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Summary

 The pathogen

 A clinical diagnosis

 A laboratory diagnosis

 Additional laboratory roles

 Limitations of the laboratory

www.flickr.com

The pathogen

 Family of enveloped RNA viruses 
with a segmented genome

 Influenza A ςstrain shift and drift

 Influenza B ςstrain drift

 Influenza C ςrarely causes disease

 Influenza A has a large number 
of animal hosts: 

 Birds, Pigs, Horses, Seals

Mandel et al. Principles and Practice of 

Infectious Diseases, Elsevier 2005

The pathogen

 Transmission occurs by:

 Inhalation of small particle aerosols

 Direct contact with contaminated surfaces or infected 
individuals

 Infectivity: R0 = 1.5-4

 Compared with:
 Measles: R0 = 10-15

 Pertussis: R0 = 16-18

 SARS: R0 = 3

 Higher in closed 
environments en.wikipedia.org

The pathogen

 Viral shedding precedes symptoms (approximately 24 h)
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 !ǎȅƳǇǘƻƳŀǘƛŎ ƛƴŦŜŎǘƛƻƴ ƻŎŎǳǊǎ όҒ оо҈ύ

The pathogen

 Protective immunity is through 
antibodies again haemogglutinin

 RNA polymerases lack the ability 
to proof-read 

 Mutations occur more frequently 
with RNA viruses

 Mutations result in periodic 
changes in haemogglutinin: 
Strain drift

 Strain drift makes immunity 
short lived: annual epidemics

http://upload.wikimedia.org/wikipedia/commons/7/77/Sneeze.JPG
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The pathogen
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 A segmented genome allows the 
genetic reassortment of the 
influenza genome: Strain shift

 No (little) protective immunity 
exists against new reassorted 
viruses: episodic pandemics

Influenza: a global threat

 Moderate infectious

 Asymptomatic shedding

 Short incubation period

 Able to avoid long term    
immune control through        
strain shift and drift

 Increasing population 
movement

Influenza: an ever present global infectious threat

en.wikipedia.org

A clinical diagnosis

 Can you clinically differentiate influenza from other 
respiratory viral infections?

A clinical diagnosis

 Numerous definitions exist for influenza-like illness

Source Case definition

CDC T>37.8 C plus cough or sore throat

Pelletier 1999
(Canada)

Fever and /or chills plus > 1 of cough, sore throat, arthralgia, 

myalgia or prostration.

Govaert 1998
(Netherlands)

TÓ38.0C plus 1 of cough, coryza, sore throat, frontal headache, 

retrosternal pain, myalgia

Carrat 1999
(France)

TÓ39.0C plus myalgias or respiratory symptoms

Manuguerra 2000 
(Italy)

Sudden onset fever > 38.0 C plus 1 of cough, nasal congestion, 

sore throat

ASPREN 2000 
(Australia)

6 of the following features: sudden onset illness, fever, cough,    

rigors or chills, prostration or weakness, headache, myalgia,                  

redness of nasal mucosa and throat, influenza in close contacts

Thursky KA et al. J Clin Vir 2003

A clinical diagnosis

 Influenza-like illness: how good is a definition?

Thursky KA et al. J Clin Vir 2003

Case definition Sensitivity Specificity PPV NPV 

CDC: T>37.8 C + 
cough or sore throat

88-100% 7-28% 13-21% 97-100%

Fever, cough 56-85% 28-61% 15-56% 70-91%

Fever, cough, 
myalgia

48-85% 28-75% 18-55% 64-91%

Fever, cough, 
fatigue

44-75% 47-81% 23-60% 64-91%

Fever, cough, 
fatigue, myalgia

35-72% 47-87% 27-59% 61-91%

A clinical diagnosis

 Influenza-like illness: how good is a definition?

Van Hal SJ et al. PloS ONE 2009

Case definition Sensitivity Specificity PPV NPV 

CDC: T>37.8 C + 
cough or sore throat

44% 93% 84% 67%

NSW Health:
T>38 C + cough + 

one other symptom
27% 96% 85% 62%

Outbreak definition:
History of fever + 

cough
67% 60% 58% 68%
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A clinical diagnosis

asymptomatic

mild disease

moderate disease

severe disease

death

Seasonal influenza Pandemic influenza

Serosurveys suggest that 15-30% of the 

population represent the base of the pyramid

A clinical diagnosis

 It is impossible to reliably distinguish influenza from 
other respiratory illnesses using clinical features

 The only way to diagnose influenza is with a    
laboratory test

 This has implications for:

 Surveillance

 Infection control

 Therapy

A.D.A.M

A laboratory diagnosis

Type of test Sensitivity Turn around time

Point of care test 50-70% 15-30 minutes

Immunofluorescent 

antibody assay
70-90% 2-4 hours

Nucleic acid detection Up to 100% 6-12 hours

Viral isolation 70-90% 2-7 days

Antibody detection 

(serology)
Up to 100% 1-3 weeks

Antigen detection

 Respiratory specimens

 Detection of conserved 
proteins present in influenza

G Neumann et al Nature 2009

A B neg

Green:             
+ve for influenza

Red: negative

Nucleic acid detection

G Neumann et al Nature 2009

 Respiratory specimens

 Detection of specific genetic 
targets from viral genome

Viral isolation

 Respiratory specimens

 Culture of influenza virus in 
in-vitro cell line


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Antibody detection

 Plasma / serum specimens

 Numerous different methods

 Detection of antibodies

 Seroconversion

 High titres in acute 
samples (problematic)

A laboratory diagnosis

Type of test Advantages Disadvantages

Point of care test

Rapid

Simple to perform

No specialised equipment required

A and B typing possible

Expensive

Limited shelf life

Lower sensitivity

Specimen quality important

Immunofluorescent 

antibody assay

Rapid

Simultaneous testing for other 

respiratory viruses possible

A and B typing possible

Technical expertise required

Specialised laboratory required

Specimen quality important

Labour intensive

Nucleic acid 

detection

Most sensitive assay

Typing and subtyping possible

Can detect viable and non-viable virus

Specimen quality less important

Technical expertise required

Specialised laboratory required

Expensive

Viral isolation
Provides viral isolates for 

characterisation, surveillance and 

vaccine development

Technical expertise required

Specialise laboratory required

Cell lines need to be maintained

Antibody detection 

(serology)
Sensitive

Typing (and subtyping possible) 

Delay required for diagnosis

Specific serology is time consuming

Additional laboratory roles

 The laboratory can assist by providing clinicians 
with a suite of rapid and sensitive diagnostic tests

 In the 21st century, the laboratory is required to do 
much more than just make a diagnosis:

 Global surveillance

 Test validation

 Subtyping

 Sensitivity testing 

 Determine infectivity

Pandemic 

Influenza A 

H1N109
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same
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pH1N109 
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available in Sydney, 

Melbourne, 

Brisbane and Perth

First 

Queensland 
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1st

confirmed 

case 2nd

confirmed 

case

Global surveillance: A/H1N109

2009

The world is now at the start 

of the 2009 influenza 

pandemic.

No previous pandemic has 

been detected so early or 

watched so close, in real time, 

right at the very beginning. 

The world can now reap the 

benefits of investments, over 

the last five years in pandemic 

preparedness.

We are all in this together, and 

we will all get through this, 

together.

Dr Margaret Chan

Director-General of the 

World Health Organisation

11th June 2009

Global surveillance: A/H1N109

 Through global laboratory surveillance 
network, a novel virus had been 
ŘŜǘŜŎǘŜŘ ŀƴŘ ŎƘŀǊŀŎǘŜǊƛǎŜŘ ōȅ WǳƴŜ Ψлф

Garten RJ et al. Science 2009

http://en.wikipedia.org/wiki/File:Flag_of_Mexico.svg
http://en.wikipedia.org/wiki/File:Flag_of_the_United_States.svg
http://en.wikipedia.org/wiki/File:Flag_of_the_United_States.svg
http://en.wikipedia.org/wiki/File:Flag_of_the_United_States.svg
http://en.wikipedia.org/wiki/File:Flag_of_WHO.svg
http://en.wikipedia.org/wiki/File:Flag_of_New_Zealand.svg
http://en.wikipedia.org/wiki/File:Flag_of_New_Zealand.svg
http://www.calautism.org/media/rte/cdc.jpg
http://en.wikipedia.org/wiki/File:Flag_of_Australia.svg
http://en.wikipedia.org/wiki/File:Flag_of_Australia.svg
http://en.wikipedia.org/wiki/File:Flag_of_Australia.svg
http://en.wikipedia.org/wiki/File:Flag_of_Mexico.svg
http://www.calautism.org/media/rte/cdc.jpg
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Test validation: A/H1N109

 In order to interpret diagnostic tests, these tests 
need to be validated:

 All types of diagnostic tests

 All patient types

 All specimen types

 This process is particularly difficulty with the 
pressures of an approaching pandemic

Test validation: A/H1N109

 Test validation for nucleic acid detection: A/H1N109

0.00%

25.00%

50.00%

75.00%

100.00%

PanA Matrix Protein H1N109 Nucleoprotein

 PCRs against novel 
influenza components   
are more sensitive      
than those against 
conserved pan-influenza 
components

AusDiagnostics Pty Ltd

91.4%

Performance of existing and newly 
developed PCR for A/H1N109 

Relying on existing PCR assays 

would have missed å 10% of 

patients infected with A/H1N109

Test validation: A/H1N109

 Test validation for antigen detection: A/H1N109

Kok J et al. ICAAC 2009

0 ï1 years 2 ï5 years 6 ï15 years >15 years

Performance of QuickVue POCT and D3 Ultra IFA against PCR for    
pandemic and seasonal influenza viruses 

Seasonal Influenza APandemic influenza A/H1N109

Antigen detection is more 

sensitive in children compared 

with adults

Existing antigen detection 

performed poorly for A/H1N109, 

particularly in adults

Test validation: A/H1N109

 Antigen detection in severe influenza

 Paired upper / lower tract samples (n=21)

Blyth CC et al NEJM 2009; ANZIICS investigators, JAMA 2009

p < 0.01
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Antigen
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p < 0.01 p < 0.01

PCRAntigen

Performance of antigen tests against PCR for 
severe pandemic influenza

Antigen detection performed particularly poorly in 

adults with severe influenza

The sensitivity of upper respiratory tract samples was 

reduced in adults with severe influenza

Subtyping

 During the pandemic, rapid subtyping was requested 
for public health purposes to track to pandemic

 Typing ςinfluenza A or B

 Subtyping ςInfluenza A/H1N109, seasonal A/H1N1, 
seasonal A/H3N2

0

100

200

300

18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37

0

100

200

300

400

500

600

700

18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37

New Zealand

NSW

weeks

weeks weeks

18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37

South Africa

WA

weeks

Blyth CC et al. Eurosurveillance 2010

Sensitivity Testing

 Subtyping and sensitivity testing are related

WHO: Influenza A virus resistance to oseltamivir and other antiviral medicines, 4th June 2009

Oseltamivir Zanamivir Adamantanes

Seasonal 
Influenza 

A/H3N2

Seasonal 
Influenza B

Seasonal 
Influenza 

A/H1N1

2008

Influenza subtype and antiviral 

sensitivity are closely associated

Therefore subtyping influences 

antiviral therapy
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Sensitivity Testing

 Resistance can emerge on therapy

 H1N1, H5N1: H274Y mutation

 H3N2: R292K, N294S mutation

Wang B et al. Antiviral research 2010.

H274Y Oseltamivir resistance

Pandemic 
H1N109

Pre oseltamivir 
n = 54

Post oseltamivir 
n = 26

2009

Developing resistance on Rx:

1 immunocompromised adult

1 immunocompetent adult

1 immunocompromised child

Determine infectivity

 If culture positive = infective

 Prolonged viral shedding is normally seen in:

 Children and Immunocompromised

 Prolonged viral shedding may also be a 
marker of antiviral resistance

 Persistent viral detection (antigen / PCR) may be a 
marker of infectivity

 Laboratories are required to assist in determining 
infectivity and advising about isolation

Determine infectivity

 Paired upper and lower tract samples in ICU 
patients with severe influenza

Data modif ied from Blyth CC et al. NEJM 2009

Although PCR positivity Í Infectivity, 

it may be used as a guide

Limitations of the laboratory

Laboratory            

turn-around-time 

(TAT)

Time from a   

clinical diagnosis   

to result

Í

1) Specimen preparation

2) Testing

3) Resulting

1) Clinical decision

2) Sampling collection

3) Sample transport

4) Sample registration

5) Waiting for óenoughô samples 

(batching)

6) Specimen preparation

7) Testing

8) Resulting

9) Data entry or notification

10)Clinical decision 

Summary

 The pathogen: 

 A clinical diagnosis: 

 A laboratory diagnosis:

 Additional laboratory roles:

 Limitations of the laboratory:

Complex and ever changing

Clinical diagnosis is insufficient

Numerous possible tests

Many additional roles

Turn around time

How we can help you? 
should be

How can we help each other? 


