing related to the Seek and Treat for Optimal Prevention 
(STOP) HIV/AIDS Project, now rolling out province-wide.

•	 Receiving/triage staff supprt of Lower Mainland Laboratories Central Call Service when needed.

Environmental Microbiology – Water and Food Safety
•	 Partnered in water and food safety initiatives with the Fraser Health, NML, Provincial Health Services Authority (PHSA), PHAC 

including FoodNet and PulseNetPlus. 

•	 Trained on WGS to better understand C. botulinum, Campylobacter and Salmonella advanced genomic tools for food safety. 

•	 Partnered on a large scale (national, interdisciplinary) Genome Canada grant applying metagenomics and WGS for better tools 
fror water quality. 

•	 Responded to a Legionella cluster, developed a better laboratory PCR test and partnered with Fraser Health.

•	 Detected the source of a large foodborne outbreak of E. coli O157.

•	 Responded to the chia seed food source outbreak of Salmonella.

•	 Introduced a new endotoxin test across BC to meet updated standards for renal dialysis.

•	 Implemented a new water safety indicator test (PCR) to meet new standards for recreational water testing guidelines. 

•	 Prepared a Canadian Water Network report on molecular methods for better environmental health monitoring.
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•	 High Volume Serology

•	 Environmental Microbiology

•	 Mycobacteriology / Tuberculosis (TB)

•	 Parasitology

•	 Public Health Advanced Bacteriology / Mycology

•	 Virology

•	 Zoonotic Diseases and Emerging Pathogens (ZEP)

2013-2014 Program Highlights



•	  Detected and genotyped agents causing disease from over 200 norovirus outbreaks, detecting the emergence of a new (GII.4 
Sydney) strain.  

•	 Partnered with Fraser Health on a prospective study to determine pertussis toxin antibody levels in pregnant women.

•	 Lead Surge Teams including strategic PCR automation methods (Liguid Handler) and Surge Training to support the Virology 
Program.

Mycobacteria/TB – Lead in Containment Level 3
•	 Developed a new PCR test for Mycobacterium avium complex to improve TATs.

•	 Updated the hsp65 Mycobacterium species database for faster, more accurate identification for patients.

•	 Extended weekend hours for sample processing and acid-fast bacilli smears to improve TATs.

•	 Innovated through research collaborations to MIRU-VNTR fingerprint and WGS of TB strains in BC.

•	 Leveraged research on M. tuberculosis genotyping (MIRU-VNTR) to create a database in BioNumerics for improved laboratory 
molecular epidemiology. 

•	 Performed rapid WGS to determine the epidemic status of a long-term M. tuberculosis outbreak in Interior Health. 

•	 Validated a cost-saving immunochromatographic test strip for rapid identification of M. tuberculosis from isolates for better TATs.

•	 Led all Programs with the Biosafety Biosecurity Biohazard Containment Program on better Containment Level 3 pratices.

Parasitology – Reference 
•	 Provided leadership for trans-Canada malaria screening of “Persons Under Investigation” for EVD.

•	 Developed a new BC Parasitology Telepathology service, improving communications with experts and clinicians and medical 
microbiologists through image-sharing and reference response.

•	 Partnered with the ZEP Program to optimize PCR to improve diagnosis by rapid detection of Entamoeba histolytica from liver 
abscesses.

•	 Ongoing validation of Toxoplasma gondii from patients with invasive disease with ZEP experts.

•	 Continued West Nile virus surveillance with positive mosquito pools confirmed by the ZEP Program using PCR.

•	 Collaborated with ZEP on questions of exotic parasitic infections with medical microbiologists and infectious disease clinicians 
across BC such as Baylisascaris, strongyloidiasis.

Public Health Advanced Bacteriology/Mycology – Advanced Public Health and Reference
•	 Partnered with health authorities, Ministry of Health, NML and the Provincial Infection Control Network (PICNet) on new BC 

guidelines and surveillance tools for emerging HCAIs for CPOs. Led first year CPO surveillance.

•	 Responded to outbreaks caused by E. coli O157.

•	 Identified multiple enteric outbreaks including a BC cluster of Salmonella Newport.

•	 Partnered with Environmental Microbiology (food/water) to respond to a large international outbreak of multi-Salmonella 
serotypes (including Newport and Hardford) linked to chia seeds.

•	 Ongoing response support for outbreaks of pertussis (whooping cough).

Program Highlights
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Program Highlights

•	 Active surveillance of STI in men who have sex with men (MSM) by testing extragenital sources for chlamydia/gonorrhea by 
molecular tests.

•	 Partnered with BCCDC Clinical Prevention Services to pilot testing for gonorrhea and chlamydia testing (GetCheckedOnline). 

•	 Identified recent re-emergence of Lymphogranuloma venereum (chlamydia) in MSM population in BC through enhanced 
surveillance.

•	 Heightened surveillance and information sharing of multidrug resistant Neisseria gonorrhoeae.

•	 Implemented automated PCR for N. gonorrhoeae and Chlamydia trachomatis infections responding to increased test volumes by 
increased efficiencies. 

Virology – Public Health and Reference Services
•	 Responded to requests for Middle East respiratory syndrome coronavirus.

•	 Rapidly verified NML EVD PCR, trained staff and implemented with 24/7 on-call EVD response using a new PCR assay for PUI.

•	 Responded to neurological complications following an increase in Enterovirus D68 and detected 180 cases in this enhanced 
surveillance.

•	 Surged to respond to influenza testing and investigated many influenza-like illness outbreaks with public health partners across 
BC.

•	 Provided rapid PCR testing for measles and mumps outbreaks.

•	 Introduced an improved and standardized real time PCR protocol, allowing multiple viruses to be detected in one run.

•	 Collaborated across other Programs to optimize automation (Liquid Handler) for testing efficiency.

Zoonotic Diseases & Emerging Pathogens – Rare and Exotic Diseases
•	 Repatriated and implemented Coccidioides (invasive fungus) and diphtheria/tetanus immune status testing to reduce costs and 

TATs.

•	 Optimized processes in the Public Health Laboratory Network linking decentralized initial (Latent TB) with centralized complex 
Interferon-Gamma Release Assay testing.

•	 Expanded the Interferon-Gamma Release Assay Program to five additional provincial sites with the Public Health Laboratory 
Network.

•	 Optimized H. pylori drug susceptibility surveillance to monitor treatment failure.

•	 Implemented a real-time, pooled PCR method to detect B. burgdorferi DNA for improved Lyme disease detection.

•	 Applied for and carried out an externally-funded 2-year Lyme field surveillance project (mice and tick sampling) to update 
distribution of possible Lyme disease vectors.

•	 Re-located high volume testing for H. pylori and syphilis screening to Central Processing and Receiving Microbiology for 
increased efficiencies and improved ergonomics.

•	 Optimized a new testing algorithm for confirmatory syphilis testing for better detection of latent cases to improve prevention (by 
treatment).

•	 Collaborated to diagnose unusual infections (Baylisascaris, strongyloidiasis, angiostrongylus) with Parasitology Program.

Program Highlights
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Academic Contributions
Our teams work together on applied public health research projects and here is a summary of some work done 
in 2013 and 2014.

2014 PUBLICATIONS
Aspinall EJ, Hutchinson SJ, Janjua NZ, Grebely J, Yu A, Alavi M, Amin J, Goldberg DJ, Innes H, Law M, Walter SR, Krajden M, Dore 
GJ. Trends in mortality after diagnosis of hepatitis C virus infection: an international comparison and implications for monitoring the 
population impact of treatment. J Hepatol. 2015 Feb;62(2):269-77. Epub 2014 Sep 6

Banerjee SK, Kearney AK, Nadon CA, Peterson CL, Tyler K, Bakouche L, Clark CG, Hoang L, Gilmour MW, Farber JM. Phenotypic 
and genotypic characterization of Canadian clinical isolates of Vibrio parahaemolyticus - 2000 to 2009. J Clin Microbiol. 2014 
Apr;52(4):1081-8.

Bigham M, Konrad S, Van Buynder P, Isaac-Renton J, El Sherif  M, Halperin  SA.  Low pertussis toxin antibody levels in two regional 
cohorts of Canadian pregnant women.  Vaccine. 2014 Nov;32(48):6493-8. 

Bruggmann P, Berg T, Ovrehus AL, Moreno C, Brandao Mello CE, Roudot-Thoraval F, Marinho RT, Sherman M, Ryder SD, Sperl 
J, Akarca U, Balik, I, BihlF, Bilodeau M, Blasco AJ, Buti M, Calinas F, Calleja JL, Cheinquer H, Christensen PB, Clausen M, Coelho 
HS, Cornberg M, Cramp ME, Dore GJ, Doss W, Duberg AS, El-Sayed MH, Ergor G, Esmat G, Estes C, Falconr K, Felix J, Ferraz ML, 
Ferreira PR, Frankova S, Garcia-Samaniego J, Gerstoft J, Giria JA, Goncales FL Jr, Gower E, Gschwantler M, Guimaraes Pessoa M, 
Hezode C, Hofer H, HusaP, Idilman R, Kabert M, Kaita KD, Kautz A, Kaymakoglu S, Krajden M, Krarup H, Laseman W, Lavancy D, 
Lazaro P, Marotta P, Mauss S, Mendes Correa MC, Mullhaupt B, Myers RP, Negro F, Nemecek V, Ormeci N, Parkes J, Peltekia KM, 
Ramji A, Razavi H, Reis N, Roberts  SK, Rosenberg WM, Sarmento-Castro R, Sarrazin C, Semela D, Shiha GE, Sievert W, Sarkel P, 
Stauber RE, Thompson AJ, Urbanek P, van Thiel I, Van Vlierbrghe H. Vandijck D. Vogel W, Waked I, Wedemeyer H, Weis N, Wiegand 
J, Yosry A, Zekry A, Van Damme P, Aleman S, Hindman SJ.  Historical epidemiology of hepatitis C virus (HCV) in selected countries.  
J Viral Hepat. 2014 May;21 Suppl 1:60-89. 

Croxen M, Prystajecky N Tang  P, Isaac-Renton  J.  Automated gel size selection to improve the quality of next-generation sequencing 
libraries prepared from environmental water samples.  Journal of Visualized Experiments.  

Dunn G, Henrich N, Holmes B, Harris L, Prystajecky N. Microbial water quality communication: public and practitioner insights from 
British Columbia, Canada. J Water Health. 2014 Sep;12(3):584-95.

Dunn G, Harris L, Cook C, Prystajecky N. 2014. A comparative analysis of current microbial water quality risk assessment and 
management practices in British Columbia and Ontario, Canada. Sci Total Environ. 2014 Jan;468-469:544-52.

Gicas KM, Vila-Rodriguez F, Pacquet K, Barr AM, Procyshyn RM, Lang DJ, Smith GN, Baitz HA, Giesbrecht CJ, Montaner JS, Krajden 
M, Krausz M, MacEwan GW, Panenka WJ, Honer WG, Thornton AE. Neurocognitive profiles of marginally housed persons with 
comorbid substance dependence, viral infection, and psychiatric illness. J Clin Exp Neuropsychol. 2014;36(10):1009-22.

Gilca V, Sauvageau C, Boulianne N, De Serres G, Couillard M, Krajden M, Ouakki M, Murphy D, Trevisan A, Dionne M. 
Immunogenicity of quadrivalent HPV and combined hepatitis A and B vaccine when co-administered or administered one month 
apart to 9-10 year-old girls according to 0-6 month schedule.  Hum Vaccin Immunother. 2014;10(8):2438-45. 

Himsworth CG, Miller RR, Montoya V, Hoang L, Romney MG, Al-Rawahi GN, Kerr T, Jardine CM, Patrick DM, Tang P, Weese 
JS. Carriage of Methicillin-Resistant Staphylococcus aureus by wild urban Norway rats (Rattus norvegicus). PLoS One. 2014 
Feb;9(2):e87983.

Himsworth CG, Zabek E, Tang P, Parsons KL, Koehn M, Jardine CM, Patrick DM. Bacteria isolated from conspecific bite wounds in 
Norway rats. Vector Borne Zoonotic Dis. 2014 Feb;14(2):94-100.

Jacka B, Applegate T, Krajden M, Olmstead A, Harrigan PR, Marshall BD, DeBeck K, Milloy MJ, Lamoury, F, Pybus OG, Lima VD, 
Magiorkinis G, Montoya V, Montaner J, Joy J, Woods C, Dobrer S, Dore GJ, Poon AF, Grebely J. Phylogenetic clustering of hepatitis C 
virus among people who inject drugs in  Vancouver, Canada.  Hepatology. 2014 Nov;60(5):1571-80.

Krajden M, Cook D, Mak A, Chu K, Chahil N, Steinberg M, Rekart M, Gilbert M. Pooled nucleic acid testing increases the diagnostic 
yield of acute HIV infections in a high-risk population compared to 3rd and 4th generation HIV enzyme immunoassays.  J Clin Virol. 
2014 Sept;61(1):132-7. 
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Kuo M, Money DM, Alvarez M, Buxton JA, Krajden M, Lester RT, Ogilvie G, Gilbert. Test uptake and case detection of syphilis, HIV 
and hepatitis C among women undergoing prenatal screening in British Columbia, 2007 to 2011.  J Obstet Gynaecol Can. 2014 Jun; 
36(6):482-90.

Law DK, Zhou J, Deng S, Hoang L, Tyrrell G, Horsman G, Wylie J, Tsang RS. Determination of serotyping antigens, clonal analysis and 
genetic characterization of the 4CMenB vaccine antigen genes in invasive Neisseria meningitidis from Western Canada, 2009 to 2013. J 
Med Microbiol. 2014 Nov;63(Pt 11):1490-9.  

Lourenco L, Lima VD, Heath K, Nosyk B, Gilbert M, Colley G, Consolacion T, Barrios R, Robert H, Krajden M, Konrad S, Murti M, 
Nelson J, May-Hadford J, Haggerstone J, Pick N, Gustafson R, Rusch M, Day I, Montaner JS. Process monitoring of an HIV treatment 
as prevention program in British Columbia, Canada. J Acquir Immune Defic Syndr. 2014 Nov;67(3):e94-109.

MacParland SA, Bilodeau M, Grebely J, Bruneau J, Cooper C, Klein M, Sagan S, Coucha N, Balfour L, Bialystok F, Krajden M, Raven 
J, Roberts E, Russell R, Houghton M, Tyrrell DL, Feld JJ; National CIHR Research Training Program in Hepatitis C. The 3rd Canadian 
Symposium on Hepatitis C Virus: Expanding care in the interferon-free era. Can J Gastroenterol Hepatol. 2014 Oct;28(9):481-7.

McCloskey RM, Liang RH, Joy JB, Krajden M, Montaner JS, Harrigan PR, Poon AF, Global origin and transmission of hepatitis C virus 
NS3 Q80 K polymorphism. J Infect Dis. 2015 Apr 15;211(8):1288-95.

Money D, Boucoiran I, Wagner E, Dobson S, Kennedy A, Lohn Z, Krajden M, Yoshida EM.  Obstetrical and neonatal outcomes among 
women infected with hepatitis C and their infants.  J Obset Gynaecol Can. 2014 Sep;36(9):785-94.

Montaner JSG, Lima VD, Harrigan PR, Lourenço L, Yip B, Nosyk B, Wood E, Kerr T, Shannon K, Moore D, Hogg RS, Barrios R, 
Gilbert M, Gustafson R, Daly P, Kendall P.  Expansion of HAART coverage is associated with sustained decreases in HIV/AIDS 
morbidity, mortality and HIV transmission: The “HIV Treatment as Prevention” experience in a Canadian setting.  PLOS ONE 2014 
Feb;9(2):e87872

Morshed MG. Current trend on syphilis diagnosis: issues and challenges. Adv Exp Med Biol. 2014;808:51-64.

Myers RP, Krajden M, Bilodeau M, Kaita K, Marotta P, Pelekian K, Ramji A, Estes C, Razavi H. Sherman M. Burden of disease and cost 
of chronic hepatitis C infection in Canada.  Can J Gastroenterol Hepatol. 2014 May;28(5):243-50.

Ngueng Feze I, Prystajecky N, Cook C, Kirby E, Knoppers BM, Ozdemir V, Dunn G, Isaac-Renton J, Joly Y.  Legal analysis of water 
quality assessment biotechnologies: Is Canada ready to surf the next wave of metagenomics testing? J Environmental Law and Practice. 
2014;26(3):201-279.

Prystajecky N, Brinkman FSL, Auk B, Isaac-Renton JL, Tang P.  Personalized genetic testing and norovirus susceptibility. Can J Infect 
Dis Med Microbio 2014 Jul;25(4):222-4. 

Prystajecky N, Huck PM, Schreier H, Isaac-Renton JL. Assessment of Giardia and Cryptosporidium spp. as a microbial source tracking 
tool for surface water: application in a mixed-use watershed. Appl Environ Microbiol. 2014 Apr;80(8):2328-36.

Razavi H, Waked I, Sarrazin C, Myers RP, Idilman R, Calinas F, Vogel W, Mendes Correa MC, Hezode C, Lazaro P, Akarca U, Aleman 
S, Balik I, Berg T, BihlF, Bilodeau M, Blasco AJ, Brandao Mello CE, Bruggman P, Buti M, Calleja JL, Cheinquer H, Christensen Pb, 
Clausen M, coelho HS, Cramp ME, Dore GJ, Doss W, Duberg AS, El-Sayed MH, Ergor G, Esmat G, Falconer K, Felix J. Ferraz ML, 
Ferrerira PR, Frankova S, Gracia-Samaniego J, Gerstoft J, Giria JA, Goncales FL Jr Gower E, Gschwantler M, Guimaraes Pessoa M, 
Hindman SJ, Hofer H, Husa P, Kaberg M, Kaita KD, Kautz A, Kaymakoglu S, Krajden M, Krarup H, Laleman W, Lavancy D, Marinho 
RT, Marotta P, Mauss S, Moreno C, Murphy K, Negro F, Nemecek V, Ormeci N, Ovrehus AL, Parkes J, Pasini K, Peltekian KM, Ramji 
A, Reis N, Roberts Sievert W, Sperl J, Starkel P, Stauberr RE, Thompson AJ, Urbanek P, Van Damme P, Van Thiel I, Van Vlierberghe H, 
Vandijck D, Wedemeyer H, Weis N, Wiegand J, Yosry A, Zekry A, Cornberg M, Mullhaupat B, Estes C.  The present and future disease 
burden of hepatitis C virus (HCV) infection with today’s treatment paradigm – volume 2.  J Viral Hepat. 2014 May;21 Suppl 1:34-59.

Skowronski D, Chambers C, Sabaiduc S, De Serres G, Dickinson J, Winter A, Fonseca K, Gubbay J, Charest H, Petric M, Krajden M, 
Mahmud S, Van Caeseele P, Kwindt T, Eshaghi A, Bastien N, Li Y.  Interim estimates of 2013/14 vaccine effectiveness against Influenza 
A(H1N1)pdm09 from Canada’s sentinel surveillance network, January 2014. Euro Surveill. 2014 Feb;19(5):pii: 20690.
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Skowronski DM, Janjua NZ, Sabaiduc S, De Serres G, Sabaiduc S, Eshaghi A, Dickinson JA, Fonseca K, Winter AL, Gubbay JB, Krajden 
M, Petric M, Charest H, Bastien N, Kwindt TL, Mahmud SM, Van Caeseele P, Li Y. Low 2013-13.  Influenza vaccine effectiveness 
associated with mutation in the egg-adapted H3N2 vaccine strain not antigenic drift in circulating viruses.  PloS One. 2014 
Mar;9(3):392153.

Skowronski DM, Janjua NZ, Sabaiduc S, De Serres G, Winter AL, Gubbay JB, Dickinson JA, Fonseca K, Charest H, Bastien N, Li Y, 
Kwindt TL, Mahmud SM, Van Caeseele P, Krajden M, Petric M.  Influenza A/subtype and B/lineage effectiveness estimates for the 
2011-12 trivalent vaccine: Cross-season and cross-lineage protection with unchanged vaccine. J Infect Dis. 2014 Jul;210(1):126-37.

Skowronski DM, Chambers C, Sabaiduc S, Janjua NZ, Li G, Petric M, Krajden M, Purych D, Li Y, De Serres.  Pre- and post-pandemic 
estimates of 2009 pandemic influenza A(H1N1) seroprotection to inform surveillance-based incidence, by age, during the 2013-2014 
epidemic in Canada.  J Infect Dis. 2015 Jan;211(1):109-14. Epub 2014 Jun 2.

Skowronski DM, Chambers C, Osei W, Walker J, Petric M, Naus M, Li Y, Krajden M. Case series of rash associated with influenza B in 
school children.  Influenza Other Respir Viruses. 2015 Jan;9(1):32-7. Epub 2014 Nov 10. 

Smith, LW, Khurshed F, van Niekerk DJ, Krajden M, Greene SB, Hobbs S, Coldman AJ, Franco EL, Ogilvie GS. Women’s intentions to 
self-collect samples for human papillomavirus testing in an organized cervical cancer screening program.  BMC Public Health. 2014 
Oct 10;14(2):1060. 

Taylor D, Durigon M, Davis H, Archibald C, Konrad B, Coombs D, Krajden M, Wong T, Ogilvie G. Probability of a false negative HIV 
antibody test result during the window period: a tool for pre and post-test counselling.  Int J STD AIDS. 2015 Mar;26(4):215-24. Epub 
2014 Jul 16. 

Taylor D, Durigon M, Davis H, Archibald C, Konrad B, Coombs D, Krajden M, Wong T, Ogilvie G. Probability of a false negative HIV 
antibody test result during the window period: a tool for pre and post-test counselling.  Int J STD AIDS. 2015 Mar;26(4):215-24. Epub 
2014 Jul 16.

Tsang RS, Shuel M, Jamieson FB, Drews S, Hoang L, Horsman G, Lefebvre B, Desai S, St-Laurent M. Pertactin-negative Bordetella 
pertussis strains in Canada: characterization of a dozen isolates based on a survey of 224 samples collected in different parts of the 
country over the last 20 years. Int J Infect Dis. 2014 Nov;28:65-9. 

van Schalkwyk J, Nourmoussavi M, Massey A, Gustafson R, Brodkin E, Petric M, Krajden M, Dobson S, Buxton J, Bigham M, Pick 
N, Schreiber R, Sherlock CH, Money D, Yoshida EM.  Missed opportunities for prevention of perinatal transmission of hepatitis B: A 
retrospective cohort study. Can J Gastroenterol Hepatol. 2014 Nov;28(10):525-8.

Wedemeyer H, Duberg AS Buti M, Rosenberg WM, Frankova S, Esmat G, Ormeci N, Van Vlierberghe H, Gschwantler M, Akraca U, 
Aleman S, Balik I, Berg T, Bihl F, Bilodeau M, Blasco AJ, Brandao mello CE, Gschwantler M, Akarca U, Aleman S, Balik I, Berg T, Bihl 
F, Bilodeau M, Blasco AJ, Brandao Mello CE, Bruggmann P, Calinas F, Calleja JL, Cheinquer H. Christensen PB, Clausen M, Coelho 
HS, Cornberg M, Crampt ME, Dore GJ, Doss W, El-Sayed MH, Ergor G, Estes C, Falconer K, Felix J. Ferraz ML, Ferriera PR, Garcia-
Samaniego J, Gerstoft J, Giria JA, Goncales FL Jr, Guimaraes Pessoa M, Hezode C, Hindman SJ, Hofer H, Husa P, Idilman R, Kaberg M, 
Kaita KD, Kautz A, Kayamkoglu S, Krajden M, Krarup H, Laleman W, Lavanchy D, Lazaro P, Marinho RT, Marotta P, Mauss S, Mendes 
Correa MC, Moreno C, Mullhaupt B, Myers RP, Nemecek V, Ovrehus Al, Parkes J, Peltekian KM, Ramji A, Razavi H. Reis N, Roberts 
SK, Routdot-Thoraval F, Ryder SD, Sarmento-Castro R, Sarrazin C, Semela D, Sherman M, Shiha GE, Sperl J, Starkel P, Staubert RE, 
Thompson AJ, Urbanek P, Van Damme P, van Thiel I, Vandijck D, Vogel W, Waked I, Weis N, Wiegan J, Yosry A, Zekry A, Negro F, 
Sievert W, Gower E.  Strategies to manage hepatitis C virus (HCV) disease burden. J Viral Hepat. 2014 May;21 Suppl 1:60-89. 

Academic Contributions

BC Public Health Microbiology & Reference Laboratory      22



Academic Contributions

2013 PUBLICATIONS
Alavi M, Raffa JD, Deans GD, Lai C, Krajden M, Dore GJ, Tyndall MW, Grebely J.  Continued low uptake of treatment for hepatitis C 
virus infection in a large community-based cohort of inner city residents.  Liver Int. 2014;34(8):1198-206.

Allen KJ, Laing CR, Cancarevic A, Zhang Y, Mesak LR, Xu H, Paccagnella A, Gannon VP, Hoang L. Characteristics of clinical Shiga 
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Emerg Infect Dis. 2013 Jun;19(6):961-8.
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pandemic H1N1 influenza. PLoS ONE. 2013;8(7):e69559.

Chu, HT, Hsiao W, Chih J, Yeh TJ, Tsai MH, Lin H, Liu WW, Lee SA, Chen CC, Tsao T and Kao CY.  “EBARDenovo:  Highly accurate 
de novo assembly of RNA-Seq with efficient chimera-detection. Bioinformatics. 2013 Ap;29(8):1004-10.

Chu HT, Lin H, Tsao TT, Chang CF, Hsiao WW, Yeh TJ, Chang CM, Liu YW, Wang TY, Yang KC, Chen TJ, Chen JC ,Chen KC, Kao CY. 
Genotyping of human neutrophil antigens (HNA) from whole genome sequencing data. BMC Med Genomics. 2013 Sep;6:31.

Cook C, Dunn G, Isaac-Renton J, Joly Y, Ngueng Feze I, Kirby E, Ozdemir V.  A comparison of the regulatory frameworks governing 
microbial testing of drinking water in three Canadian provinces.  Canadian Water Resources Journal. 2013;38:185-95.
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Hsiao WW, Tsao TT, Hsu DF, Chen CC, Lee SA, Kao CY. SeqEntropy: genome-wide assessment of repeats for short read sequencing. 
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Skowronski D, Janjua N, De Serres G, Dickinson J, Winter A, Mahmud S, Sabaiduc S, Gubbay J, Charest H, Petric M, Fonseca K, 
Van Caeseele P, Kwindt T, Krajden M, Eshaghi A, Li Y.  Interim estimates of influenza vaccine effectiveness in 2012/13 from Canada’s 
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Van Buynder PG, Konrad S, Van Buynder JL, Brodkin E, Krajden M, Ramler G, Bigham M. The comparative effectiveness of 
adjuvanted and unadjuvanted trivalent inactivated influenza vaccine (TIV) in the elderly. Vaccine. 2013 Dec;31(51):6122-8.

Vila-Rodriguez F, Panenka WJ, Lang DJ, Thornton AE, Vertinsky T, Wong H, Barr AM, Procyshyn RM, Sidhu JJ, Smith GN, Buchanan 
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Yu A, Spinelli JJ, Cook DA, Buxton JA, Krajden M. Mortality among British Columbians testing for hepatitis C antibody. BMC Public 
Health. 2013 Apr;13:291. 

2014 CONFERENCE PROCEEDINGS
Alavi M, Grebely J, Raffa J, Deans G, Lai C, Krajden M, Dore, G, Tyndall, M. (2014).  Continued low uptake of treatment for hepatitis 
C virus infection in a large community based cohort of inner city residents.  3rd Canadian Symposium on Hepatitis C Virus, Toronto, 
ON, February 7.

Chahil N, Chu K, Mak A, Cook D, McNabb A, Krajden M. (2014).   Dual Enzyme Immunoassay (EIA) screening for confirmation of 
HCV Infection. AMMI Canada - CACMID Annual Conference, Victoria, BC, April 3-5.

Chambers C, Skowronski, DM, Sabaiduc S, Purych D, Janjua, NZ, De Serres G, Petric M, Krajden, M, Kobasa, D, Li Y. (2014).  
Seroprotection against emerging and re-emerging influenza viruses: Results of an age-based serosurvey, British  Columbia, AMMI 
Canada - CACMID Annual Conference, Victoria, BC, April 3-5.

Chou F, Croxen MA, Jassem AN, Pintar K, Pollari F, Paccagnella A, Isaac-Renton J, Hoang L and Prystajecky N.  (2014).  Pooled 
nucleic acid amplification test for screening of stool speciments for shiga toxin-producing Escherichia coli. AMMI Canada - CACMID 
Annual Conference, Victoria, BC, April 3-5.

Chu K, Cook D, Mak A, Chahil N, Steinberg, M, Gilbert M, Krajden M. (2014).  Pooled nucleic acid testing increases the diagnostic 
yield of acute HIV infection compared to 3rd and 4th generation HIV EIA.  AMMI Canada - CACMID Annual Conference, Victoria, 
BC, April 3-5.

Cook D, Chan T, Mei W, Utokaparch S, Lo J, Smith L, van Niekerk D, Ceballos K, Ogilvie G, Coldman A, Krajden M. (2014).  HPV 
focal trial: Abnormal cervical cytology from specimens containing only low-risk HPV types.  29th Annual International Papillomavirus 
Conference, Washington, USA, Aug 21-25.

Courtot M, Dooley D, Griffiths E, Adam J, Bristow F, a Carrico J, Dhillon BK, Laird M, Matthews T, Petkau A, Silva M, Winsor G, 
IRIDA Ontology Advisory Group, Schriml LM, Van Domselaar G, Brinkman F, Hsiao W.  (2014). Design and implementation of an 
ontology for public health genomic epidemiology.  Global Microbial identifier (GMI) 7, York, UK, Sept. 

Drebot M, Forest D, Morshed M. (2014). A case of Jamestown Canyon virus associated encephalitis in British Columbia. International 
Conference on Diseases in Nature Communicable to Man. Vancouver, BC, Aug 10-12.

Himsworth CG, Zabek E, Desruisseau A, Parmley J, Reid-Smith R, Jardine CM, Tang P, Kerr T, Patrick DM. (2014).  Prevalence and 
characteristics of Escherichia coli and Salmonella spp. in the feces of wild urban Norway and black rats:  Implications for public health.  
International Conference of the Wildlife Disease Association, Albuquerque, NM, July 27.

Hoigaard A, Morshed M, Lee KK, Piesman J. (2014).  Testing Ixodes ticks from British Columbia for pathogens using a multiplex 
TaqMan PCR assay and, Ion Torrent Next generation sequencing technology.  International Conference on Diseases in Nature 
Communicable to Man. Vancouver, BC, Aug 10-12.
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Hsiao W, Bristow F, MaBhews T, Adam J, Carrico JA, Courtot M, Chillon B, Dooley D, Griffiths E, Isaac-Renton J, Keddy A, 
Kruczkiewcz P, Laird M, Petkau A, Schriml L, Shay J, Taboada E, Tang P, Winsor G, Beiko RG, Van Domselaar G, Graham M, 
The IRIDA Consorbum, Fiona Brinkman. (2014). IRIDA: Canada’s federated platform for genomic epidemiology.  14th Genome 
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Hyrina, A, Krajden, M, Tam, E, Jean F.  (2014). Non-invasive diagnosis of hepatitis C virus-associated liver diseases based on 
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Jacka B, Krajden M, Applegate T, Olmstead A, Harrigan R, DeBeck, K, Milloy, M-J, Lamoury F, Woods C, Brumme, Z, Dobrer, S.  
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Jacka, B, Poon A, Applegate TL, Krajden M, Olmstead A, Harrigan R, Marshal BD, DeBeck K, Milloy MJ, Lamoury F, Pybus O, Lima V, 
Magiokinis G, Montoya V, Montaner J, Joy J, Dore GJ, Kerr T, Wood E, Grebely J. (2014).  Hepatitis C virus network dynamics among 
people who inject drugs in Vancouver, BC.  AASLD, Liver Meeting 2014, Boston, MA, Nov 7-11.

Jassem AN, Chou F, Yang YC, Croxen MA, Pintar K, Hoang L, Prystajecky N. (2014).  Evaluation of a pooled nucleic acid amplification 
test for Shiga toxin – Producing Escherichia coli detection. Interscience Conference on Antimicrobial Agents and Chemotherapy, 
Washington DC, Sept 5-9.

Jassem AN, Prystajecky N, Marra F, Kibsey P, Tan K, Umlandt P, Janz L, Champagne S, BCAMM Members, Gamage B, Henry B, Hoang 
L. (2014).  Molecular epidemiology of Clostridium difficile in a British Columbia community: Shift in pulsed-field gel electrophoresis 
profiles between 2008 and 2013.  AMMI Canada - CACMID Annual Conference, Victoria, BC, April 3-5. 

Larouche A, Le Campion A, Fauteux-Daniel S, Boulais J, Boucher M, Lapointe N, Krajden M, Money D, Soundeyns H.  (2014).  High-
resolution rendering of HCV quasispecies evolution during pregnancy.  3rd Canadian Symposium on HCV, Toronto, ON, February 7.

Luo I, Montoya V, Olmstead A, Lamoury F, Applegate T, Grebely J, Krajden M. (2014).  Phylogenetic analysis of distinct hepatitis C 
virus genomic regions for identification of transmission clusters in British Columbia. AMMI Canada - CACMID Annual Conference, 
Victoria, BC, April 3-5.

Mei W, Cook D, Chan T, Utokaparch S, Smith L, van Niekerk D, Ceballos K, Ehlen T, Ogilvie G, Krajden M. (2014).   Comparative 
evaluation of the Roche Linear Array, Seegene Anyplex ® II HPV28 and Greiner Papillocheck® HPV Genotyping Assays.  Annual 
International Papillomavirus Conference, Washington, Aug 21-25.

Montoya V, Olmstead A, Krajden M. (2014).   Investigating the relationship between Hepatitis C virus quasispecies and the duration 
of infection.  Canadian Digestive Diseases Week and Canadian Association for the Study of the Liver Meeting (A351).  Canadian J 
Gastroenterol 2014:28, Suppl A.  Toronto, ON, February 8-11. 

Morshed MG, Lee MK, Man S, Fernando K, Wong Q, Jensen K, Kahnamelli B, Tang P, Patrick DM, Mak S, Henry B. (2014).  
Surveillance for Borrelia burgdorferi in Ixodes Ticks and Mice in British Columbia.  IDSA Week, Philadelphia, PA, Oct. 8-12.

Morshed M. (2014). An update of Lyme disease in British Columbia. 69th International Conference on Diseases in Nature 
Communicable to Man. Vancouver BC, Aug 10-12. 

Myers R, Bilodeau M, Kaita, K, Krajden M, Marotta P, Peltekian, K, Ramji A, Razavi H, Estes C, Sherman M.  (2014).  The burden of 
disease and cost of chronic hepatitis C virus infection in Canada.  Canadian Digestive Diseases Week and Canadian Association for the 
Study of the Liver Meeting (A36).  Canadian J  Gastroenterol 2014:28, Suppl A.  Toronto, ON, February 8-11.

Ogilvie, G, Naus M, Money D, Dobson S, Miller D, Krajden M, van Niekerk D, Coldman A. (2014).  Cervical dysplasia rates in young 
women ages 15-18 in a population based cervical cancer screening program after introduction of the HPV vaccine: An ecological 
analysis.  Annual International Papillomavirus Conference, Washington, Aug 21-25.
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Ogilvie G, Smith L, Cook D, vanNiekerk D, Krajden M, Ehlen T, Stuart G, Martin R, Peacock S, Franco E, Coldman A.  (2014).  
Incident HPV infection rates at 48 months for negative women in the HPV focal trial.  Annual International Papillomavirus 
Conference, Washington, Aug 21-25.

Ogilvie G, Smith L, Cook D, vanNiekerk D, Krajden M, Ehlen T, Stuart G, Martin R, Peacock S, Franco E, Coldman A.  (2014).  HPV 
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Washington, Aug 21-25.

Olmstead A, Montoya V, Joy J, Luo I, Janjua, NZ, Poon A, Jacka B, Lamoury F, Applegate, TL, Grebeley J, Harrigan R, Krajden M. 
(2014).  Molecular sequencing and phylogenetics as enhanced surveillance tools for monitoring Hepatitis C virus transmission 
dynamics in British Columbia.  AASLD, the Liver Meeting 2014, Boston, MA, Nov 7-11.

Olmstead A, Montoya V, Joy J, Poon A, Grebely J, Harrigan R, Krajden M. (2014).   Molecular phylogenetics of hepatitis C virus (HCV) 
as a tool to understand the HCV epidemic in British Columbia.  Canadian Digestive Diseases Week and Canadian Association for the 
Study of the Liver Meeting (A28).  Canadian J Gastroenterol 2014:28, Suppl A.  Toronto, ON, February 8-11.

Olmstead A, Montoya V, Krajden M, Harrigan PR. Poon A FY, Joy JB. (2014).  Phylodynamic analysis of a regional hepatitis C virus 
epidemic.  3rd Canadian Symposium on Hepatitis C Virus, Toronto, ON, February 7.

Peabody MA, Van Rossum T, Uyaguari-Diaz MI, Tian X, Vlok M, Cronin K, Croxen MA, Crisan A, Laird MR, Lo R, Hsiao WWL, 
Suttle CA, Prystajecky NA, Isaac-Renton JL, Tang PKC, Brinkman FSL. (2014). Identifying markers of water quality through watershed 
metagenomics.  20th Annual International Meeting on Microbial Genomics, Lake Arrowhead, CA, Sept. 14-18.

Peabody MA, Van Rossum T, Uyaguari Diaz MI, Tian X, Vlok M, Cronin K, Croxen MA, Crisan A, Laird MR, Lo R, Hsiao WWL, 
Suttle CA, Prystajecky NA, Isaac-Renton JL, Tang PKC, Brinkman FSL. (2014).   Towards watershed monitoring through novel genetic 
tests.  Genomics: the Power & the Promise.  Ottawa, ON, Nov 24-26.

Smith L, Khurshed F, van Niekerk D, Krajden M, Greene s, Hobbs S, Coldman A, Franco E. (2014).  Assessing women’s intentions to 
self-collect cervical specimens for human papillomavirus testing in a Canadian organized cervical cancer screening program.  Annual 
International Papillomavirus Conference, Washington DC, Aug 21-25.

Smith L, Ogilvie G, Phillips N,  van Niekerk D, Peacock S, Krajden M, Cook D, Quinlan D, Ehlen T, Miller D, Stuart G, Martin R,  
Franco E, Coldman A. (2014).  Impact of HPV primary testing on demand for colposcopy services in a population screening program.  
Annual International Papillomavirus Conference, Washington DC, Aug 21-25.

Tsui C, Hsiao W, Tang P, Isaac-Renton J, Prystajecky N. (2014).  Investigation of waterborne outbreaks of Giardiasis by whole genome 
sequencing.  International Giardia and Cryptosporidium Conference.  Uppsala, Sweden, May 26-30.

Van Rossum T, Peabody MA, Uyaguari Diaz MI, Croxen MA, Cronin K, Laird MR, Lo R, Tian X, Hsiao WWL, Suttle CA, Prystajecky 
NA, Isaac-Renton JL, Tang PKC, Brinkman FSL. (2014).   Metagenomic study of freshwater communities impacted by agricultural and 
urban contamination to identify improved biomarkers of water quality.  International Society for Microbial Ecology, Seoul, Korea, Aug. 
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Van Rossum, T, Peabody, MA, Uyaguari Diaz MI, Croxen MA, Cronin K, Crisan A, Laird MR, Lo R, Tian X, Hsiao WWL, Suttle 
CA, Prystajecky NA, Isaac-Renton JL, Tang PKC, Brinkman FSL. (2014). Towards improving biomarkers of water quality using 
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Van Rossum T, Peabody MA, Uyaguari Diaz MI, Croxen  MA, Cronin, K , Crisan A,  Laird  MR, Lo R, Tian X, Hsiao WWL, Suttle 
CA, Prystajecky NA, Isaac-Renton J. (2014). Use of metagenomic DNA sequencing technologies to identify markers of water quality.  
Society of Environmental Toxicology and Chemistry, Vancouver, BC, Nov 9.

Wong J, Auk B, Wong B, Prystajecky N, Moreau D, Hoyano D, Kibsey P, Isaac-Renton J. (2014).  Foodborne botulism: Urgent 
collaboration and consultation required. AMMI Canada - CACMID Annual Conference, Victoria, BC, April 3-5.
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Bernard  K, Pacheco Al,  Burdz T, Wiebe D, Ng B, Van Caseele P, Gall R, Hoang L. (2013). Characterization of three strains of the 
recently described genus Auritidibacter referred to the National Microbiology Laboratory. AMMI Canada – CACMID Annual 
Conference, Quebec City, April 4-6.

Buxton J, Tzemis  D, Tang W, Yu  A, Krajden M.  (2013). The BC Harm Reduction Supply Distribution Program:  Preventing HIV and 
HCV in British Columbia (BC).  22nd Annual Canadian Conference on HIV/AIDS Research, Vancouver, BC.  April 11-14.  

Dunn G, Harris L, Prystajecky N, Cook  C. (2013). A comparative analysis of microbial water quality risk assessment and management 
practices in British Columbia and Ontario, Canada. Canadian Meteorological & Oceanographic Society (CMOS) & Canadian Water 
Resources Association (CWRA)., Saskatoon, SK. May 28.

Eisbrenner  T, Shane  A , Desai S, Li Y , Macey J , Lipskie T, Khalil  N , Isaac-Renton  J. Petric M, Krajden M , Chang  Y, Macdonald  
K, Naus M, Sahni  V, Fonseca K , May-Hadford  J , Grant  C, St. Jean T , Lachance L , Nolt  S , Robberts , Gilbert L, O’Keefe C, Butler  
G, Beirnes  J,  Hiebert J,  Severini  A,  Mukhi S, Tipples  G.  (2013). The Mars Pilot Project:  Using laboratory data to estimate the 
performance of national measles and rubella surveillance.  AMMI Canada – CACMID Annual Conference, Quebec City, April 4-6.

Fielden  S, Pedersen H, Ogilvie G, Krajden M, McAloney C, Gilbert M. (2013). BC’s Provincial Point of Care “RAPID” HIV Testing 
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BC		  British Columbia
BCCDC		 BC Center for Disease Control
BCPHMRL	 BC Public Health Microbiology & Reference Laboratory
CAP		  College of American Pathologists
CPHLN		  Canadian Public Health Laboratory Network
CPO		  Carbapenamase-Producing Organisms
DAP		  Diagnostic Accreditation Program
EWQA		  Enhanced Water Quality Assurance
EVD 		  Ebola Virus Disease 
HC		  Health Canada
HCAI		  Health Care Acquired Infection
HPTA		  Human Pathogens and Toxins Act
MSM		  Men who have sex with men
NAT		  Nucleic acid amplification testing
NML		  National Microbiology Laboratory 
PCR		  Polymerase chain reaction
PHAC		  Public Health Agency of Canada 
PHO		  Provincial Health Officer 
PHSA		  Provincial Health Services Authority
PICNet		  Provincial Infection Control Network
RG4		  Risk Group 4
TAT		  Turnaround time
TB		  Tuberculosis
WGS		  Whole genome sequencing
ZEP		  Zoonotics and Emerging Pathogens [Program]
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