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The attenuated poliovirus strains (PHSab "1« I“‘f’/’%&;)hm
J
|

wnd P/ Sabiny developed by AL Sabin (Almond, 1987 R
camicllo, T98R; Horaud, 1993 ) were obtay wﬁ T\z} passaging
wild ty WM tes omonkey tissue inovitro and in vivo ur-
der a vanety of conditions which differed for cach of the

three ser n&y;pw These attenusted strams have been effec-
tively used os OPV o control pohiomyehitis in many cou
Although rarely, \//Wl’ cases oveur with LEM
and 3 strans, and even less frequently with the type |
n (Bastlico and Bernat, 1978 Kew ef al  T98 1 WIHO,
E@)WkM o, E‘)M, Froreeral 1987, Nkowancer el 1987;
Strebelerafl, 19921994 Fillipis et al,, 1994; Groom et al
1994 Friedrich et ¢, 1996a). Molcoular studies have dem-
onstrated mutations i the genome of Sabin v n@u;w»dm“m:rd
stranns solated from VAP cases (Cannet af | 1984, Evans
ef al, TORS, Pollard er af, 1989 Macadam er wf, 1989,
199 a; Equestre e ol 1991 Muzychenko er af, 1991
Otelea er al, 1993 Georgescu ef af 1994 Fricdrich er al
FORSh, o Diriesel ef wl . 1995),
A cor np cleotide sequ

trics

M‘;

yarison of the nu cnce of the attenu-

1 orevertants and
has led
difterences in these strains

ted vaceme stran e neurovirubes

18, VA
nt ancestors of the vaceine strins
cleotide
ihle t‘r‘mmtml‘m involved moattenua
ston to newrovirulence. Pobiovirus can be ‘m‘:wuswﬂ from

LANA copies of the genome (Racamicllo and Balt-
T98Ta; Racamello, E‘)‘)”’») H 1S app mm‘:h lis permit-
ted the construction of recombinants between neuroviri-
wd attenuated strains, and the use of s d mu-
in the ida;;tmn1s:zmm} of mutations

witd neurovirule

too wdentification of

and poss ton and rever-

cloned «
more,
lent an ie-directe
tagenests
tenuation and reversion to neurovirulenee.
the mwfsc tar basts of attenuation and revers

Knowledee

ston towards neu-

rovirulence of the Sabin stramns (Almond, 1987, Racanicllo,
ﬂ‘)?% : l“‘ﬂw‘w fold, 1992 Minor 1992, 1993 Minores m’ 1993
Racanictlo ef al, 1993, Macadam ef af, 1994b) may allow

- Ghendon,
1 vaceine production methods (Chu-
alternative

r‘sxtmmﬂ improvement of vacemes (WHO, 1990
T3, Apol, 1993) o
makov of af . 1994,
madels for vaceine safoty tests on transgenmie nuce (Ren ef
af 199, FOOT, 1993 Abe et el 19950 ) and/
or molecular approaches (Chamakov ef ol 1991, 1992,
FOUT, Fenyves, 1993 Svitkin of af., 1993, Revapkin of af.,
1994, 1995 Talfs of af., 1995, and may avord costly safety
testing of vaceine batches in primates,

The latters may provide

feotke ef el

Medecular basis of attenuation and reversion to weuro-
virlence of the P Sabin streain

The attenuated PHSabin straim (PI/LSe, 2aby was de-
rived from a wild neurovirulent strain, IP1/M; \!mm y/ 41, is0-
lated from stool of a healthy child (Almond, 1987, Racan-
ietlo, 1988), Comparison of the complete nu a,lm)l;i(.ia: S0~
guence of the attenuated PU/Sabin strain (Nomoto et al.,

mvolved m at-

1O8: Toyoda ef @f., E‘)Wr) Ath that of 1ts neuroviruler

cestor, P1/Mahoney strin (Kitamura c/z(/ 981, ch.;zmw
wello ;mal Baltimore, W wH‘) der mmmmxd t,I‘mt these two
strains differ by more than 50 mutations.
tests momonkeys of recombinants be
demonstrated that the
tion of the P1/Sabin str
1 (()nmhu‘m/,
ating mutation A->C at nt »’MU‘ of 5T NCR (Kawam
1989}, The analysis of P/ Sabin
selected at high temperatu

meeurovirulence
tween these two straing
t fur the attenua
«d throughout the en-
80, with an important attenu
Vel al.,

neurovirulent revertants

ML 1ons importan
are seattere

OO

res suggested that an U-=C e

tation at nt CETNCR, which has been suggested o
SUPTess rli sattenuating G at nt 480, o G--A mutation at nt
Td4t of ITNCR, and a (“«wE) mutation at nt 6203 of the

3pol a:wilwm cgion, leading to a His->Tvr substitution at
aa 73 of the viral RNA polymerase, are important for re-
version of this stram o neurovirulence m monkevs (Chris-
todoulow er wl, 1990). This study also su
tions ot nt 2438 (VP 2741 (VP 1) and
g to amino acid substitutions iy these capsid proteins. could

also have some effect on the reversion to neurovirulence

The use of Z,}gpu Prype 24 adapted chimerie poliovi-
oliovirus type I neu-

at nt 6203 of the

PITOLTR

ruses m the study of determanums of

n‘m“ﬂ‘wIumm strongly suggested mm a

3Dpol coding v‘wmru m the codon for His at aa 73 i the
viral RNA polymerase, was an attenuating determinant of
the PEH/Sabin strain, Fthm }1 its effect was weaker than
that of & Gatnt 480 of 5 M RMartineral, 1991 Tard,y
Panit (Hlf P03,
Neurovirulence tests of recombinants between the virus
fent P N‘K;xlmmry strain :md the sttenuated P1Sabim stram
I transgenic niee © ¢ the human ymlxc‘mmh-\ reCeplor,

ition of nt 480 1o the ox-
ittenuation (Morie er al.,

tant contribu
avirwlence or

an impor
Pression m neu g
1994, This study also suggested the I")‘LH “; ion of muta-
tions at nt 189 (ColUy of SINCRL e 214 Chrot 5INCR,
5 M}%‘*L?) of VP4 i the attenuat

. Other neurovirulence tests (Bou
1 \umgmmu mice cxpressing the human poliovi-

ron of the
chard et

and/or nt 93
I‘ 1 /5abi
al 19G5)
Tus Mm:;‘mrﬂ‘ of recombinants between the PESabm and
P Mahoney strams, and ol site-directed mutants, identi-
Fed addinonal attenuating mutations i the P1/Sabin steam
atnt 935 (alsodentified in the previous studyy, 2438 2795
and RWN The attenusting G->U mutation at nt 935 fed to
anAla->Ser substitution atan 65 of VP4, the U A mutation
atnt 2438 to a Leu-»Met substitution at aa "3 the

nosir:

G- A mutation at nt 2795 1o an Ala->Thr substitution at
aa 106 of VPI, while the C- 'ﬂ_‘ mutation at nt 2879 to
a Lew-=Phe substitution at aa 134 ot VIPL

Thus, these molecular a;tudiw have suggested that an
A->CGomutation at nt 480 of 5TNCR of t
has an important contribution to the atten
U= (G203, resulting nan amino a

he P1V/Sabin stram
ation, while an

mutation at nt ¢ 1 sub-
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these strains or have some advantage i replication in the

wt and tn the CMNS of the patients (Lipskaya er of, 1991
Furione of u/ 1993 Georpescu ef ol ‘7‘)4 F9954,b; Frie-
uw» ef al 1996¢). Both the vaccime/vaceine and vaceine/
HON-VACCIne r‘um;m»xrw ts were detected, I” Sabimn-derived
mmnm nant strans have also been solwed from he I by con

tacts of VAP } ascs (Priedrnch ef af ) T9Y6¢) A comparison

of };"»:w‘t
ase of the P2/Sabin

of the amino acid sequence of the viral IINA ;ml}, er-
stram with the predicted one of P2

Sab-

in-derived recombinants isolated from VAPD cuses and
healthy contacts (Friednich eral, 1996¢ ) demonstrated that
n Aspe-cGlu substitution at aa 69 was observed in most of

Ser substitution at aa 113 was
Both the PP1/Sabin

these 1solates, while a ‘ﬂ‘h;"w

observed in H these 1solates (Table 2).

i P E rane H‘X‘)“ selrich r‘t‘ us Wm yand ¢ [mc ther
wild stran Jl a Morica ef af . T986; Hughes ef af L TURG),
have UlLE at aa 69 urid Seroat aa H» M hough the rma:lu«

otrde sequence of the ancestor of the P2/Sabin strain 15 not
wled out that Asp-69 and Thr- 113 of
nerase play o role m

kriown, 1 cannot be
the viral RNA ﬁm?
rl‘uwnm mi

Mutations i antigenic sites of the capsid protems of the
P2isabin-derived d from VAP
of af, TOR Ty were also observed, and aimxld act as
mechanism ﬂmm the immune respons
ular studies bave demonstrated that many pm L
cations, some of them alredy known as able t

SreriIon, overn

strats solate cases (Frore

Al Cseupe

Thus, these molee-
modifi-
merease the
after reph

LS

nevrevirdlence, can occur m the P2/Sabin stramn

cation in humans.,
Mh‘" character

surmnmarized in Table 3

‘o

stics of various P2/Sabin-derived strams

Molecular basis of attenuation and reversion e newro-
virulence of the P3/Sabin strain

(H[
am.

The PY/Sabin strag v E2a . b) was derived from
the witd P3/Leon/37 s mmtn(f fs > bratn and spi-
“:uI ord of o victim o 1 a fatal of paralytic

(Al W?U; Ra JOERY. | ump ar
com ]ml v nucleotide seyuence of the attenw
stratn (Stanway of af, TOR3
Levy e al., I‘WI) wth that of s
PR/Leon/37 strain (Stanway ef qf., 198
these two strains dilfer

o the
Cime ¢ polio nwi
SO0 the
e PV ‘w ihi
E‘a)’m ; \«\mff«;m -
rovirulent ancestor,
)(M“ rated that
ation

nond, caniello,
ayodia ot af
nen
nonst
v By construet
ing recombinant viruses between the attenuated P3/Sabin
strain and the nearovirulent P3/Leon/37 strain, and by test-
ing their neuroviralence i monkeys, two major mutations
important for the attenuation of the P3/Sabin were found:
a (- ﬂl‘ I mutation at nt 472 of 5NCR, and a C-U nwut;nmn
at nt 2034 leading to a Ser-=Phe subst ‘Ullim at aa 91 of
apsid protein VI3 (Westrop et al, “)) qu woevis
dence has suggested that an U-»C mutation at

by several ot

the ¢
2493 Head-

from

titutic 1 6 m“rl‘w

VP, may also be involved 1n tlm attenu

et al, 1991 Tatem ef al, 1992, Mento e u/

demonstrated (La Momica er af, 1987) tha
druses having C atnt 472 are neurovirulent I or mice, while

Hmw with an U at this nt pe attenuated. When

ing to an He->Thr subs capsid protein
n (Weeks-Levy
1693), It was

recombinant

tion are

viral recomb m‘ﬂ b WETE Zrown 1 } wman neuroblastoma cell
Ine SH-SYSY (La Monica and Racaniello, 1989y, recom-
birants having U-472 rephicated to approximately 10-fold-
lower tters than did neurovirulent viruses with a C at this
posttion, although the viruses replicated equally well in Hela
cells, It has also been shown (Chumakov ef afl, 1991) that
OPV type 3 containing C at nt 472 15 rapidly selected duw
mg serial passages b Adrican green monkey Pldllt‘,\f cells

that are used to produce the vaccine, and v
had farded mothe intraspinal monkey ne
ntained a higher proportion of € at
I s that had passed this test.
/ﬁ ared 53

vaceine lots that
urovirulence test
472 Lh;m all other

The nt 7 of 3TNC Hh pm i oa [r«.d m 560
ondar re (Priipenka e al, 1989 Skinnereral., 1985
Agol, ]‘)‘) EI attenuatng U at nt ~177'7 of ::”w‘ NCR m the
P3/Sabin stram resulted i the alteration of a C-0 base pair
(nt 472-537) found i the newrovirulent wild strain P3/Le-
on/37 (a umm of the P3 aiu?m pstraing to a U-G base pan
(nt 472537 tound m the PYSabim vaceine strain, sugge

associated with

15 partially
i a highly conserved strue-
ture (Ayol, 1991 Macadamet el 1992, 1994b: Minor, 1992,
1993, Minor ef af, 1993), The alteration of the secondary
structure of 5 f\( I caused by the atenuating U at nu 472
nitd alter the mteraction of viral RNA with
host factors mwm:a;i for the mit
Iovirus RNA (Agol, 1991 Svitkn
the ohserved deficiency i translat
W@m and decrease m o neurovirule:
Com Ut 472 mutation (Wes
ating Phe-91 of the capsid protem VP3 xrxhrbm VIFTOMN 8§~
sembly, spectfically at the promoter-to-pentamer step (Mac-
adam ot m’w 1991hb). a 9l of VP35 and of
a number of candidate supressor mutations in the atomic
structure of the virton suggested tat o might act by destabi-
hzation of the particle and that s iy
function by stabilizing mterfaces (Minor er af.,
1989},

g that the attenuated phenoty
aweah {

g of a base pairing

ONe Or N
atton of translation of po-
el al, 1988 leading to
(Svitkin er al., 1983
ocate d with this
19849, The attenu-

ton f
O 388
trop et al,

The location of

UPTESSOr mutations
specihic

Glenamic modifications in tpe 3 polioviruses isolated
APP cases and healthy vaceinees

nuating U at nt 472 was observed to revert to C
ioall P .x/&mﬂ)mw.h)r‘l\‘ud strains tsola om stool
CNS from VAPP
m most cases (Cann et af.,

The atte
ted 1 and/or
cases, but Phe-91 of VI

1984 Almondesal |

I
3 intamed

‘)é\:'\; Evans

WL
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etal., 1993 Georgescu ef af, 1994 Friedrich et ol ”“)TA;BMT)‘ factor for VAPP cases {‘”TIM‘W‘ (’f el 1995, Other host fac-
The recent analysis of Sabir &“@"fMM.M ved strains solated  tors and other pathological conditions could also be involved.
from VADPP cases withoul mutations at these pc) itions sug- The constant genomic characterization ol Sabin-derived
pested that the sbovementioned mutations are not essential strams solated Im \/M I cases ind healthy individuals mig

¥

for the

establishment of pobiomyelitis (Geory vt al 1994
Friedricher el 1995ab,c, 1996y, One ;wwuf I 1y s that other
mutations are able to suppress the attenuatting effect of G-
4% }“ A-ds ] and U-472 for the PH/Sabin, ﬂ‘j/‘wﬂmx and P3/
Sabin swrains rwpum wly, and that they could include
a mutation(s) oceuring direetly in 'NCR or i the region
coding ﬁm SO wz;u) factor interacting wi I ‘W R A
other possibility s that mutations in the 24 rmm ase coding
FEGION, SUEEesLe i to be mvolved in cap-independent trans-
Fatton (Minor et al., 1993 Mae fw[ FaO4a), are able
oy sup mwm the attenuating ¢ FO-ARD, A48T and U-

cudam
effect of

’E/TL for the three Sabin strains, respects wtv /\»I st factor{s)
15 (arey involved i imteractions with 5 NCR (Svitkin ef af
JORK: w erovitch ¢f m‘ 89 A wl l‘)‘)l) ot supress-
g mutations m the vi E Fm“w/\ exist for attenuati ); deter-

1 VAPE cases, it
Frhat certam h‘mrwhe"rw:;al ubl‘xzmmmmtwa
SUNCR of the viral
nt atterat -
ol attenu-

N H moeertann iwﬁ;mx‘s‘; fron
cannot be exelude
of tI’w host factor(s),
RONAL could s

g determina

FEEArts S

mteracting with
elect solates maintaining
s i STNCI supre

fm[m Tl
sing the effect

Although mutations mereasing the vield and neurovirg
lence of the Sabin strams are important for the establish-
ment of the disease (Macadam ef af.. 1989, 19914, 1993,
Otelea et m’w 1993}, the frequent isolation of poliovirus re-

s from VAPP cases (Macadam cr ol 1989, Lip-

combn

skava et m’ 199, Furtone er af., 1993 Georgeseu of al.,
IWH [905a b, Driesel ef ol 1995 Friedrich of af., 1996¢)
has sugpested H} at recombination may also merease the neu-

“the S m
1 sites (Frore of af |
al., T98Y) conld act ¢
mune response. The W)MMH of the Sabin-der

rovirulence of strains, while mutations m antiger
u/; Macadam er ., 1989 Mu

s anescape mechamsm from the im

nm
101 f

ved neuro-
¢ modifications from
Cases ( Friecdrich ef al., 1995b,
(Macadmm of af, 1989,
mpwrtul the view that host factors are
They
virts e human
FOOTY. As host
rneres (WHIC,
B‘F‘M‘ Zucker-

virulent isolates with similar genomi
healthy contacts of VAP «
FOO6C) and from he
FOUTa, 1993y has
also important

althy vaccime

i the establishment o

mvolved in thu

I poliomyelitis,

could b I
through imteraction with
factors conld berepa nnmuno-defic
FO82: Nkowane ef af., T98T: Groom ef af.,
et al 1994 ) such as herttable immunedeficiencies (Led-
erman and Winkelstein ]% “») immunedeiciencies caused
tion (Arya, 1994), deficiency in
IV indoction (Arva, 1994,
W}/;uth [994, Ton-Nedeleu ef al., 1994), Intramuscular -
jections within 30 days after exposure 1o OPV through vace
cine or contact with a recent vaccinee might

‘(:M!C‘(HMH of the
cells STNCR (Agol,

rded alson

hy protein/caloric HM]HH
stamin A {(Arya, 1‘)‘)»~) or

talso bea risk

cidate the complex interactions of host and virus

nt for the establishy

Imlp to elu
s that o

facto e Hmporti ment of the disease.

Sabi-related ,f“wf;‘e‘mrw vaceine-related strains isolated

from cases of GHS, transverse myelitis and facial paralysis

The cause of GHS and TM. de m‘aiirm‘éimz diseases of
NS, 15 unknown, although GBS (Le 1966 Ropper,
1992 Stratton er al.. 1994 Bolton, I‘M )Mzr dTM (Holt e
al 1976 Whittle and Roberton, 1977, Barak and Schwartz,
1988, Vahidy er of.. 1989 I'Costa e al.. 1990, Dodson,
1990, Heller er af, 1990; Miles er al., 1993, Caldas e ul.

1994, Graber gt m’
ded by viral infe
mereased me me of GBS cases were observed in Finland

P FORS durin Carmpalgn

UW; Bt e al.,
ctions and

19494y
VACCInAtIons.

e frequently
;% mfg;r'nt‘iarzwly

prec

wand soon after a mass vaceination

against p' woliomyelitis with OPV (Kinnunen e ol 1989 Uhar

etal, 89y In Findand, immunization ;L@;xit‘m Eml‘mmuli—
s 1% r‘t_)mlrmiy pwr‘fm‘rrwd with nactivated ;‘mlicimmy VAL

' sed inan one-time- campaign in 1985,

"‘%WMH;"}M GRS afte WM 1g for

uses (Melnick and Horaud. 1993),

The isolation of {w;hm:1~~dur‘n‘m pOlloVIFUS VACCIe Strains
in Brazil fie T™ an
ssted that this paralysis could also be rarelv caused or

geered by poliovir V(Friedrich eral.. 1995300,
1996h), solation of Sabin po

VACLITE-T cases analyvsed. where the

e cases of GBS, d facial paralysis has

us infection
In these studies, the

lovirus
ns 1 all the ¢

s mostly given months or vears b
shment w‘ﬁ Hw disease, has suggested a persistent
traing to the ; The
cine-rela 15 from cases

elated stral

last vacome dose we efore
t} establi:

nfection or transmission of these s
rml‘atm nol Sabin
ol GRS,

the onset ¢

atients.
poliovirus vac ted stra
T and facial paralys

W moto

15 several da after

diOOT WEC
rdeficiency des
clation betwe ‘mtlw s

nonstrated a temporal asso-

ease and the solated viruses, The anal-

yuis of  four 1solates from stool of GBS cases at
nt 480, 525 and 6203, demonstrated o G-2A mutation atng 480
and a ( L mutation at nt 6203 an the f‘m‘m stravn, a -
‘/x mutation atnt 480 mthe sceo Mm‘;u' noa G- A muatation

t 480 and an U->C mutation b 525 i the third strain
(1 1 monstrating the presence of at ]mmt two subpopulations),
while the fourth stram did not mutate either at
tAR0, 525 or 6203 (Friednich e al., 1995a). lxnta:r'wz”wk‘\g

f these GBS cases, where mutations in
the 1solates were observed, the last vaceine dose was given
several months or years before the o The
mutation al nt 480 or 525 were also observed in straing 150~
lated from facial paralysis cases (Friedrich eral, 1995a). 1
another study (Friedrich er af, 1995¢) a P3/Sabin-dex

i three out of four o

nset of the disease,

\cl

S
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strain isolated from stool, collected 17 days after a single QOPV
administration, from a patient presenting GBS also present-
eda mutation atnt 472, Still another P3/Sabi-derived strain
isolated from stool, collected more than four months after
a single QPV dose from a patient presenting TM, nmin ained
the attenuating U-472 of SNCR (Friedrich e ¢f., 1995¢).
The capacity of Sabin-derived poliovirus strains to cause

a persistent infection in human neuroblastoma cells has been
demonstrated (Colbere-Garapiner al., 1989). The nucleotide

sequence analysis of the P1/5abin-derived strains revealed
mutations at nt 525 and elsewhere (Pelletier ef al., 1991;
Borzakian er af., 1993). Other studies have demonstrated
the capacity of Thetler’s virus, also a member of the Picor-
naviridae family, to cause a persistent infection leading to
demyelination of CNS in mice (Jarousse ef al.. 1994, Yauch
and IKim, 1994; Johnstoner al., 1995; Michielser al., 1995).
Although the Sabin 1)0110\‘1111% Vi ‘&:mc‘w derived strains 1so-
lated from cases of GBS and TM™ in Brazil may not be the
etiological agents of the disease, thcw studies support the
idea that infections «‘sxw;cd by these strains could also trig-
ger demyelination of CNS of humans in certain cases (Frie-
drich er al., 19954,¢,d, 1996b).

Conclusions

that most of the rare
1 type 2 and 3 strains,

Many studies have demonstrated
VAPP cases are related to polioviry
and more rarely to type 1 strain, -\m more mutations are
ivolved in the attenuation of the P1/Sabin strain in com-
parison with the other two vaceine strains, this property has
been suggested to be an important factor for the greater
safety of this strain. Although many genomic modifications
have been detect straing isolated from
VAPP cases, similar genomic modifications have been found
i strains isolated

ed in Sabin vaceine

from healthy contacts and healthy vac-
cinees, supporting the view that host factors are also in-
volved in the establishiment of poliomyelitis. The observa-
tion oﬁ isolates from VAPP cases without reverting muta-
tions in important attenuating determinants has led us to
assume that reverting mutations may not be essential for the
establishment of the disease. 1t is likely t
could mcrease the neurovirulence
in the establishiment of the disease. The isolation of Sabin
poliovirus vaccine-derived strains from GBS, TM and fa-
cial paralysis cases has suggested that in general the vac-
cine strains could also trigger these discases in rare cases
and not just poliomyelitis,

that other mutations
e o1 participate in some way

I
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