Table 30-2. Diflerences between orthomyxoviruses and
paramyxovirases.
Orihomyxo- Paramyxo-
Propaerty Virusas Viruses
Diseases caused | Influenza types A, | Parainfiuenza 1-4
in humans B, andC infections, raspira.
tory syneytial dig-
8850, MUMPS,
maasies
Genome . | Singla-stranded
organization RNA in sight HAMA in a single
piaces ploco
inner dbonuclec- | 9 nm in diamaéter | 18 nm in diamater
protain halix
RMA in nucleo- RMase-sansilive ANase-resistant
capsid
Fualon af virus Endozoma Flasma
with call membrana
Transcription of Host cell nuclaus | Host call
viral RNA cytoplasm
Genetic reassort- | Frequent Rare
ment
Rate of antigenic High Low
change
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Table 39-1. Important properties of orlhomyxoviruses.

Virian: Spherical, pleomorphic, 80—120 nm in diameter
{helical nucleccapsid, 9 nm)

Composition: ANA (196), protein (73%), lipid {(20%),
carbohydrate (6%%)

Genome: Single-stranded RMNA, segmented {gight
moleculas), negative-sense, lotal 13.6 kb overall size

Proteins: Mine structural proteins

Envelope: Conlains viral hemagglutinin {HA) and
neuraminidase (MA) proleins

Replication: Nuclear transcriplion; capped 5° termini of
cellular AMNA scavenged as primers; particles malure by
budding from plasma mambransg

Outstanding characteristics:
Genelic reassoriment is commaon
Influenza viruses cause worldwide epidemics

20b

Hemagglutinin spike

Meuraminidase spike

Matrix protein

Lipid bilayer

20c



E} @ H TRIMER M TETRAMER !

Bipnt sagmenits call bircing sile arigenic albas
w,m sirgle-2irandac im sisrfae packet inevnirg head
o/ ANA :{L eatlalylis st

s*ﬂ.i;mn(_!"ir*i:

fesiss | |
ac1vaton - hydrophalic régions
A% | {membasne

EnChDirg BEGs

bpad
Cilayar

B D @ e

| Fg 1114 The influcnes & vl pastiche (3, with detisl snlagad (4
o 3k turface hamegahativen (M) and newraminkdass IN). Each
particli hag ppproximately B H spikes, which bird ta ke host coll
ond iz o viral esvalops 10 tha eell’s piasma mambearse 1o innlae
irdection, &hd aporoximatly 106 M spikes, which reléasn the vinus
from she eoll surlecs. Muclnoproisin and polymernse proteing are
| closely shodizied with RRNA digments 1o form rilssnatesprotsim
| (AP The M totsmer is props i ghaped 2 vaswed bom the end
Distail of dndy ame wnil of H oimsr and N etcamed ik ibavm. The
thrze-dimenaimnal strzcturs iz kidwn from Xray grataliagraphic
pralyais Electran microgroph il shows seetionsd indluenza virus
paaticles, «300 000, (Courtesy of O Hocklay, b

Y r~ :
: L B ; [
L@ Dl ol o |
Fig. 1795 Inllusnia virus budding from she surface of @0 Infected cell. (sl Scanning electran
nicrograph. <27 000, (b in saction, <350 BOD. |Coursy of D Hockey.)



BCihvaten mpmibrang
Ppéptida cleavagn domaln
1172 ¢ t * I ?
ML [ 11 COOH
HAT Fd HAZ I
Hydroghill
Hemagglutinin cytoplasmic
i BoEmain
mambeans
dormain
: A
NH, COOH
i iid a I
Conpaned
:"i“m Hauraminidase
Resaptor sitg
Side B
iy sip AJ . #
[l I
S4%E
Sita C
Fusion peplic

gure 39=2, [nflsanza virus hemaggiutinn and fewraminidass surface gysoprotaing (A) Prmeny strustures ol HA and
MA palypaptdes, The clezvage of HA intd HAT and HAZ is necsdsary & virus to Ba Infadious. HAY ard HAZ rmain
lirked by & disulfds Bood (S-3) No poaliranalaional Chsanags cotws with MA. Carnonyaniss attachment st (1) e
thown, Tho hydroghabic aming BCids thas MSchor the pedlaing in the viral membrané ars I6¢sied near The carbouyl for
minal of HA and i emino taamingl of NA. (B) Felding of me HAY and HAZ poivpepbaas in in HA moncmer Five majoe
anfganic &les (3285 A-F) that undergs changs are ehdwn as shaded ansas. The dming tanming! of HAZ provides fusicn
aciity (fution poptids). Tha fusion Sateie M Bured in N Molecule undl i i expoted by & corformanional Chanos in-
Gused By iow pH. (£) Struciurs of e HA e 23 I 060Urs on & virLe parTicie & the surface of infocied cals. Some of
i Ses valved i ENlgecic vaiabon g ehawn [A). Cerboad tenminal resideed (C) prolruce Trouh e membaan
VD Structne of the NA tstramor, Each MA moldcule his an actve 5t on il upper surface. Th aming terminal region (N)
of ine polvpeptides &nchors the complex in 1hi menbrane. [Hedrawn, with permissicn, lom [A, Bf Murphy B8R, Websle

AG: Influenza virusds, p 1179, and €, D] Kiagsbury D'N: Orhomyxg- and pacasyeinueas and their realicaton. p 1157
In: vmhag:ﬁaimﬂﬂﬁmledhslﬁzmm“, 1985.)

20e



a1l Receptor-binding

Extracellular .o







w

mFIMA e

Albosomes
Coatod veslcle
iﬁlam

T Insertion of envelops
protoins Intd plasma
mambrans

Endasorme
T Complatien af
U glypensyiation of
Endoplasmic reticulum Synihasis and anvalope prolains

ohcoaylation of
\ envelopt projeing

Figure 39-4. Schomatic diagiam of the e cycle of influenza vines. (Reproduced, with pasmission, rom Lamb B4, g
Rl Orihomyeouiridae: The viruses and thair replication. In: Faids Viralogy: 3rd ed. Fields BiM et al [editors]. Lippincall.
FRavan, 1996.)
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DESIGNATION OF VIRAL SUBTYPES
A/Texas/1/77(H3N2)

A = virus type

Texas = city, state, or
country of first isolation

1 = Strain

77 = year of recovery (1977)

(H3N2) = Hemagglutinin &

Neuraminidase subtypes o
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Figure 39-3. Principles of antigenic drift and anligenic
shift that account for antigenic changes in tha two surface
glycoproteins (HA and NA) of influenza virus. Antigenic
drift is a gradual change in antigenicity due o point mu-
tations that affect major antigenic sites on the glycopro-
lein. Antigenic shift is an abrupt change due to genatic
reassortment with an unrelated strain. Changes in HA and
MA ogcur independently. Internal proteins of the wirus,
such as the nucleoprotein (NP), do nol undergo such
anfigenic.changes.
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Datermincd by soruem antibody pravalence
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Differences among influenza viruses (Figure 24.12)

1918 pandemic
(H antigen unknown
1918-1928 but related to H,,
Swine in swine influenza)
HH\'Ht
RNA
N spike
I spike
First isolate identificd
1929-1946 serologically (H, may be
HH, a variant of H,)
1947-1956 Has been circulating
1977- since 1977
H,N,
1957-1967 1957 Asian fln
FN, pandemic
) 1968 Hong King flu
}ggé.w]? pandemic (has been
HN circulating since 1968)
1"
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FIGURE 56-3 Pathogenesis of influenza A virus. The symptoms of in-
fuenza ara caused by viral pathelogy and immunopatholagy, but the
infection may promote secondary bacterial infection. CNS, Central
nervous systam.
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