Strengthening Laboratory Capacities: Sharing Insights and Approaches
- to Managing Bird Flu Outbreaks and panel discussion

Studying Avian Influenza: The Role of Serology
and Virus Isolation
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Laboratory investigations of viral diseases
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’{;\ >= Roles of Serolo

P “ Diagnostic

e Detect specific antibodies in serq, indicating exposure and
iImmune response.
e Rising antibody levels between acute and convalescent serum

8Y

j Y samples (4-fold rising).
'\ g e Diagnosis in cases of suspected past infections
@ e Assists in diagnosing infections when virus is no longer detectable

° Subtype identification

« Hemagglutoination inhibition test is particularly useful for
/? identifying the H subtype of an unknown Al virus isolate.




== Roles of Serology
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Epidemiology study

e Determine the prevalence of infections in a population

e Estimate attack rate or case-fatality rate, which are necessary to assess
how much community transmission has occurred and its burden
e Provide public health surveillance and understanding disease dynamics

o Complementary to Molecular Methods

\ e In some cases, serology can enhance the diagnostic yield of other

| methods like RT-PCR, especially for respiratory viruses where
shedding can be infermittent.
HERD
/f Vaccine evaluation IMMUNITY
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 Indicate vaccine effectiveness T"H'IHI = i wlﬂl’l‘
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=4 >= Limitation of serology
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Window period
3 / . . . . .
o Antibodies take time to appear after infection.
Cross-reactivity
e May react with antibodies to related viruses.
’ ,_ Cannot Differentiate Natural Infection vs. Vaccination
'\ o
ﬁ  Individuals who are vaccinated may develop antibodies similar to those
| from natural infection.
\ Delayed Antibody Response
- e In some individuals (e.g., immunocompromised or elderly), the antibody
/? response is weak or delayed.




=4 >= Limitation of serology

t Need for Paired Sera

— e To confirm recent infection, you typically need paired acute and
convalescent serum samples (2—4 weeks apart)

Test Variability

,— . « Differences in serological tests (e.g., HI, MN, ELISA) can cause
\ - inconsistent resulfs.




Serology tests

: * Binding antibody \\;/;!i,?: Neutralizing antibody

« Bind specifically to viral antigens but may e Bind and neutralize the viral infectivity.
Protective antibodies prevent the cells

not inhibit the viral infectivity. ; ol infects
rom viral infection.

o Nof all binding antibodies are neutralizing
e Positive result may not be related to
protection.

e Neutralization in vitro is usually related
to protection in vivo.
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Serology tests

enzyme labelled

Hemagglutination inhibition assay
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Avian Influenza (Bird Flu)

EXPLORE THIS TOPIC

CDC Report on Missouri HoNI1 Serology Testing

The following testing was conducted in multiple replicates:

* Microneutralization (MN) assay: The main serology test is called a microneutralization
(MN) test. This is a highly sensitive and specific test for identifying influenza virus-specific

antibodies in blood sera. The MN assay was performed to measure for neviralizing Historical World Health Organization serological case definition using single serum

antibodies against the RG Hb viruses.
Single convalescent serum, collected at =2 21 days after symptom onset (or last exposure to

* Hemagglutinin inhibition (HI) assay: The HI assay tests for antibodies to the infected animals/persons), with a microneutralization antibody titer 2 1:40 to an A(H5)
hemagglutinin of the specific influenza virus using red blood cells (RBC). Multiple types of virus,

RBCs were assessed in the HI assays to detect antibodies in the sera.
AND either

* The Multiplex Antibody Detection Assay (MIADA): a test which looks for antibody binding

to 28 different influenza antigen targets (28-plex), it also measures the total * 1) a positive result using a different serological assay (e.g., hemagglutination inhibition

HI) antibody titer240
immunoglobulin (lg), lgG, IgM and IgA antibody responses. (HI) antibody titer240) or

_ . _ _ _ * 2) an Hb5-specific positive result from another immunological assay such as ELISA or
* Seasonal Influenza Serum Absorption: an additional step that removes antibodies against

multiplex binding antibody assay.
seasonal influenza viruses that might be cross-reactive prior to testing against A(H56N1)

viruses was also performed. This step helps to rule out the possibility of cross-reactivity

from prior exposure to seasonal influenza viruses (through infection or vaccination) which

might generate a false positive HBN1 serology result.



Virus isolation

“ "Gold Standard" for Diagnosis

e Virus isolation involves culturing the virus from patient samples in
cell lines or other systems
o A definitive proof of viral presence and infectivity

° Disease Pathogenesis and Surveillance

e Provide crucial information about the virus's characteristics,
pathogenicity, and useful for epidemiological investigations
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Virus isolation

6 Genetic Characterization £

e |solated viruses can be genetically characterized, allowing for
phylogenetic analysis to frack the evolution and spread of
different strains and lineages.

a Essential for Drug and Vaccine Efficacy Studies @% Qé

e Provide developing treatments or vaccines

e Live virus is essential to test antiviral activiry, a definitive proof of
viral presence and infectivity

e Resistance mechanisms to existing drugs

e Vaccine evaluation




Virus isolation

Host system for avian influenza virus isolation

Adherent cell line

Embryonated chivken eggs

doi.org/10.1007/978-1-0716-0346-8_12



Highly or Low Pathogenic avian influenza virus ?

What's in the name?

Avian influenza “subtype” Low pathogenic
- all HA subtypes (H1-H16)
- common in wild birds
- no disease in wild birds

- occasional, mild disease in poulty

High pathogenic

- “bird flu’ A

- anly HS and HY subtypes

- causes oulbreaks in poultry

- associated with disease and death
in poultry and wild birds

= yncommon in wild birds

e Biosafety Level ?
e Virus isolation in cell culture: Add TPCK trypsin into culture medium ?
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Virus recognition by Hemagglutination assay

Hemagglutination

TABLE 1. HA titers of influenza A viruses as assayed with erythrocytes from different species

Influenza A virus and HA GMT

Passage history

Accession no.

HA titer by erythrocyte source”

o

Goose Chicken Guinea pig Human Horse Table 1
Hemagglutinating activity of replicating LPAIY.
HINIT human influenza virus -
A/New Caledonia/20/99-like virus (Siriraj 07/00)  MDCK7 EF568930 128 64 128 64 <2 Viruses HA titers as determined by erythrocytes from
Goose Guinea pig Human Chicken Harse
H3N2 human influenza viruses —
A/Sydney/05/97-like virus (Siriraj 08/98) MDCK4 EF568929 64 64 128 64 <2 Afaguatic bird/Hong Kong/DI25/2002 (HINT) 256 256 128 128 B4
A/Fujian/411/02-like virus (Siriraj 03/04) MDCK6 EF568924 32 <2 64 64 <2 Afwild duckj5han Tou/092/2000 (HINE) 256 256 128 128 64
A/Fujian/411/02-like virus (Siriraj 01/03) MDCK3 EF568925 32 <2 32 32 <2 Afduck/shan Tou/1283/2001 (H3NE) 256 256 128 G4 128
A/Fujian/411/02-like virus (Siriraj 02/03) MDCK2 EF568926 4 <2 32 32 <2 Alduck/Shan Toul461 /2000 (HANS) 512 512 456 256 128
A/California/07/04-like virus (Siriraj 12/04) MDCK4 EF568927 4 <2 16 32 <2 Afduck/jiangxi/6151/03 (H5N3) 256 256 128 256 64
Ajheron/Hong Kong/LE10/2002 (HENE) 1024 1024 256 256 128
H5N1 influenza viruses Ajostrich|Eimbabwe 2221996 [HTM1) 212 512 256 256 128
A/Thailand/1{KAN-1)/04 LLC-MK2, AY555150 512 512 128 128 128 Almallard Alberta242(2003 (HEN4) 512 512 256 258 256
MDCKR Afquail/Hong Kong/G1 /1997 (HOM2) 1024 512 256 1024 o2
A/Thailand/2(SP-33)/04 MDCK6 AY555153 64 64 64 32 16 Alchicken/Hong Kong|GS/1997 (HIN2} 512 312 236 512 =2
A/Thailand/3(SP-83)/04 MDCKS5 AY577314 64 64 16 32 16 Alduck/Hong Kong/Y280/1997 (HIN2) 1024 1024 512 512 <2
A/Thailand/5(KK-494)/04 MDCK4 AY627885 128 64 32 64 32 Ajduck/5han tou/1796/2001 (H10NE) 256 256 128 128 128
A/Thailand/676(NYK)/05 MDCKY DO360835 256 256 512 256 32 Alduck/Shan tou/1411/2000 (H11N2) 456 512 128 128 128
A/Great Barbet/Thailand/ MDCK2 EF206697 128 128 64 64 32 Afred-necked sting/Australia/5745/1981 (H12NS) 512 5312 128 258 128
VSMU-2-CBL/ 2005 Afpull/MODI04 1977 (H13MEG) 128 128 ] 128 < 2
A/Green Peafowl/Thailand/ MDCK2 EF206700 256 128 64 64 64 Almallard fGurjev/263 /1982 (H14K5) 1024 1024 256 512 256
VSMU-3-CBL/2005 .ﬂfduik_fﬂl.‘lﬂlallﬂ.ﬁi‘l ||33|:H'|5NE] 128 256 128 128 32
A/Gray-Crowed Crane/ MDCK2 EF206696 512 256 128 128 128 Afshore bird/DE[172{2006 (H16N3) 128 128 - 128 64
Thailand/VSMU-4-CBI/2005
A/Tree Sparrow/Thailand/ MDCK4 EF178506 64 64 32 32 16
VSMU-16-RBR/2005
A/Golden Pheasant/Thailand/ MDCK1 EF178517 128 64 32 16 32
VSMU-21-SPB/2005
A/Pigeon/Thailand/VSMU-25-BKK/2005 MDCK3 EF206698 64 64 32 16 16
A/Chicken/Thailand (Suphanburi)/137/05 MDCK4 EF568922 512 512 64 64 128
A/Tiger/Thailand/VSMU-11-SPB/2004 Ege 1 EF178531 512 512 256 256 256
A/Clouded Leopard,/Thailand Ege 1 EF568923 512 512 256 256 <2
{Chonburi)/AI-1216A/2004
HA GMT of H5N1 viruses 190.21  156.03 74.25 67.25 33.62




Limitation of virus isolation

Host adaptation

e When influenza viruses from human or avian are cultured in host
system, amino acid mutations of the hemagglutinin may occur.

e« Some AlV strains may not replicate efficiently in embryonated eggs
or common cell lines like MDCK.

Time-Consuming

e Virus isolation in cells or eggs takes several days (typically 3—7
days) and several passages.

Required specialized facilities and Lab personnel

« BSL-3 for HPAI and well trained personne



Limitation of virus isolation

Sensitivity Depends on Sample Quality (Need viable virus)

e Poor sample collection or improper transport can result

in failure to isolate virus.

e Virus is viable only for a limited time outside the host.

Laboratory-Generated Mutations

e Serial passages during iso

ation can infroduce mutations,

which may alter antigenici

Biohazard Risk

e Strict containment and personal protection are necessary.

'y or virulence



Laboratory preparedness for serology and virus isolation

AL Ax

Lab facilities Protocol Lab personnel
« BSL 2-enhanced o SOP e Team
e BSL-3 Lab e Workflow e Training
* Equipment » Method » Baseline medical
 PPE » Sfandard protocol: DMSC, condition, Baseline serum
» Cell culture CDC, WHO « Vaccination and
e Embryonated chicken eggs e Control materials orophylaxis

« Reagent
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