SUPPLEMENT

Laboratory diagnosis of human seasonal and
pandemic influenza virus infection

Dominic E Dwyer, David W Smith, Michael G Catton and lan G Barr

aboratory diagnosis is important in managing influenza

virus infection, either in the context of the annual winter

outbreaks or in a pandemic.! Rapid and accurate influenza
diagnosis improves medical management by allowing timely provi-
sion of antiviral therapy and prophylaxis, implementation of
appropriate infection control strategies for individuals and public
health responses to outbreaks, and limitation of unnecessary
investigations or antibiotic therapy.*

In the context of a threatened pandemic (whether due to the
highly pathogenic influenza A/H5N1 virus currently causing
disease among birds and some human contacts, or another novel
virus), rapid laboratory detection of the first cases or clusters in
Australia will be crucial. Australia’s early response will hinge on
containment and production of a vaccine to the pandemic strain.
These responses depend on highly sensitive strain-specific labor-
atory testing that will exclude other respiratory pathogens.
Should a pandemic spread around the world with the same
impact as the 1918 pandemic, maintaining health care and other
essential services will be paramount. To make treatment deci-
sions in this situation, less reliance may be placed on immediate
laboratory confirmation and more on the clinical diagnosis.
Nevertheless, laboratory detection will still be required for
atypical and serious cases, for situations where there are special
public health concerns, and to determine whether circulating
strains are still sensitive to antiviral drugs or whether they are
undergoing antigenic drift.

Influenza virus infection cannot be reliably diagnosed on
clinical features alone.? The clinical picture may be difficult to
distinguish from infections with respiratory syncytial virus,
parainfluenza viruses, adenoviruses, coronaviruses and meta-
pneumovirus, among others. Rational application of antiviral
chemotherapy, public health responses, and hospital or commu-
nity resources requires accurate and timely diagnosis. The
laboratory is also needed to diagnose some of the complications
of influenza, such as secondary bacterial pneumonia due to
Streptococcus pneumoniae, Staphylococcus aureus and Haemophilus
influenzae.

Influenza virus surveillance is needed to monitor both anti-
genic shift in the haemagglutinin and neuraminidase glycopro-
teins leading to pandemic strains, and antigenic drift causing the
annual variation in human influenza strains. Worldwide, this
laboratory surveillance is undertaken by the World Health
Organization Global Influenza Surveillance Network, which
consists of four Collaborating Centres and some 110 National
Influenza Centres (NICs). Australia is well served by this system,
with a WHO Collaborating Centre in Melbourne, and three
NICs, in Sydney (Institute of Clinical Pathology and Medical
Research), Melbourne (Victorian Infectious Diseases Reference
Laboratory) and Perth (PathWest Laboratory Medicine WA).
These and other laboratories, including those in the Public
Health Laboratory Network of Australasia and in the Asia-Pacific
region, contribute influenza strains to the WHO Collaborating
Centre in Melbourne, which definitively characterises circulating
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e Laboratory diagnosis is important to distinguish influenza
from other respiratory virus infections. It will be especially
important in detecting the first cases of pandemic influenza.

¢ Good quality respiratory tract sampling is needed to
maximise diagnostic yield in influenza infection.

¢ In the appropriate clinical setting, pandemic strain-specific
nucleic acid testing is the initial test of choice for suspected
pandemic influenza. It is more sensitive than virus isolation,
and more sensitive and specific than serology,
immunofluorescence and other antigen detection methods.

e Virusisolation is needed to monitor new influenza strains and
for vaccine development. Analysis of influenza isolates is
undertaken by the World Health Organization Global
Influenza Surveillance Network.

e Monitoring for antiviral resistance will be needed with
widespread use of neuraminidase inhibitors for treatment and
prophylaxis during a pandemic.
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influenza virus strains, collates and disseminates data on regional
and global influenza epidemiology, evaluates drug resistance,
distributes reagents for influenza diagnosis and identification,
and develops laboratory techniques.* Box 1 shows the winter
peaks of influenza virus detection over the past 2.5 years in
Australia.

Laboratory diagnosis

A definitive diagnosis of seasonal human influenza A or B is made
by isolating the virus or detecting it by properly validated antigen
detection or nucleic acid testing methods. A presumptive diagnosis
can be made by a validated rapid antigen or “point-of-care” test.!
Serologically, rising antibody levels between acute and convales-
cent serum samples confirm recent infection, and a high antibody
level in serum during convalescence usually indicates recent
infection, provided there was a consistent clinical illness in the
context of community influenza activity.

Similar criteria apply to any potential pandemic influenza
infection, although pandemic virus-specific nucleic acid testing
methods (and virus isolation) are the tests of choice, at least in the
initial stages of a pandemic.

At a minimum, clinical microbiology laboratories should offer a
validated rapid diagnostic assay, such as immunofluoresence or
nucleic acid testing, during the influenza season. Wherever poss-
ible, conventional cell culture should be performed to obtain
influenza virus isolates for characterisation. The relative advan-
tages and disadvantages of diagnostic techniques for influenza are
summarised in Box 2. Box 3 lists possible testing approaches for a
potential pandemic strain, such as avian H5N1. The pathology
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1 National Notifiable Diseases Surveillance System
records of laboratory detection of influenza viruses
from 2004 to mid 2006
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guidelines in the Australian health management plan for pandemic
influenza discuss various issues related to laboratory diagnosis,
including specimen collection and transport (Box 4), and testing
methods and strategies.

Collection of respiratory tract specimens

Recovery of virus from nasopharyngeal aspirates, nasal washes,
and bronchoalveolar lavages is superior to that from nasopharyn-
geal and throat swabs and expectorated sputum,”” as the latter
generally contain less columnar and more squamous epithelial
cells. Single-use swabs containing viral transport media are readily
available commercially. Specimen requirements for antigen and
nucleic acid testing are similar to those for virus isolation.

Early experience with human H5N1 infections suggests that
virus is more readily detectable in lower respiratory tract samples.
Upper respiratory tract samples are easier to collect, with the rate
and load of detectable H5N1 RNA higher in samples collected
from the pharynx (and the trachea) than the nose. Virus has been

2 Comparison of diagnostic techniques for human influenza virus infection

Turnaround
Test Sensitivity time Advantages Disadvantages
Conventional About 100% At least o Highly sensitive and specific ¢ Dependent on specimen quality and
cell culture  (less than 4-5 days o |solate for characterisation transport
RT-PCR) e Recovers novel and divergent strains * Slow turnaround time
* Recovers other respiratory viruses e Labour-intensive, requires technical skill
e Specialised equipment (PC3 laboratory for
pandemic influenza)

Rapid cell 56%—100% 1-4 days o Quicker turnaround time than e Dependent on specimen quality and
culture (generally conventional cell culture transport
(She” vial 70%-90%) o Relatively inexpensive o Less sensitive than conventional cell culture
it [ * May miss divergent strains
IF forrapid ~ 60%—100% 2-4 hours e Rapid turnaround time e Labour-intensive
antigen (generally e Provides assessment of specimen quality e Interpretive skill required (subjective)
detection 709%-90%) . .

o Fluorescent microscopy required

¢ No isolate for antigenic characterisation
Nucleic About 100% <1 day ¢ Highly sensitive and specific e Expensive
acid testing  (greater than ¢ Less dependent on specimen quality e Labour-intensive (depending on assay)
RIEECY cell culture) and transport o Technical skill and specialised equipment

Rapid antigen 59%-93%
(point-of-care) (generally

tests about 70%)
Serology Up to 100%
(CF, HAI, IF,

neutralisation,

EIA)

15-30 minutes  ®

1-3 weeks

Typing and subtyping possible

Molecular analysis by genome
sequencing

Detects other respiratory viruses

(in multiplex assays)

More rapid turnaround time with
real-time PCR assays

Rapid turnaround time

Less technical skill required
Specimen transportation not required

Useful where specimens for virus
detection not obtained or collected
too late, or laboratory facilities limited

required
Potential for cross-contamination (false
positives)
No isolate for antigenic characterisation

May miss divergent strains

Expensive

Lower sensitivity (false negatives)

False positives (interpreting faint bands)
No isolate for antigenic characterisation
Delayed diagnosis

Requires paired serum specimens
Variable sensitivity and specificity
Labour-intensive, requires technical skill

RT-PCR = reverse transcription polymerase chain reaction. PC3 = Physical Containment level 3. IF =immunofluorescence. CF = complement fixation.
HAI = haemagglutination inhibition assay. EIA = enzyme immunoassay.
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3 Laboratory methods to diagnose pandemic
influenza A infection

A. Pandemic strain-specific assays

Nucleic acid testing

e Pandemic strain-specific primers (eg, H5)

¢ Quantitation not routinely available

Virus isolation

e Limited to laboratories with PC3 facilities and virus culture
expertise

o Used for vaccine strain determination and genotyping

B. Non-pandemic strain-specific assays

Nucleic acid testing

o Nucleic acid testing that detects all influenza A/H subtypes
(eg, using nucleoprotein or matrix primers) or seasonal human
influenza (primers for A/H3N2 and A/H1N1, B)

¢ Nucleic acid testing for other respiratory pathogens
Antigen detection assays

e Immunofluorescence that detects all influenza A (or human A/H3
and A/H1) or B

¢ Immunochromatographic (point-of-care) tests that detect all
influenza A and/or B

o Limited experience with A/H5-specific rapid antigen assays
Serology

o Assays to detect recent influenza A or B infection are in use,
but A/H5-specific assays are not routinely available

Antiviral drug resistance testing

e Genotypic and phenotypic assays currently limited to the World
Health Organization Collaborating Centre and research facilities

PC3 = Physical Containment level 3. .

detected in serum, faeces and cerebrospinal fluid, reflecting the
systemic nature of H5N1 infection, with viraemia associated with
increased mortality.®

Serum specimens for serology should be collected during the
acute phase within 7-10 days of symptom onset, and the convales-
cent phase 14-21 days after symptom onset, and tested in parallel.

Virus isolation

The traditional method of influenza virus recovery from clinical
specimens is by cell culture. However, the relatively slow turn-
around time (the time from receipt of specimens by a laboratory to
a result being available to the clinician) of at least 4-5 days has led
to the use of more rapid assays, such as nucleic acid testing or
immunofluoresence, and fewer laboratories isolating virus. Never-
theless, virus isolation is usually more sensitive than the rapid
culture and antigen detection assays, it recovers novel or highly
divergent strains missed by other tests, it provides an isolate for
subsequent characterisation and consideration as potential vaccine
strains, and it allows the simultaneous recovery of other respira-
tory viruses if an appropriate range of cell lines is used.

Influenza virus replication within cell culture, often using Madin
Darby canine kidney cells, is detected by observing the cytopathic
effect, generally manifested by 5 days.! Rapid culture techniques
that detect influenza virus replication using labelled monoclonal
antibodies within 1-3 days (before the development of cytopathic
effect) have a sensitivity of 56%—-100% compared with conven-
tional cell culture.” Virus is readily isolated (PC3 facilities are

recommended) from the nose and throat of humans with H5N1
infection, as well as from blood and rectal swabs.®

Virus isolation in the allantoic and amniotic cavities of 10-11-
day-old embryonated chicken eggs is labour intensive and not
commonly performed by diagnostic laboratories. However, it
yields higher viral titres, and remains vital for vaccine production.

Virus typing

Initial typing of influenza virus isolates is most rapidly and
conveniently accomplished by immunofluoresence using commer-
cially available type-specific monoclonal antibodies, and should be
performed as soon as possible after isolation. The reference virus
subtyping method is the haemagglutination inhibition assay using
specific antisera, a technique that characterises both antigenic drift
and shift. More rapid subtyping techniques using monoclonal
antibodies that differentiate between influenza A/HIN1, A/H3N2,
and B virus subtypes have been developed for use on virus isolates,
in rapid culture assays, and directly on clinical specimens.'®!!
Subtyping using reverse transcription polymerase chain reaction
(RT-PCR) with primers specific for various human and avian
influenza strains can be performed on virus isolates or directly on
clinical specimens.'*!* DNA microarrays have been used to detect
type- and subtype-specific amplification sequences.'”

Sequencing of amplified haemagglutinin and neuraminidase
genes is an important subtyping method, as it allows rapid
identification of novel or highly divergent strains, the analysis of
strain variation, and the determination of the origin of outbreaks. !0
Rapid sequencing of avian and human strains has been used to
monitor the evolution of H5N1 viruses around the world, allowing
an understanding of its spread, drug resistance and likely candi-
date vaccine strains.!’

Rapid antigen detection assays

Immunofluoresence or enzyme immunoassay using commercial
type-specific monoclonal antibodies directed against conserved
influenza antigens are the most common rapid assays performed
directly on clinical specimens (Box 5), although they are starting to
be replaced by nucleic acid testing. Indirect or direct immunoflu-
oresence is 60%—100% sensitive compared with cell culture.'* As
specimens are examined with a fluorescent microscope, an assess-
ment of specimen quality can be made (and reported to the
clinician): where few columnar epithelial cells are seen, the
sensitivity of immunofluoresence is low and repeat specimen
collection should be requested.

4 Collection and transport of samples

e The key to successful patient and community management of
influenza is the collection of good quality respiratory tract samples
for laboratory testing.

e Samples should be collected early in the clinical illness (within the
first 96 hours, during maximal viral shedding), transported to the
laboratory at 4°C for virus isolation, or room temperature for other
assays, and processed as rapidly as possible.

e Combined nose (one collected deeply from each nostril) and
throat swabs are the most practical samples to collect from adults.
Nasopharyngeal aspirates are the sample of choice from children
younger than 3 years, provided they can be collected safely. .

S50 MJA « Volume 185 Number 10 e 20 November 2006



PREPARING FOR AN INFLUENZA PANDEMIC

5 Rapid antigen immunofluorescence assay

Assay performed on cells from a combined nose and throat swab, showing
typical nuclear and cytoplasmic “apple-green” fluorescence after staining with
monoclonal antibodies specific for influenza A. .

Monoclonal antibodies to other common respiratory patho-
gens, such as parainfluenza viruses types 1-3, adenovirus and
respiratory syncytial virus, can be applied to the same specimen.
H5N1-specific immunofluoresence reagents are not yet routinely
available.

The availability of the neuraminidase inhibitors has added
impetus to the development of simple, rapid antigen detection
assays, sometimes called point-of-care tests.'? Typically, these
tests produce a visual result on an immunochromatographic strip
using influenza A or B nucleoprotein-specific monoclonal anti-
bodies within about 15 minutes of adding an

Nucleic acid testing

Influenza virus RNA may be detected in clinical specimens by
nucleic acid testing techniques such as RT-PCR. A variety of “in-
house” nucleic acid testing assays using primers specific for a range
of influenza virus genes, and various extraction, amplification and
product detection methods have been described.'#'*!:2° Depend-
ing on primer selection, these assays may be type- or subtype-
specific. Primers that target nucleoprotein or matrix gene
sequences are popular, as they detect all influenza subtypes.
Although some studies documented a similar sensitivity of
nucleic acid testing to cell culture, others have reported 5%-15%
more influenza virus detections using RT-PCR.'#!1318 Specimen
quality, timing, and transportation conditions may be less critical
for nucleic acid testing than for culture or antigen detection, as
viable virus and intact infected cells need not be preserved.
Influenza virus RNA is detectable for several days longer into the
clinical course than is cultivable virus, potentially allowing a
diagnosis to be made in late-presenting patients. When specimen
quality is limited, such as with community-based surveillance
programs involving postal submission of specimens, yields from
RT-PCR are significantly higher than from cell culture.!?!32!
Nucleic acid testing using H5N1-specific primers is the most
sensitive assay for the diagnosis of human H5N1 infection ®
Although the turnaround time for nucleic acid testing is interme-
diate between cell culture and direct antigen detection, newer
techniques can reduce this to 4-5 hours or less.?’ Multiplex RT-PCR
assays have been developed, and these can simultaneously detect
influenza and other viral and bacterial respiratory pathogens directly
in clinical specimens.!?® RT-PCR can quantify the viral load in
clinical specimens, as has been done in human H5Nl-infected
patients to assess prognosis and measure antiviral efficacy.®?*
Nucleic acid testing can subtype influenza viruses using subtype-
specific primers, and analyse strain variation through genetic
sequencing, thus complementing the traditional
role of antigenic characterisation of viral isolates.

extracted specimen (Box 6). Evaluations of
these assays for H5N1 infection are limited,
but for A/H3N2, A/H1IN1 or B virus infections,
they are 56%-100% sensitive and 73%-99%
specific compared with cell culture or
immunofluoresence, and are 56%—-74% sensi-
tive compared with RT-PCR."*'® As with other
techniques, specimen quality is a major deter- A+
minant of their performance. Ideally, when
using rapid antigen tests, specimens for cell
culture and immunofluoresence or nucleic
acid testing should be submitted in parallel to
improve sensitivity and to obtain viral isolates
for further typing and vaccine analysis,
although this strategy increases costs.

Rapid antigen tests are attractive where virology
laboratory support is limited or remote from clini-
cal services, or where laboratories may be over-
whelmed (for example, at the height of seasonal
outbreaks or during a pandemic). They may also
have a role in doctors’ surgeries, emergency
departments, or “fever clinics”, to guide the early
use of neuraminidase inhibitors, both for individ-
uals or in outbreaks in closed environments, or
during a pandemic.’” They can also be used in

USA.
community-based surveillance programs.

6 Positive rapid antigen
immunochromatographic
strips (Quidel Quickvue?*)

Serology

Serology can be used where specimens for virus
isolation or antigen detection are negative,
inadequate, or unavailable. It also provides
useful, if delayed, surveillance data. Serological
diagnosis of influenza is retrospective, as it
requires acute and convalescent serum sam-
ples. Furthermore, it generally does not pro-
vide information on the antigenic composition

B + of circulating strains.

W

The strips show positive reactions to
influenza A and B. The central blue line is
a control reaction to ensure a valid assay.
*Quidel Corporation, San Diego, Calif,

As influenza virus infection generally repre-
sents reinfection, most people have some pre-
existing immunity. Thus, the detection of influ-
enza-specific IgG or total antibodies on a single
serum specimen is not diagnostic of recent
infection. The definitive serological diagnosis of
acute influenza requires the demonstration of
increasing antibody titres on paired acute and
convalescent serum samples. Unfortunately,
acute specimens are frequently not collected.
However, a single high antibody titre in the
context of a compatible clinical illness during a
period of circulating influenza activity provides

. . . . :
presumptive evidence of recent infection.
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A variety of influenza-specific assays are available, including
complement fixation, haemagglutination inhibition assay, single
radial haemolysis, neutralisation, immunofluorescence and
enzyme immunoassay. The traditional “gold standard” techniques
for detecting influenza-specific antibodies are neutralisation and
the haemagglutination inhibition assay, as they can differentiate
subtype-specific (including H5N1) and strain-specific serological
responses. Antibody levels correlate accurately with protection
from (or susceptibility to) influenza, and with vaccination
responses. Complement fixation is more commonly used as it is
easier to perform than the haemagglutination inhibition assay and
neutralisation, but it does not distinguish between subtypes.
Recent influenza infection is suggested by a fourfold rise in
complement fixation titre or by a single high titre.!*?

Antiviral susceptibility testing

Two classes of drugs are effective against influenza virus infection:
the adamantane M2 channel inhibitors (amantadine and rimanta-
dine), and the neuraminidase inhibitors (zanamivir and oseltami-
vir). 2425

Amantadine resistance emerges within a few days of treatment
onset in 25%-35% of patients, and is mediated by amino acid
substitutions in the M2 transmembrane region. Adamantane resist-
ance is increasing around the world.?*?> Neuraminidase inhibitor
resistance is most commonly associated with a variety of amino
acid substitutions in the conserved residues of the neuraminidase
enzyme active site. To date, however, viruses with these mutations
have shown impaired replication in cell culture and animal
models. Mutations in the haemagglutinin receptor-binding site can
occur, leading to reduced viral dependence on neuraminidase
function.** Resistance to the neuraminidase inhibitors was rarely
seen in immunocompetent humans during clinical trials, although
more recent reports of children infected with influenza A in Japan,
and some Vietnamese human H5N1 patients treated with neu-
raminidase inhibitors, showed that resistance may be more com-
mon than initially supposed.”**> Resistant mutations have been
detected after treatment of immunocompromised individuals, a
situation that requires further study.

Drug resistance is tested using genotyping (sequence analyses of
the neuraminidase gene) or phenotyping assays.***> These assays
are not routinely available, but after therapeutic failure or for
surveillance purposes, isolates can be referred to the appropriate
reference laboratory. Newer molecular methods that allow rapid
resistance determination in a clinically relevant time frame (such as
during a pandemic when neuraminidase inhibitors may be used
extensively) are under development.

Discussion

Various laboratory techniques are available to detect influenza
viruses, whether current human strains or a novel pandemic
strain. During a pandemic, the level of laboratory service will vary
between centres. Specialist virology laboratories will undertake a
full range of influenza virus tests, including nucleic acid testing,
rapid antigen detection, culture and typing of isolates for potential
use in vaccines, and detection of antiviral drug resistance. Other
laboratories may follow a more limited strategy depending on their
location (eg, rural areas), their population (eg, public or private
hospitals), and access to specialised laboratories.

A challenge for laboratories is ensuring that their assays are
accurate for viruses (such as the current H5N1 strains) not yet
circulating in Australia. Genetic variation may particularly affect
nucleic acid testing, and the lack of clinical samples in Australia
from H5N1-infected individuals makes assessment of the various
methods uncertain. Recent urgent funding from the National
Health and Medical Research Council (NHMRC) has allowed the
assessment and quality assurance of various H5N1-specific assays.

Another major challenge will be determining diagnostic strat-
egies during the different pandemic phases. These will vary
between laboratories depending on their virology expertise, capac-
ity, patient populations, availability of various assays, and the stage
of the pandemic. In the very early phases, where containment is
paramount, highly sensitive tests such as pandemic strain-specific
nucleic acid testing are required. Testing will have to be rapid to
identify the first arrivals and clusters of disease, and to allow early
antiviral treatment, prophylaxis and infection control. Other
causes of respiratory infection will need to be excluded. Early
identification will require cooperation and communication
between public health officers, treating clinicians, and public and
private laboratories. If the pandemic becomes widespread in
Australia, testing strategies may change. One could argue that
clinical identification will then suffice, and that laboratory testing
should be limited to patients requiring hospital admission or for
particular outbreaks. Non-pandemic strain-specific influenza
assays, such as immunofluorescence or immunochromatographic
rapid antigen tests, may be useful in identifying influenza infection
during these pandemic stages. Antiviral resistance testing is not yet
routinely available in Australia, but will be important if antiviral
drugs are used extensively during a pandemic.
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