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1. INTRODUCTION AND LITERATURE REVIEW

Measles virus \MV) is a mamber of the. genus Morbllhvlrus wnthin the. family
' Paramyxovlndae of RNA viruses, Other members of the same genus include canine
dlstemper virus (CDV), rinderpest virus (RV) in catle, peste des petits ruminants
virus (PPRV), phocine distemper virus (PDV) in seals, and porpoise arid dofphin -

morbiiivin ses, Recently, another morbiliivirus was {solated from an outbreak of fatal o

respiratory dissase in horses: and humans in Australia {Murray,K. et al,, 1995).
- Measles virus and other morbilliviruses lack neuramidase activity but cause the

formation of intranuclear inclusion bodies, which distinguishes them from other.
paramyxoviruses (Griffin, D.E. and Bellini, W.J., 1998). '
Measles virus is a highly contagious and important fuman pethogen causing dlseasa'-
in the nonimmune individual. The monotypic nature of the virus, the life-long

immunity after infection, the lack of an animal reservolr, end the fact that a very

- effective live-attenuated vaccine is avallable, make it theoretically possible to
eradicate measles (Rima, B.K,, et al., 1995b), However, the virus continuestobe a

migjor cause of morbidity and mortality in children and infants in the developing world. -
-1.1  History

-Me'asléé appears to be a relatively new disease of humans. The Greek physician

. Hippocrates (460-377 BC) did not mention the disease in his annals (Gastel, B.,

-1973), The explanation lies in the epidemiology of the virus; a human population of
saveral hiundred thousand is required to prowde & sufficient number of new
susoephbles to sustain the continued circulation of the virus (Gastel, B., 1973; Black, -
L., 1968), Populations of this size did hol_ exist until the development of urban -
centers in the Middie East, India and China late in the third mitlennium BT, which -

- provided population densities high enough to mamtain transmission of the virus

{McNeill, W.H,, 1876),
The first written description of meastes is attributed to Abu Becr, a tenth oentury _
Persian physician. Abu Becr distinguished measles from smalipox, which he
considered a {ess severe disease (Katz, S.L. and Enders, J.E., 1965), Thomas

Sydenham first delivered an astute description of a measles virus outbreak inLondon
in 1670, pointing out the increased severity of the diseass in adults and the danger -
-~ of puimonary complications (Sydenham, T, 1622). The studies by Peter Panum, a o

young Danish physician, about an isolated epidemic on the Farao lslands in 1848,
greatly increased our kncwledge about measles He noted the highly onntaglous :
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nature of the virus with an attack rate of close to 100% in the nonimmune individual, - -

- the 14-day incubation period and further documented that infection conferre iife- o
- - long immunity (Panum, P.L., 1938). in 1905, Hektoen demonstrated the transmission P

- of measles by transfer of biood from patients in the acute stage of disease {fo
~ susceptible volunteers {Hektoen, L., 1905). The viral etiology. of measles was
- confirmed in 1911 when Anderson and. Goldberger reproduced the disease in.
monkeys that were infocted with filtered respiratory tract material from acutely
infected pafients {Goldberger, J. and Anderson, J.F., 1911). Significant success was

o reported by Enders and Peebles in 1954 when they were able %o isolate the virus

from human and rhesus monkey kidney cells and described the cytopathic effects of

- MV intissue culture (Enders, J.F. and Peebles, T.C., 1954). This ied directly to the

" development of other virus isolaition procedures, infectivity aseays, the measurement
.of neutralising antibodies (Enders J.F., 1962) and a live virus- vaccine (Enders JF

g etal 1960)

1.2 The virus

The MV RNA genome is enclosed in a Il'pld-eontalnlng envelope derived from the
host cell. The pleomorphlc virions have a diareter varying in size from 100 to 250
nm. The envelope carries two kinds of surface projections (peplomersj with distinct

*_morphology, which are between 9 and 15 nm in length. They consist of the viral

transmembrane hemagglutmin H glycopretelns which have a conical shape and the
fusion (F) glycoproteins peplomers that are dumbbell-shaped (Oxman, M.N., 1997).

- Beneath the layer of lipid molecules forming the envelope, is the matrix or membrane

(M) protein in contact with the inner layer of the envelope. The envelope surrounds

the helical nucleocapsid (17-24 nm in diameter, 1 nm in length) thet consists of

~ primary nucleocapsid (N) protein surrounding the genomic RNA (Orvell, C., 1890).
~* The phosphoprotein (P) and the large protein (L) are bound fo the RNA and are also

.. part of the nutieocapsid, which is packed within the envelope in the form a
: symmetﬂcel cail (Grrfﬁn D.E. and Beilini, W J., 1996) : :

- 1;2.1 The'-genome and the structural proteins

(A) The genome: ' S
The viral genome conslets of linear single-stranded RNA' .:h Is of negative

~ polarity. The RNA contains appremmetely 15 800 ribonucleotides with a molecular

mass of clese to45x1 0° daitons (Horlkamt. 8, M and Moyar SA, 1995a) The 3
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end of the genome beglns with an untranslated Ieader sequence of 53-55

~ m.icleotides (nt) in length. The 5' end contains 240 nt sequence which shows a high =~
degree of complementarity to the 3 leader sequence, theoratlcally allowing forthe

formation of & stable panhandle structure. The function of these sequences has not

_ been clearly d_efm_ed__ but they may represert sites for bmdlng of the RNA polymerase R
- (Orvell, C.; 1980). The MY genome encodes six structural proteins and two further
. nonstructural proteins that are encoded by the P gene. The gene order is 3' N, P

" (plus C and V), M, F, H, and L {large protein) &' (Rlchardson, C.D. etal, 1985). A
schematic dlagram of the genome is shown in Fig. 1.1. Transcription of the genome
s more efficient at the 3 end with a transcrlptional gradient from'N to. L (Ray, J, and

_ -Fupnaml, R.S. 1987)and thisis a major determinant of the relative abundance of the
 proteins. The intergenic sequence contains a consérved CUU trinucleotide, except

.~ for the intergenic region between the H and L gene which displays a el

tnnucleotide (Crowley, J.C, et al,, 1988). The intergenic sequenca is followed by a
oonserved sequence of 11 nuzlectides befere the start of the next gena.

RNP ]'lhnnudenpmteln
RNA. polyrnerase. N P

'F .
NG5 &,4’0,0 & Q‘,l
' Q"‘** ‘o"& ety 'o‘b :
Neeeleetesatelosssat:

e . yus sy wn s eme . - 1855 15504 bp
e R S RS N : {
0 - A 8 - a8 10 12 14 - 16Kb
_'l Génehduriderygﬂnuclaoﬂde I aﬂ Trensmembraneondfng;egtbn '

Fig. 14 Sehematic diagram of the measles Virus genome
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_ {B) The protefns. ' ' ' '
- A summary of miasles virus proteins and thelr wggestad functluns |s gi\fen in Table _

1. 1. Functtons are descrlbad in more detail below

 Table 1.1:

L '-Pro.te_in

. B

surlace

Measles virus structural proteins
. No.of Mol Location inthe Function
amino welght vidon o
acids - x10° :
" Nuclsocepsid (N} 526 80  nucleocapsid binds to fulldengihis () and (-) RNA fo
. : : ' o form nucteccapsids, Blnding to nescent
RNA switches from iranscription to
réplication, Most sbundsint proteln,
phosphoryiated, -
' Phosphoproteln (P) 507 72 nucleacapsid _forms complexcwith N and L. Probably
' : = involved  in  transcription  and
replication; phosphorylated..
. 488 21 notpresant fdmmmateatramﬂpﬂom
288 40 motpresert Virion assembly ad budding; inhibits
T ' transcnptlon? o
Large {L) 2213 200 nucleocapsid _ céﬂ!ﬂc comoonett  of  viral
' . . _ polymetase; RMNA transorption and
repluzailun. forms camiplex with P.-
Mirix {M) a5 & lnermembrans  Viibn asserbly snd budding; binding
R L o * to nugleocapsit Inhibits transcription?
Fusion (F) - §53 60  ftnsmembrane Vi eniry, tembrane fusion, and -
g A . surface hemelysls in assoclation with H. :
K ' inaetive precursor {Fy) cleaved to active
disulfde-inked F, (41 1) and (18
: K} subunits, ’
. Hemagghutirin (H) §17 B0 transmemnbrane binds to CD48 receptor, _
' hemaggiutination acthity, induces

membrane fuslon together with F,
dlycosyiated, disuifide-linked dimer,

' Adapted from Oxman, NLN., (1997).
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_ N pmfein o ' ' '
~TheN protein is the dommant mtemal compnnent and the most abundant of all of the
) MV-shcoded protems It is synthesized on fres ribosomes, folded intc the cytoplasm,

and phuSphorylated on seine and threonine residues (Robbms 8.J. and Bussall, S

R,H 1979; Gombart, AF. et al,, 1895). The P protein regutates the efrciency with
~ which N assembles into nuclaocapsids. (Spshner, D. et al., 1997). In MV—mfected
celis. N surrounds viral genomic and messetiger RNAs (mRNAs) that possess the

~ leader sequence to form nucleocapsid structures which are the template for both -

- "IRNA transcription and RNA replication (H urikami, SM. and Moyer, 5.A,, 19953)
Together with P and L, the nucleocapsid structure forms the ribonucleaprotein -
complex (Ray, J. and Fujinami, R.S., 1987). It has recently been shown that two
independenit binding sites for P-are leated within the variable carboxyl-terminus and
the conserved middie dommain, respectively (Liston, P. et al., 1997). However, another

- study demonstrater' that the smino-terminal amino acids {aa) 4-188 and aa 304-373

“{ocated in the middie domain of the N protein are required for the formatlon of scluble
- N-P complexes (Bankamp, B. et al., 1998). Both the conseived amino-terminus ard
the variable carboxyl-4erminus contain T-Hslper epitopes in vaccinated and naturally
infected individuals and in a mice model (Giraudon, P, et al., 1991; Buckland, R. et
al., 1989; Hickman, C.J. et al., 1997), The highast variability within the 1V genome
lies within the carboxyl-ferminal 125 aa (Baczko, K., et al., 1992; Rima, B.K et al.,
1995a; Rota, P.A. et al., 1694; Taylor, M.J. et al., 1991) that are located on the
- outside of the riicleocapsid. Fig. 1.2 shows a diagram illustrating the regions of -
variability, P binding sites within the N protein. Sequence analysis of the carboxyi-
termirial 150 aa of the N gene has been used extensively to discriminate between -
different groups o MV wild-type (wi) isolates and for the differentiation of wt and -
~ vaccine strains (Krels, S., et al., 1997; Rima, B.K. ot al., 19958; Rota, J.S. et al.,
. 1994; Rota, J.S. et al,, 1998; Rota, P.A. et al., 1994; Taylor, M.J. et al., 1921).

_ - . Varisble CODH-terminus
"B Binding aits P bir ding site? S - =gtraln diﬂ’er&ntlaﬂun

..N.H, o \ . ,,-»f* | .CMH

. Varjable reglons

AN

' Fig.i2 ‘Schematic diagram of the measles virus nucleocapsid gene,
T Adapted from Griffin, D.E. and Bellini, W.J,, 1888,
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P G, and V profeins: -~ . ' '
. The phasphorylated P protein (Das, T et al., 1995) is abundant in infected cells but

© only smalf amounts of the protein are present in the virion. P together with the L

- protein form the RNA-dependent RNA polymerase (Liston, P, etal., 1995 Listor, P,

| . and Briedis, D., 1995). Both proteins are assosiated with the nucleocapsid fo form

the nbonucleoproteln (RNP) (Horikami, 8.M. et al., 1994). P also binds to individual
molecules of the N protein in the cytoplasm of the infected cell to form soluble N- P
complexes that are required for RNA encapsidation. The domains on P that are
- Important for interaction with N have been mapped to the carboxyl-terminal 100 aa
and the extrerne amino-terminal residues (Harty, R.N. and Palese, P., 1995).

Apartfrom P, MV axpresses at least two more proteins C, and V from the P gshe. An

altemative methionine transiation initiation codon directs synthesis of the C protein- - -

- (Bellini, W.J. et al., 1985) in the overlapping +1 reading frame. The insertion of an
unteriiplated G at  Ition 751 by the RNA polymerase during transcription, a

- mechanism calied n. .. 1A editing, generates the V proteln which shares the amino-
terminal 231 aa with the P protein, The 88 carboxyl-terminal aa are cysteine rich and
unique to V {Wardrop, E.A. and Briedis, D.d., 1991). RNA editing is an addltional
function of ihe RNA polymerase, presumably of the L protein, as was also proposed
for Sendai virus and other paramyxoviruses (Vidal, S,, et al., 1990a and 1990b). The
* functions of V and C have not been clearly defined. However, both proteins might
play a role in MV RNA syrithesis and regulation of genome replication (Horikarmi,
S.M. and Moyer, S.A,, 1995a), Another recent study has shown that both, V and C
are interacting with ceflular proteins but not with any of the MV specific proteins
(Llston P. ot al,, 1995) :

L protem ' :
"The L protain togethar with P forms the virus-gncoded RNA-dependent RNA .
polymerase, as mentioned before. L contains six regions that are highly conserved
~ among the RNA poiymerases of negatwe—stranded RNA viruses (chandrlka R.etal.,
1998). L -is believed to contain the mejority of the catalytic actwitl_es of the RNA
polymerase (Horikami, S.M. et al., 1994). The L protein is present in small quentities
in assodiation with *iral nucleocapsids in infected cails and in measles virions, .

u p mfem | _ o _
The M protein, a basm protein with several conssrved hydrophillc domains, is tha
© gecond most abundant protem in the measles virion (Oxman, M.N., 1997), M forms.
a confinuous layer on the inner surface of the envelope in infected cells and probably
 Interacts with progeny nliclsocapsids and with the cytoplasmic tails of the H and/or
- F proteins to mediate virion maturation and budding {'l_'yrreli D.L. and Ehrnst, A,
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17 Wilt:i1 T.F. and Buckland; R 1995) Asludybyleano A et al (1992) showed
that only M protein synthesized during ytic infection was found to associate with the
nucleocapsid and the plasms membrane, whereas M synthesized in perszstently .
- infectad cells was sofuble in the cytoplasm. When bound to the nucleocapsid M
inhibits transcnpﬂon of MV mRNA (Suryanarayana, K. et al., 1994)

_ | F profem : ' '
" The F protein is directly involved in the fusion of viral and target calt membranes _

o reqmred for penetration- of the virus, F is synthesized as a biologically inactive }
_ ‘precursor (F,) which Is activated through cleavage by celluiar Furin, a subtilisin-
- related protease in the trans-Goigl to give the active form, a disulfide-linked

heteradimer, F1-F2 (Wild, T.F. et al., 1094). Both viral glycoprateins, F and H, are . .
cotransiationally inserted into the endoplasmic reticuium and {ransported to the cell
surfage via the Golgi apparatus, and during this prooess undergo various

- modifications. Sato, TA. et al, (4 988) have demonstrated that glycosyiatlon is .

- essential for the proteolytic cleavage of Fyand its transport to the cell surface,
The F1. subunit is derived form the carboxyl-terminus of F,, is anchored in the viral
envelope and has a cyloplasmic tail, of which the terminal 14 aa are highly
conserved among morbllliviruses {Oxmari, M:N., 1997). The amino-terminus of F1 is
2lso conserved and confains a region of 25 hydrophabic aa, a region which is
- believed to interact with the host cell membrane to indisce fusion (Richardson, C. et
_ 'a_L, 1986). The F2 subunit contains all of the potential N-glycosylation sites. '

- H protefn
“The H protein is a type i fransmembrane g{yccproteln (Alkhatib, G. and Briedis, D.J.,
© 1986; Wild, T.F. and Buckland, R., 1995), which is located on the surface of infected
cells in close proximity to the F protein. The primary function of the H proteinisto -
bind to the cellular receptor CDA46 on host cells. A second essential function of H is
to interact with F to mediate fusion of the virion envelope with the host cell
‘membrane, which facilitates the entry of the nucleocapsid info the cail (Maivoisin, E.
- and Wild, T.F., 1863). H also accounts for the capacity. of MV to agglutinate red
bldod cells from a varisty of monkeys, but not from humans by binding to the simian
“homolog of CD46 (Gerlier, . et al., 1995). Furthermore, H has recently been shown
o be rasponsible for cell trcnplsm (Stern, L.B. st al., 1985). The H protein elicits a
' strong immune response and life-jong immunity, which foltows acute infection and
this can in part be attributed to neutrahzmg antibodies agalnst H (Norrby, E., and
- Oxman, MN,, 1990).
- After synthesus and glycosylation in the rcugh andnplasmic reﬂcuium d:surﬁda-hnked
dimers . are formed and transported to the Golgi for further oligosaccharlde
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= modif’ cation and then to the cell membrane, where they form H peplomers Tha

- specific detafls of glycosylation of H proteins have been described by Ogura, Het

al. (1991). Isolated H peplomers. are hoimotetramers and have a conical shape

(Ogu_ra H etal, ,1991).The carboxyl-terminal domain is located on the extraceliular _

‘side of the infected cell, a single hydrophobic domain ciose to the amino-terminus

. represents the transmembrane region and is tonserved between different
g paramyxowruses {Wild, T.F. and Bucktand, R., 1895). H has 13 conserved cystein .
residues that participate in the infra- and intermolecular disuffide bonding (Hu, A and

- Norrhy, E.; 1995). The H protein has 5 potent .+ N-linked glycosylation sites between =

 ad 168-:and 238, the last of which is heteérogensous and not actually used (Hu, A et

al., 1994b; Wild, T.F. and Buckland, B., 1995). The optional glycosyiationat 1 of - .

these 5 sites is thought o be responsible for the 2 different sizes of H proteins often
observed on polyacrylamide gels (Griffin, D.E. and Bellini, W.J., 1996). Glycosylation
is essential for dimerization, proper folding of the protain, and antigenicity (Hu, A. et
al., 1994b). Several artigenic determinants have been identified (Hu, A. et al,, 1983;
'Hummel K.B. and Bellini, W.J., 1995; Lisbert, U.G st al,, 1994; Sheshberad:ran,

H. and Norrby, E., 1986). Arecent study by Schiender, J. et al. (1996) showed that

 the coexpression of H and F induced immune suppression in vitro by interaction with
. the call surface of peripheral blood mononuclear celts (PEMCs). Some CD46 binding

sites-on the H protein have been suggested and are shown in Flg 1.3 (Satto H et_
" 4l., 1994; Shibahara, K. et al,, 1994) o o

ALV

COOH
[ yarophobic vansmerrane domain - ? Potential glycasylation sitee
§ Aminoderinel eytoplésmic tal .~ Reglon of highest variabllity

g Mutaﬁons raspnnsiblaforcm:iuwnragulauon? ¥ CD46 blnding'ai_heé?
I Intemmlem.ﬂardlsuiﬂda bonds o : o .

Fl'g._.'.-1.3 - Schematic diagram of the measles vinis hemagglutinin gene, -
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_ Apart frorn the functuons ouﬂ[ned abovey, sequence analysts of the H gane nas been
- used for determination of MV strain variations (Rima, B.K et al., 1997; Rota, J.5. et

- al, 1992 and 1996) in addition to the variable carboxyl-terrmnus ofthe N gene, the

H gene sequences have also pr_oved suitable for differentiation between different
genetic groups of wild-type {wt) and vaccine MVs. Sequence analysis of the H gene
- for molecular epider_nit:alogica! purposes ig discussed in greater detail in chapter 3.2, '

o _1 2 2 Repllcat!on of measles vlrus

: 'As described above the first ste;: in the MV mfectlous cycle is the adsorptlon of the
H proteln to the call surfaca via it's receptor. The fusion of the viral envelope with the.

B ‘plasma membrane requires both the H and F protems (Wild, T.F. and Buckland, R.,

1995), Upon fusion the virat nucleocapsid is released into the cyteplasm, where the
-._raproductwe cycletakes place Flg 14shOWsa51mpI:ﬂed dlagramofthe infectlous _
cycle. .
The activity of the \nral RNAe-dependent RNA polymerase results in primary
~ transcripts, the mRNAs. The helical, encapsidated nuoleocapsnd and not free
o genomic RNA serves as the template for alt RNA synthesis (Oxman, M:N,, 1997)

“ b * 5! InputRNA (—}

Replioation

:.'3, _
] E.{npxma(ﬂ

T B vsRNa g

' Fig. 1.4. " Infectious cygle-bfmea's[es virus,
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_ The rnRNA is monocqstromc, unencapsudated, capped and methy!ated at the 5‘ end
~ and poiyadenyiated at the 3 end similar to ceflular mRNAs. The mRNAs are
__transiated by the. cei!ular translation machinery {Norrby, E. and Oxrnan, M.N., 1990).

The aocumulatxon of a crifical feval of N protein i$ necessary for the subsequent - |

switch from transcription 1o genome replication, since repllcatwa RNA synthesis is
ooupled to its encapsidation by N. The {-) strand nucieucapmd serves as a template
for the synthesis of (+) strand replicative intermediates which in iurn serves as a
 templatte for the synthesis of progeny nucleocapsids containing the (-) strand gcriome
RNA. The newly synthesised (-) strand nucieocapsids are templates for secondary

transcription, ‘ampiifying the viral MRNAs and proteins in the infected cell, aswellas o

for buddir > of progeny virus’ (Honkami S M and Moyer S A 1995a, Kingsbury.
DWW, 1990) :

1.3 . The celluiar receptor -

" The celiular rec':aptor'fdr MV has recenitly been identified by two Endepe'nderit g’roups
as the metnbrane cofactor protein (MCP) or CD46 which is ubigquitously present on
" human and monkey cells (Naniche, D. et al,, 1993; Dérig, RE. et al., 1993). Naniche,

D. et al. {1993) purified the protelns that were immunoprecipitated with mAbs and |

identified them as CD46 by microsequencing. Dérig, R.E. et al. (1993) showed that .
“chromosome 1 confers the binding phenhotype to previously unsusceptible rodent
cells and that ‘anti-CD46 mAb blocked infection. The only surface profein on
chromosome 1 is CD46, which made it a plausible candidate. Further evidence that
CIS acts as a MV receptor was provided by both groups whén they demonstrated
. that previously insusceptible murine cells could productively be infected with MV
when they expressed CD46. Moracver, the species-specific expression and tissue
distribution of CD46 corelates well with susceptibility to MV infection (Gerlier, D. et
al., 1985). The primary viral protein to interact with CD46 is the H protein (Buchholz.
© . C.J. et al.,, 1997; Nussbaum, O. et al., 1995). The normal function of CD46 is to
= protact the cell from complemant lysis (LISZ.GWSKI, M.K. and Atkinson, J.P., 1992),
During complement activatior ‘G3p and G4b {components of the C3 convertases)
can form non-specific covalen: finkages to the host cell. Factor |, a serine protease
in plasrna inactivates membmn& »~und C3b/C4b associated with CD4B.. This
process plays an important role in - sérminating self from non-self tissue and helps
S -} prevent destruction of the hes.” <ol by the membrane attack complex {MAC) (Dbrug, -
"RE. et al., 1894). Fig. 1. 5 shows diagrammatlcally the structure of CD48, which can -
be found on most primate cells. The extraceliular domain of tha mature protein
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' consists of 4 short consensus repeats (85 R1-4) {Devaux, P, and Gerlier, D., 1997}
‘and 1-3 Ser- “Thr-Pro rich domains (STP) {iwata, K et al., 1894), The transmembrane
< . region conslsts of 24 hydro_phqb_lg_ aa, One of 2 cytoplasmic domains Is alternatively
spliced to form the carboxyl-terminus (Dérig, R.E. et al.,, 1994). The binding sites for
MV and for.C3 have been shown fo be distinct on CD46 (Manchester, M. et al.,
1995) CD46 is highly glycosylated and i is axpressed in most cells in :sotyplc forms,
-which range in size between 51 and 68 kDa (Buchholz, C..". et al., 1996; Gerlier, D.
et al., 1994). The STP domalns, shown in Fig: 1.5, o_bnt_am.S-'_IO QO-lirked sugars, -

 Virion membrane

o 2 Ay ar, I 3
SONNNNNN, NN NI NN NN NNN NN

- _Cij4_6 receplor:

;m __ _ Cell membrané
y \\l.:/:f\.-'\‘f.\f\/\f\! Wy

g The 2 different Cytoplaamic talls of CDA6

| oW bfnding reglons: scn1+sca2 TM: transmembrane region
g SCR: short cehaensus repeats - A S

-'Gi. .+ Ber{Thr{Pro rich regions

Fi_g.' 1.8 Madel of the measies vlrus reoaplor 0946 with virus blndlng regrons
' o Adapted from Manchester. M. et al 1987.
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Se\mrai studies have shown that MV diffsrsntlally downregulates CD486 (Hirano, A.

. etal, 1996; Scheider-Schaulies, J, et al., 1995; Schnorr, J.-. et al., 1995; Kranfic,

S.et al 1995). Two independent groups have mapped the aa in the H protem ‘that

might be responsible for the downregulation of GD46 to residues 4‘51 and 481

'(Lecoutuner,v et al,, 1996; Bartz, R, et al., 1996},

: CD46 has been fi irmiy established as the high-affinsity receptor for MV. However, it -

~ remains unclear whether CD46 is the sole MV receptor. Other viruses, for © ~ ple
~ HiV-1 ufilize edditional co-receptors in order to transport virai nicleacapsid into the -

' cell {Fantini, J. et al., 1993), It seems plausible that a co-recepter could interact with

the F protmn to facilitate penetration of the virus into the host ceil (Dorig, RE. etal,
~ 1994). Dunstsr, LM, et al. (1994 and 1995) suggested that moesin, & human -

. membrane organising extension spike protein, also acts as a receptor for MV,

" However, several recent studies have shown that the role of moesin as a MV

rsoep{oris still inconclisive {Devaux, P. and Gerlier, D,, 1997; Dol, Y. et al., 1998).
‘Buckland, R. and Wild, T.F. (1997) recentiy reviewed numerous resuits that have

" been described on CD46 receptor usage and raised doubt as fo whather CD46 is the

' ressptor for MV wt strains that have been propagated in sither B95a cells or humsn
_ B Iymphocytes :

1.4 Measles virus strain variations

Msasles virus is considered to be monotypic, antlgsn’tcaily stable-and only one

serotype has been dascribed so far, However, diversity ort nuclsofide and amino acid - - -

level as wall as analytical differences between proteins from different MV strains.
have been described {Rima, B.K. et al., 1995a and 1995b), Antigenic differences -
" between strains affect functions such as temperature sensitivity (Bergholz, C.M. et

al., 1975; Haspel,, MV. et al, 1975; Ragsr-mean B. et al., 1984), plaque forming

 characteristics (Rapp, F., et al., 1964; Gould, E.A, et al., 1976; Carrigan, D. ,etal,
19886), the ah\izty to downregulate CD46 (as above), spitopic veriations in most
proteins (Girauden, P. et al., 1888, Sheshbsradaran H. et al., 1983: Tamin, A., etal.,
:_1994) and H protein spacific variations that are discussed bs!ow '

: | 144 D'Ffemnces of measles virus pmﬁsms

" : piﬁsrenses in the apparent sizas of MV protsms H, P ‘and-M on SDS-PAGE have
bsen reported but none of these dlff_erenoss could be ilnked fon specific phenotype
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o '(lea, BK. et al., 1995b) The mobihty and genettc features of the M protain have -
- baen studied by many groups since the variability of M was thought to play a
 significant role in the pathogenesis of subacute sclerosing panencephalitis (SSPE). .
* (Wechsler, S.L. et al., 1978; Cattaneo, R, et al., 1986, 1988 and 1989), However, the

diversity found between different M proteins and/or genes was subsequently shown
not to be characteristic for SSPE (Rima, B.K et al,, 1895b). The P protein has a
molecistar mass of 51 kDa (Bsllini, W.J. et al., 1985) but the apparent size by SDS-
PAGE approaches 70 kDa. Phosphorylation is thought to play a major roie in these
differences in size. Various antigenically different H proteins have been described

- . that show defective hemagglutinatnon activity (Giraudon, P. and Wlld T.F., 1985,

- Saito, M., et al., 1992 and 1994), salt_—dep_endency ofhemaggiutlnation (5 h_lrodarl_a,
P.V. et al., 1976), differential recognition by H protein-specific mAb (Tamin, A, et al,,

1694; Trudgett, A, et al.; 1881), and differences in migration of H proteins by SDS-

PAGE, thet could be due to additional potential egoosylation sites (Rota, J.8., et al,,
1982; Sakata, H etai 1993)

1Ai2 Genetic varlﬁtl_ons

. Qver the past 10 years more amphasis has bsen placed on the investigation of
genetic variability between MV strains. So far, 8 to 9 different geretic groups have
been described (Rima, B.K. et ai., 19953, Bellini, W.J. and Rot., v.A., 1998, Kreis,

., etal, 1997; Jin, L. et al,, 1997; Katayama, Y. et al., 1997; Outiaw, M.C. and

- Pringle, C.R., 1895). Howevar, it is likeiy that more distinct genetic groups will be

identifled as molecular epidemiological data will become available from more - -
courtries, especlally in Africa and Asia. To date, there is no generally accepted
corisensus as to how to define MV genotypes, how to define genetic subgroups and

subsequently how to name the different genetic groups. In this thesis, terms like
genetic group or genstic linesge will be used rather then the term genotype. L-L netic

groups will be described using the numbsring code (Rota, P.A,, et al., 1992; Rots, -
- J.8. et al,, 1998) and the letter code used by other groups will be gwen in bracksts.

(Kreis 8., et al,, 1997; Rima, B.K,, et al,, 1995&)

Nucleotide as well as amino acid changes ooour in almost every region of the MV
: genome but the degree of varigtion varies consuderabty between the different
structural genes (Rozenblatt, S. et al., 1985). The highest variability is seen in the

' '_ carboxyl-larmmal 450 nt of the N gene and in parts of the 1 gene. These regions -

have therefore been used extensivdy to differentiate and characterise different
* genetic groups of MV (Rima, B.K st 4l., 19953, Rota, P.A. et al., 1994 and 1965a,

Rota, J.8. et al,, 1996; Kreis, etal 1997). Nucleotide vanatton inthe carboxyl- :
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~ terminus of the N gene can reach up to 12% wherees H genes canvary up to 7%
between different lineages (Beilini, W.J. and Rota, P.A., 1998). The genetic groups
that have been established by phylogeneﬁc compansnn of the carboxy!—tannmal N
gene sequences and partial or full coding sequences of the H genes compare well

“to each other and groupings are mostly identical comparing the different genes.
" Group 1 (A) represents vaccine and vaccin like strains that are characterised by
relatively high stability over the decades and this is also the earliest genetic group
of MV known, ‘The profotyps straln is the Edmon on wild-type (wi) strain wWhich was
isolated in 1954. The group 1 (A) viruses must hiave had widespread distribution in’

. the pre-vaccine era sirice strains belonging to this group were isolated during the ~
-~ 1950s and the 1960s in countries as distant as Russla, USA, Finland, Japan, and .

~ Romania (Bellin, W.J. and Rota, P.A., 1998). The genetic variations of MV N and H
genes between different vira) straing will be discussed further in the result chapters

- of this thesis, Some of the genetic groups that have been described appear to be

~ extinct or are circulating in such smalf numbers that they have evaded detection by

- routine surveiltanca systems. These groups include isolates mainly from Europe that -

have not been re-isolated in the past 10-15 years (Balllnl W.J. and Rota, F.A,

1998).

1.4.3 Geographlc distribution of MV genetic groups

Several groups of wt MV have been shown to have world-wide circulation (Belini,
W.J,, and Rota, P.A., 1998) whereas others saem to be extinct, Some genetic groups
can be assigned to certain countries, However, increased travelling contributes to
the exportation and importation of these geographically restricted strains from and
into other continents or countries (Rota, J.8. et al,, 1996 and 1998; Rota, P.A. et al.,
1995a). The vaccine and vactine-iike sequences in group 1 (A) were desctibed .
above, Bellini, W.J. and Rota, P.A. (1998) have very recently described and updated
. the genetic groups of MV ‘hat are currently circulating and their geographic
distribution. Strains that have not been isolated for 10 to 15 years were excluded in
- this update since thay w8 likely to be extinct. Thetr findings are siynmarised below.
- Group 2 (D2) viruses circufated in USA until 1993, when transiission of MV was
interrupted by successiul vaccination programs (Rota, J.8. et al., 1996). Other recent
 isolates that fall in that group were made in Guam and Japan (Yamaguchi, S, et al,,
1997). Group 3 (D4) includes viruses from Europs, USA, Palau and Thailand, Group

4 (D3) and 5 (G2) appear 1o be the precorminant genotypes circulating in many parts
of Europe. African isolates form Cameroon and Gabon (B1 and B2) and a strain from

 Gambia (H) as well as other isclates that were originated in African countries are




1. Introduction and Weratore review 45

- foundin gi'oup 8. MV strains from Suuth Africa and a Canachan 1soiate made in 1988
~ form group 7 {)- Ana!ysis of H gene sequences revealsd that recent strains from -
Pakistan also group with group 7 viruses. Group 8 DDﬂBIStS of very dxst:nct isofates

n'lade iy China in the 19905

15 Path;_igenesis and Pﬁtho[ogy o
'1..5'.1 cllnical manifestations

(A) Classic measles

-~ The highly contagicus MV is transmitted via Iarge dropleta of respiratory tract

secrations that ane inhaled upon face to face contact (Black, F.L,, 1989; Bloch, AB.

~etal,, 1985; Goldberger, J. and Andersan, J.F., 1911) The diseass has a incubation
period of 8-12 days. Clinical symp{oms that appear first are faver, malaise, and

anorexia followed by one or more of the following: cough, caryza, and conjunctivitis.
This prodromal phase of measles comresponds to the development of an enanthem,

~ the Koplik spots that become visible on the buccal mucosa and generally appear 2 _'
days before the exanthematous rash, The rash is maculopapular and appears first
on the face and ther spreads fo the trunk and extremities, The rash genarally lasts -

for up to 4 days (Katz, M. and Enders, J.E., 1985).

. Primary replication of the virus takes place in the epithelial cells of the: respiratory :
. tract (Katz, $.L. and Enders, J.E., 1965). Further replication ocours in the lymph

riodes and from thers the virus enters the blood stream In infected leucocytes,
- producing the primary viremia, Lymphoid tissues, such as tonslls, adencids, lymph

nodes, thymus, spleen, appendix, Peyer's patches, and submucasal lymphoid tissue
in the respiratory and the gastrointestlnai tracts become major s:tes for viral §

- replication during primary viremia (Oxman, M.N., 1867). The continued rephcation
- of MV.at these sites results in secondery viremia that begins 5-7 days after infection.
“The virus then: spreads o the skin, conjunctivae, genital mucosa, kidneys, liver, and
oropharyrix (Moench; T.R. et al., 1988; Katz, S.1. and Enders, J.E., 1965; Forthal,
D.N, et al., 1992). At this stags miore than 5% of leucocytes may be infected. The
: prédom:nant csll infected in the peripheral blood Is the monocyte (Esolen, L.M. et al.,
1993). This expanded replication of MV together with the host immune response is

‘responsible for the prodromal signs: and symptoms (Oxman, M.N.,, 1897). in.

uncomphcated measles, faver reaches & peak of 38°C to 40°C followed by a rapid

defersscence on the third or fourth day of the rash which marks the beginning of .

I‘bODVEI’y (Kempe. C.H. and Fulglmti, V.A, 1965).

T s g,
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o Factors that may calise a more severe dlsease and predact & poor outcome are; poor
antlbndy résponise, lymphopenia, compromised immune system, other iiinesses,

o __ma{numhon. pour sociosconomic conditions, low gerum retinof levels, and extremes _
ofage (Frieden, T.R. et aI 1992 Kaplan, L.J, et al., 1992; Grrff in, D.E. and Bellmt,-3 :

W.d., 1996)

_ (B) Atyplcal and modified measies B
- Modified measles: :
* Modified measles is milder and g generany shorter than classuc measles and is seen

in partially 1mmun|sed patients that have received. Immune serum ‘globulin after

- exposure to mea_sles and in children with resldual maternal antibodles (Krugamn, S.

- etal, 1988).

B Alypical measles: e -
In contrast, atypical measies has been reported to be mors severe than classic

measles with high faver, preumonia, myalgia, headachs, dyspriea, and abdominal o

- pain, Atyptcai measies has bsen observed in recipients of formalindnactivated
- messles vaccine who were subsequently expased to wild-typs MV (Frey, H.M. and -
-Krugman, S, 1881). This inactivatoed vaccine was administered between 1963 and .
1970 and is not in use any longer (Markowitz, L.E. and Katz.8.L., 1994). The formalin
{or Tween-sther) mactwatlon altered th. antugenuc properties of F and patlents failed
10 raise antibodies to F.

{©) Ne’urdlt':gieal manifestations
Fostinfectious encaphalomyelifis:
Uncomplicated rreasles is frequently accompanied by cerebrosp:nal ﬂu;d pleocyst:s
and electroencephalographic abnormaiities, but there is no evidence that the brain
parenchyma is directly infected (Moench, T.R. et al., 1988; Oxman, M.N., 1997) _
. Postinfectious encaphalomyelitis, an autoimmune demyellnatlng disease Is detected
in1in a 1000 cases of mieasies and usually occurs within 1 or 2 weeks after onset -
of rash. The disease is characterised by an abrupt onset ‘of high fever and
obtundation. frequently accompanied by seizures and neurologlcal signs (Griffin,
D.E. &nd Bellini, W.J., 1998). : _ '
Measles inclusion body encephalitis (MIBE):
- This propressive, generally fatal naurologicaf manifestation of measies virus occurs
~ only in immunocompromised individuals some manths after infection (Kaplan, L.d.,
* 1892), The disease usually presents with refractory myoclonic seizures and aitered
 mental status and generally progresses within 6 to 8 weeks to coma and death,
‘Survivors have severe neurological sequelae (Oxman, MN., 1897). . '
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- Subacute sclerosing panencepha.'rﬂs (SSPE): . _
: Another fatal form of measles encephalitis, SSPE; occurs In 1. in SOD 000 cases -

_ generally 6to 10 years after measles infection (Oxman M.N., 1897; Fontaine, RE.

and Martin, A 8., 1978). Howsver, South African studies have shown that SSPE can
‘occur as early as 2 years after acute infection (Schoub, B.D. et al., 1992; Vardas, E.,

personal communication). Early symptoms of this perslstent infection of the CNS are
_ personailty changes, and deteriorating intellectuai perfonnanca (Carter, M.J, and ter
. Meulen, V., 1887). . Later, myocionic jerks appear with. characteristic
: electroenoephalographlc changss, Death occurs in most cases within 1 or 2 years

after onset of liness (Oxman, M.N., 1997). Titres of antibody to MV are typically
elevated in both the serum and CSF of SSPE patients (Connolly, J.H., et al., 1967;
Chiodi, F. et al,, 1986).The virus present in SSPE patients is defective and cannot
be isolated by mnventionai methods. The virus carries multiple mutations throughout

. the genome, especially in the M gene but also in the F and H gene (Rima. B.K etal.,

- 1995b; Schnelder-Schaulles 8. etal, 1995) The paﬂ':oganes:s of 38PE remains
_ poorly understood.

© Measles virus has been shown to be abls to persist in vitro and in vivo. For studies

of persistence in vitro, a number of cell lines have been established using neturonal . -

~ cells, lymphoid, glial, and epithelial cells (Rager-Zisman, B. et ai., 1984; Gould, EA,

" and Linton, P.E., 1975), Apart from persistence In SSPE patients there is some
. evidence that MVcan persist outs.'.lde the CNS (Brown, H.R. ot al., 1989, Kalayama,
. Y.etal, 1998).

MV has also been suggested to play arole in dlseases like Paget’s disease, Crohn’s -

disease, chronic atiive hepatitis, and multiple sclerosis but for none has a definite -
 role for MV been established (Griffin, D.E. and Beliini, W.J. et al., 196). ’

- (D) CQmphcaﬁons
In developed countries approxirnately 10% of rnaasles caaes are associatad with-
complications, whereas developing countries have complication rates as high as
80% (Clements, C.J. and Cults, F.T., 1624), Pnsumonia oceurs in 1-7% of cases and
is commonly caused by secondary bactenal or other viral infections (Morton, R. and
Mes, J., 1986) Other frequent comphcations include otitis media, laryngotracheo-
" ‘bronchitis, childhiood blindness, diarhea and encephalitis, as mentioned above
" (Beckford, A.P. etal., 1985; Reddy, V. et al,, 1986; Katz, M. and Enders, J.E., 1965),
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N ._.1_'.5._2‘ Dlagnosis

| {A) clinical Dlagnosls o o _
in countries with-endsmic c:rculatlon MV is usually well dlagnosed by assessment

of the clinical signs (fever, rash, Kopiik's spots, cough, or coryza, or conjuncivitis).

- However, in developed countries where measles has been reduced to sporadic

outbreaks, clinical diagnosis has a higher error rete. in these cases, Iebsratory
eonﬂrmat:bn becomes mcreasmgly :mportant

{B) Virus isolation

- MV can be isolated from a variety of samples mciudmg, ur:ne nasopharyngeal

swabs, throat swabs, PBMCs, and conjunctival swabs (Gresser, |. and Katz, S.L.,
1960; Rota, P.A, et al., 1995b, Kobune, F. et al., 1990, Oxman, M.N., 1897; O'Neill,

H.J, et al, 1996). The most sensitive cell line described so far is the adherent

derivate (B95a) of the EBV-transformed marmoset B-lymphoblastoid cell line B95-8

' (Kobu'ns-, F. et al., 1980), Other cell lines that have been used in the past, mostly

derived fram primate kidneys, are Vero and CV-1 (Forthal, D.N. et al.,, 1983).
Successful isolation is likely when specimens are collected during the febrile phase
of the illness and decreases with every day after the rash has disappeared. Several

. passages are often required before MV specific CPE appears. CPE in all susceptible

cell lines is characterized by multinucieated giant cslls (syncytia) and eosinophilic

intranuclear and intrascytoplasmic inclusion bodies (Salmi, A.A,, 1995).

{©) Serologicat dlagnosls -

These are 2 variely ¢f serological tests available that have been usad to determine
and/or titrate MV antigens andfor _antibodles to it. Teats measuring antibodies are
neutralization tests, that are not widely used any longer since they require MV cell
culture and are labour intensive; the hemagglutinin inhibition test (H!), which
primarily detects antibodies to H by inhibition of agglutination of monkey red blood

- calls, and the complement fixation test that has beeri used in the past to detarmine

immunity against MV, The complement fixation test mainly detects antibodles to the

N protein (Norrby, E. and Gollmar, Y., 1972). The placue reduction neutralizationy -
~ - assay {PRN) stlli is considered the standard against which other tasts are measured
- because it has been shown ta be far more sensitive than the tests mentioned above
- (Chen, R.T. et al,, 1990). The most commonly used test systems today are the
“commercially available ELISA kits. ELISA kiis that measure IgM, 1gG, and igA-

antibodies to all MV proteins are easy o use and can provide rapid and rellable -

results {Helfand, R.F. et al., 1996} . In primary infection in the normal host, detectable

antibodles fo MV appsar 1 to 3 dsys after onset of rash and remain detectable for
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~ years (ngman‘ S. etal 1985) Detection of IgM anﬂbod[ss, the fi rst isotype to be
: synthesised |s mdwatwe for an acute pnmary infection.

® Nuceic acid detection and tmmunOﬂuorescence B -
In |mmunoccmpromised patients that do not have a detectable antibody response or.
for diagnosis of CNS disease, where virus cannot easily be isolated, RT-PCR for -

- detection of nucleic acids (Nakayama, T. et al., 1995; Matsuzono, Y, et ai,, 1994;
Rota, P:A. et al, 1994; Baram, T.Z. et al., 1894) and direct immuhofluo’re'scsﬁf _

- staining of MV antigens in fissue samples are important diagnostic tools (Minnich,
LL.et al., 199‘!) ‘Furthermore, these techmques can detect antigen andior nucleic
acids later in the dusease when infectious virua can no Ionger be lsolated (Oxman

M N., 1 997) =

- 1'.8 . linm;’me responsss_to measles_ vii'us-

Speclf c host immune responses to MV are essential for clearance of the virus , for o

" recovery, and for the establishment of jong-term immunity against measies. The early .
non-specific responses that occur during the prodromal phase of the illness and

~ *befors the rash develops, inciuds activation of natural killer cells. {NK) and the

increased production of interfaron-c arid-B (IFN), which contribute to the control of
o M_V replication before the onset of more specific immune responses.

1. o -‘-'-—M---I“I“Mn-_-" CDaTca“s .. .
R Vis \ o
g1 . L : |
g T ¥,
] CDA4 T cells - §
Rl % R
- yaR i/ ~ Imiqune suppression
- 10 T 20
o o Co o o Days sﬂer-lﬁfeslinn i
. Fig.1.6  Immune responsasto measles virus infection.

Adapted from Gritfin, D.E. and Bellinl, W J., 1998,
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' Gsrierally, thera is a c]ear activation of the immune system resultlng in the

' rnobihsatmn of various defence mechanlsms during measles. P::lr:-:adt:lecalIyt at ths_ _
same time, a profound immune suppression can be observed, evidencad by impaired o

de!aysd-typs hypersensitivity skin test (DTH) to recall antigens and by reduced
humoral and osllular responses to new antigens (Beckford, A.P. et al., 1985; von
: Pnrqust. C., 1808; Grifiin, D.E. et al., 1994). Fig. 1.6 summarises duagrammat[caliy the

rhain callular and humorai lmmune responses to rnsaslss infectlon lhat appear after

onset of dlsease

~{A) Humoral immune response
The fi rst antibody to be detected at the onset of rash is the igotype IgM foliowed by

lgG {Fig. 1. 8), mainly of the 1gG1 and igG4 subclasses, An IgM response is absent

 ori re-vaceination of those previously immunised and therefore sefves as a valuable
- marker to dlstlngl.ush prlmary infection or vaocmatlon from previously infacted

individuals or secondary vaccination (Erdman, .D. et al., 1993; Linnemann, C.C. et '
- al, 1973). 1gG1 antlbodles are efficiently transports_d across the placenta and thus

provide the newbomn with specific protection against measles. Maternally derived

- antibodies can persist for up to 12 months but generally fade to protect the child from -
' infection after © months of age (De Serres, G, et al., 1997). Maternal antibodies

derived from mothers thathad a natural infection seem to persist Ionger and in higher

- tltres than those from vaccinated mothers (De Serres, G. st al., 1995; Brugha, R, et
., 1998). The MV proteins N, H, and F act as major antzgsns that give rise to a

strong immune response.

The N protein, the most abundant of all MV preteins, acts asa potent anﬁgsn The

first ahd most abundant antibodies produced are in fact against N (Griffin, D.E. et al,;

" 1995) and the presence of N antibodles is a good mdtoator for previous infection and |

.'_lmrnunity {Krugman, 8. et al., 1985),

Neutraiising antibodies to H, which are measured by Hl snd nsutralisation tests, | _
. appsar to play & mgjor role in. preventnng re-infection. Thus, measurmg the presence

and titre of these antibodies is a good indicator for assessmg susceptibllity and
_responss to immunisation (Oxman, M.N., 1897).

' 'Antlbod}ss to F most likely prevent fusion of the cell msrnbrans with the viral :

envelope and therefors limit the spread of MV to unmfected cells (Ma_lvoisln E. and

Wild, T.E. , 1990), F-specific antibodies cat be measured by inhibition of MV

'~ induced hemolysis of monkey erythrocytes (HLI) (Griffin, D.E. et al,, 1995)
- MV-specific antibodies persist for decades and in most cases for life and protect from
re-infaction with the virus. They may also play a critical role in recovery from acute

- diseass and can protect from initial infection (Griffin, D.E. and Bellini, W.J,, 1998). -
'-Recsntly. Katayama. Y. et al (1 998) havs detected wral antigens |n autopsied
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_ ~ organs, such as liver spleen, kidney, and Iung. whlch may be an indicator that MV '
__ antigens can persist in the absence of viral replication. However, the. presenoe of MV

: antugans in haajthy mdlviduals may have to be cqnﬁrme_d by further studies. -

. (B) Celular immune response

MV has a dual effect on cell-mediated 1mmunity (ChL) of the infected mdwldual It
depresses temporanly the pre-axlsting T-cell reactivity to non-MV ant:gens and

- simuitaneously activetes T-cell driven CMI (Saimi, AA., 1995). Markers for the
~ activation of CMI are the MV-induced elevation of plasma levels of CD4, CDB (Fig.
1.6), 1L-2 receptor, B2-microglobulin (Griffin, D.E. and Ward, B.J., 1993), the T celf
‘products H.-12, 1L-4, and IFN-y (Griffin, D.E. et al., 1890). Although present earlier

in infection, as evidenced by infi ltration of sites of viral replication by lyrphocytes

"and macrophages T gl activation first bacomes apparent during the prodrome,

when piasma levels of IL-2 and IFN-y are increased and proliferating T- and B- - |

lymphocytes can be detected in peripheral blood (Griffin, D.E. et al., 1889). CD8
oyt toxic T-lymphacytes recognize viral antlgens after the viral proteins have been
processed {0 pepﬂdas and prasanted on the surfacs of infected cells complexed with

major histocompatibility complex (MHC) class | molecules {Griffin, D.E. et al., 1995).
IFN-y, an important product of CD8 cytotoxic T cells, is elevated during measles

~ infection (Griffin, D.E. et al., 1990). CD4 T cells are activated as well during the rash
- and remain elevated for several weeks (Griffin, D.E. and Ward, B.J,, 1993),

_The immune suppression caused by MV is thought o be responsibie for increased |
suscepfibility to secondary infactions and therefore contributes to the morbidity and

~mortality caused by the virus. A typical marker for immune suppression is the
- decreased number of circulating T cslls durlng the acute phase of infection (Griffin,

D.E. et al., 1995). Several studies have recently been undertaken to explain the- |

‘mechanisms invalved in Mv-associstad immune suppression. Karp, C.L. et al. (1986)
‘have shown that MV monocytes specifically down-regulate il.12; 1L12 is important

for the ganaration of a normal CMI, it induces IFN-y from T- and NK cells, it is

required for the development of a T-helper 1 (Th1) response, necessary for DTH

_-rasponses and acts as an enhancer of NK cell cytOtoquy Monocytes and -

' macrophages are thoughi to be the miain 1L:42-producing cells in vivo, Esolen, L.M.
) et al. (1993) have shown that MV effi clent{y infects monacytes. The direct interaction

of MV with its receptor, CD48, might play a critical role in the Mv-mduoed_

downregulation of monocyte production of IL12 (Karp, C.L. et al,, 1996),
‘Three recent studies have suggested furtier mechanisms by which MV could cause

~ immurnie suppression (Fugier-Vivier, |. et al., 1997; Grosjean, 1. et 2!, 1997, Schnorr, -
J,-J; et al,, 1997). All 3 groups showed that MV efficiently infects dendritic cells,

‘which are imiportant antigen-presenting cells. Fugier-Vivier, 1. et al. (1997)

" demonstrated that CD4Q-activated dendritic Jells (DC) dacl_'e_asa their qapacity to.

- o

e LA it




1. Introduction and lits_raﬁ_xre review | 22 h

produce IL12, and T cells are unable to proliferate in response to MV-infected DG

_ stimulation. n ¢ontrast, it was demonsirated by others that IL12 production was

- enhancad after MV infection of DCs (Schnorr, -J.-J. et al., 1997). Whereas MV
replication in DC was low, the replication could be markedly boosted by DC-T cell
interaction. in MV pulsed DC-T cell co-cultures, massive apopiosis of both T cells
and DC was observed. The authars concluded that DC are a major targef of MV.
* Grosiean, | et al. (1997) suggestad that carrlage of MV by DC may facilitate virus

. spreading to secondary lymphoid organs. DCs are strategically located in the lung,

B ~ gut, liver, and skin, and are an important components of the proiy. . immunity

against a broad spectrum of antigens and mlcroorganisms {Bhardwau, ., 1997).
~ Thus, DC may represent a resarvoir for MV infection and a means of transport for the
virus to lymphoid cells i |n drauning Iymph nodas (Bhardwau, N., 1897). '

1.6, Immunisation

A live-attenuated MV vaccine was first licenced in 4863 and it remains one of the
most cost-effective public health tools availabie. The Edmonston B strain, the first
live-attenuated MV vaccine strain, was often administered simulteneously with

-gamma globulin (Krugman, S, etal,, 1983), This strain was attenuated by numerous

~ passages through a variety of cells {primary renal calls- primary amnion cells~ chick

. ernbryos—»_ chqck embryo fibroblasts) (Enders, J.F. et al., 1960 and 1962). Furt_her_
~ passage in chick embryo fibroblasts resulted in the Schwarz vaccine strain, which

was licenced in 1985 and remalns the most widely used MV vaccine. Other vaccine

~ sirains like CAM-70 end Len-16 have been attenuated from wt isoletes other tharithe . -
. Edmonston strain {Rota, .S, et al,, 1994). Atteriuated vaccine strains differ from wt

MV &trains considerably, affecting pathogenicity in primates, temperature sensitivity,
‘downregulation & CD46, and nucleofide sequences (Rota, J.5. et al., 1994; Rima,
'B.K etal, 1995a; Gellin, 8.G. and Katz, F.T., 1994a and 1994b; Markowitz, L.E. and-
‘Cutts, F.T., 1994; Krugman, S. et al., 1983; Schneider-Schaulies, J. et al,, 1995).
“However, the specific markers that confer attenuation have not been identified yet.

 Measles vaocine is avallable in monovalent farmuletion (MR) but is most commonly
administered subcutaneously in trivalent formulations (MMR) together with
atteriuated mumps and rubeila vaccines at a standard dose of 10° to 10* plaque

- forming units (GDC 1994)

The immune response to the lwe-attenuatad vaccine is similar to that induced by
natural infection, However, levels of MV specific antibodies and CMI generated after
vaccination seem o be semewhat lower compared with the levels after wtinfection;
furthermore, vaccine-indiiced antibodies appear to wane sarlier {Christenison, B, and -
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' _Bottlger M, 1994 Ward BJ etal 1995 WL. VH et al 1993 Pedersen, R. et al :
1986).

- The recommended age of lmmunlsatlon has varted from 6 to 15 months (Aaby, .

and Clements, C.J., 1989). In infants 8 months of age, the presence of maternal

antibodies is more !tkely than in older children {Markowitz, L.E. et 4l., 1980). The

-presence of matérnal -antibodies has been shown to markedly reduce. the

seroconversion rates and vaccine. efﬂcacy (Cutts, F.T. and Markowitz, L.E., 1994; '

Clemants, C. J. and Cutis, F.T., 1985) and antibodies of vacsinated mothers decllne

~ earlier than in mothers thathad ar .Jral mfechon {De Serres, G. et al, 1997). The . .

raoommended age of MV immunisation. is determined by a balance between the
optimum age for seroconversion and the probability of acquiring measles before that
age (Aaby, P, et al., 1996; Griffin, D.E. and Bellini, W.J., 1998). In South Africa, and
in many other countries where measles remains prevalent, the vaccination schedule
- requires that routine :mrriunisatlons are given at 9 and 15 months of age
(Epldern[olqglcal Comments, 1994-1997; Schoub, B.D. et al., 1980).

Advances In the fields of molecular genetics and immunology have__.pmvidéd_
possibilities for development of innovative measles vaccines, The main objective of

a new vaccine would be to'generate a product for use in the young |nfant inthe

* presence of matemnal antibodies (Katz, S.L. and Gellin, B.G., 1994 Norrby, E., 1995;

~ Osterhaus, AD.ME. et al., 1994). Four different principles are currently under
- investigation. The classic replicating attenuated MV, repiicating vectors containing

1 or.more MV genes and non—repiicatlng immunogens mcludmg 1 or more selected
uomponents and DNA-based immunisations (Norrby, E., 1895; Brinckmann, U.G. et
al,, 1991; Pedersen, 1R et al., 1992; Fooks, AR et al., 1998, Hathaway, L. J.etal,
1995 and 1998; Wild, T.F. etal., 1992, Obeid, O.E. ot al 1993; Beauverger etal.,
1988; Yang, K. &t al,, 1997; Cardoso, Al exal,, 1998). ' : '
Primary vaccine failure dus to failure to maintain the cold chain rema[ns a serious
problem in the developing world and secondary vaccine failures, which may only
affect few vaccine recipiznts, are contributing to the contmued problems to control
Cand interrupt MV transmlssion in many countnes ' : :

-_'-1 7 Epldemlology

" "The WHO esttmates that 45 million MV infections occur world-wide annually with

ore than 1 million MV related deaths {Weakiy Epidemiological Record, WHO,
1994). Measles is one of the most cantagious diseas. of humans (Clements, C.J.
and Cutts, F.T., 1995) It Is estimaied that 90% of household exposures of
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susceptible individuals «2ad to infection (Gellin, B.E. and Katz, S.L., 1994). The

. - absence of an animal reservoir and significant persistent infections, respectively,

- requires a continuous supply of suscsptibles in order to maintain transmission of the

virus., Mathematicat models have shown that a population size of 250 000 fo 300 000
i~ wmeded fo establish measles as an endemic diseasé (Black, F.L., 1966}, The mam' '
W of susceptible individuals is' formed by young' infants whan their maternal '

~ intitw, dies disappear end before racaiving routine vaccination (Oxman, M.N,, 1887). N

The frequonoy cf MV infections is highest in the winter months and transmission Is

~ most efficient upon direct contact, the inhalation of droplets of infacted respiratory

tract sacretions. with an infected individual (¢ iffin, D.E. and Ballini, W.J., 1988). 1t -

has been estimated that in countries with a high viral burden, - vaccine coverage
exceeding 95% is needed to effectively interrupt transmission of MV and to prevent
outbreaks (Ariderson, R.M. and May, RM., 1990). However, numerous outbresks of
the disease have been reported in highly vaccinated communities (Gustafson, T.L..
etal, 1987; Chen, RT. et al,, 1988). Of great cancem in most developing countries,
where MV remains endemic, are the infzctions in children fess than 9 months of age L
(Aaby, P. and Clements, C.J., 1989). Routine vaccination in most of the developing

world is carried out at 9 months of age. The maternal antibodles, however, have -

been shown to decrease earlier when the mother was vacclnated instead of having
acquired immunity through natural infection (De Serres, G. etal., 1997; Altintas, D.U.-
‘ot al., 1996; Brugha, R, et al., 1996). The age specific attadk' rates thus largely
depend on the age at which niaternal antibodies are lost. Side effects from
vaccination at 6 months of age have been reported to be more severs than at 9 or
- mare months of age immunisation at & mor's of age should therefore only | be
carried out in hllh-ﬂSk areas (Weekiy. Epitf.smtolog:cai Reoord WHO, 1984; Aaby,
P. and Clements, C.J., 1888).

1.7.1 Molecular ap!d'emlo'l'-'ogy

- Molecular epldemlologlcal studuas on MV have mcreased 'narkedly over the past 5
' yeam Investigations of strains differences and the determination of genofypes that )
are circulating in a couniry over time have fade significant contribution towards
woridwide control and elimination efforts. Only the profound knowledge of the
genetic groups present in & region or country can subseguently allow for the.

o identifi cation of imported sirains and patterns of viral transmission (Kew, O. and

~ ‘Nathanson, N., 1885). This is an important means for assessing the success of local
- vageination and MV control programs, In visw of enhanced efforts that are being
made wondmde fo ellminate and eventually eradicate MV, molecuiar epidemlologlcal '
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- investigation will become even mors important, the increase in worldwide travel may
contribute to the importation of geographically restricted virus groups into countries
~ that have prekusly sticceaded in lntermptlng transmission of md:ganous MV within

their borders (Bellini, W.J. and Rota, P.A, 1998; Rota, J.8. &t al., 1998), For
example, the ongoing investigations of strain differences in the USA have enabled
 them to show that transmission of indigenous MV was interrupted after 1892 and that
the sporadic cases that occurred after 1992/93 were caused by importations from
'various countries (Rota, J.S. et al., 1986 and 1998; Bsllini, W.J. and Rota, P.A.,

1998). Considaig the success that especiglly the USA had with molecular

epidemiological studies South Africa decided in 1994 to enroll in similar

investigations to support the locat MV controt efforts. The molecular epidemiology of
" MV irl South Africa is a major topic of this study and will be dlscussed in greater _
detall in the resutt chapters. . '

1.7.2 Epidemiology of measles virus in sduth Afvisu

Information about the annual nu'rnber of measles cases, tho égs—speciﬁc attack rate,
 case fatality rates (CFR), vaccination coverage and other classical epidemiological
“information has been collected in South Africa by the Department of Health for

several years. However, the Epidemiological Comments published monthly are only

considering notified cases, Routine vactination against measles was introduced in
South Africa in 1975 and in 1875 measies was first made a notifieble disease, The
. actual number of cases is eshmated tobe 3 to 5 tlmes higher than the notified
figures.
. 'The South African [‘Jepartment of Health has launched the first mass vaccination
~ ‘campaign in 1980, which was followed, in 1991, by a reduced number of cases and _
- measles related deaths, However, this was followed by a major epidemis in 1992 that
* for the first time affected both infarits end preschaol children as weli as older children
and adolescents, most of whom had been vaccinated {(Schoub, B.D., 1893 and
1994a; Coetzes, N. et al., 1994). A survey conducted in 1994 revealed that vaccine
caverage approached 76% for the whole of South Africa varying batween 66% and
'89% betwsen diffeent provincss. in 1996 and 1987, South Africa has again
~ completed 2 mass vaccination cempaigns in order to reduce the incidence of
measles. In these 2 campaigns, different provinces have applied different vaccination
. strategies, such as targeting different age groups. Fig. 1.7 shows a map of South
Affiica with the 9 provirices and the vaccine coverages achieved for each province.
Trie total coverage achieved in 1996 arid 1997 mass vaocmation campaigns was
91% and 79%, respactlvaly
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Northem :
_ Province
89% (74%) Y

Nertem Cepe
94% (83%)

Eastem Cape
99% {84%) -

' -W_éetam'Gape
-, 99% (87%)

Fig.7

Scuth Afrlca wﬂh nine cfﬂdal provlnues ' '
The vaccine coverage achieved in the 1886 mass vanclnaﬂon camnalgn is Indicrated
- bythe first nurnber belaw the name of the provinces. The 1957 coverage results are
" shown In brackets. Three provinces did not take part .1 the 1987 campalgn (Indlcated '
- bya dash)
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' Tha avarage number of notlf‘ed measles cases and relaled dea{hs in South Africa
over the past decade averaged 15 000 and 300 respecti\reiy and this is cerfainly a

. vastunderestimate of actual cases (Naidoo, 8. and Meyers, K, 1994), The number - o
of notified cases in South Aftica from 1988 until 1996 is shown in Fig, 1.8. As

mentmned abcve the humber of cases dropped to below 5000 in 1991 after the first
MV controt programs were employed in 1890. This was followed by a substantial
outbreak in 1982 with notified case numbars approaching 24 000. An all time low of
- ~3000 cases was achieved in 1994, Cases notified for 1997 were not available but
numbers are believed to have drcppad markedly after the 1996}97 MV mass
‘vactination | campmgns ' :

| 26000

i 20000 -

15000 —~-r-

o =y e ~r = . ~ e sl
' 16688 1988 1980 1884 1992 1093 1884 1695 - {098

1 noﬂﬂéﬂ cases

bt e . e e p b s A phm

" Fig, THE Numhar of notifled cases of maastas infections in Snuth Afﬂca betwaen 1988 and
' 1996 '

Fig 1 9 summarlzes the age apacﬂ'c attack rates in Sbuth Africa from 1990 untit

1896, A clear trend towards increased cases in clnldren 5 years of age and older can

" be seen from 1992/93 onwards.
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% |
80 :
50- |
_ E _ I
e F . |
ERl r: | j I R
0 CF T I . SR
o 1880 1891 - . 092 1993 1084 - 1906
<1 '{j -4 ﬁ 5.9 [ 104 '1S+ .'
1993 «double bar reflacts age gmup 5-14; Individual data for the age groups were not - i
available, Dats for 1997 were only available for the first half of the yeer with 422 cases
hotified from JanuanytoJuly'Q? . i
Fig.18  Age distibutlon of measles cases in South Affica betwen 1990 and 1996,

Cases in children under one year of age have decreased from 28% in 1990 to 8% In
1998, This reflects the global trenid of measles cases shifting towards older children

and young adulits 4 vaccine coverage Improves (Schoub, B.D.,1894a and 1994b;
- Schoub, B.D. ancl Martin; D.J., 1983; Padayachee, N. 1990) '




1. lnlro'ductlon and Hterature ravléw- . o 2g

1.8 Objectives of this study

"The objectwes of thls study were:

I N To establrsh how mar iy dlfferent yviral groups of MV are mrculatmg in South |

Africa (by sequence and phylogenetic analysis of the MV hernagglutlnin (H) " :

~© and nucleocapsid {N) geres). :

2. To compare phylogenetic resuite for N and H genes and to compare South

- African MV strains to strains isolated elsewhere, '

3,  To determine whether genetic drift occurs over a perlod of 4105 years in
~ ' certain genetic groups.

4. Toinvestigate the geographic distnbutlnn of genetic groups in South Afrlca

8. To establish rapid, simple, and cost-effective pre-screening techniques that
allow for reproducible genetic screening of multiple samples at a time.
* To study basic antigenic properiics of South African MV H proteiris,
“To analyse whether Souik African wild4type MVs downregulate the MV

No

receptor CD46 and to establish whether wild-type and vaccine, or vaccine-like
strains show differe: ltlai downregulation pattems

To date, very little is known about the molecutar epidemioiogy of MV in African
~ countrigs, Africa, especially sub-saharan countries stilt account for Most measles
* cases and measles related deaths worldwide, Some information is available about

-~ strains that have circulated in Cameroon, Gabon and the Gambla some years age . .

(Outaiw, M.C, et al,, 1997; Rota, P.A, et al., 1994). MV remains to be & major health
~burden in Africa; improved vaccination strategies resulting in high enough vaccine
coverages will certalnly help to reduce measles infestions, However, the knowledge
of genetic groups clrculatmg in & given country is the only way to identify imported
- fromvindlgenous cases, and will thersfore be a cructal tool in assessing the success
- of local vaccination programs. Continued serological and molecular epidemiological
surveillarce are important means for countries that are attempling to reduce the
spread of the virus and eventually interrupt transmission of MV. Furthermiore, the
endemic presence of the virus in most African countries can serve as a continued
source of importation of MV into countries that have already succeedad in
interruptinig transmlssmn of the virus within their bordars : o

South Africa has en‘ollad in lmproved MV contro! strategies in 1990, when the first
. mass vaccmation_campazgn was isunched. In 1996 and 1997 2 further mass
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~ vaceiniation campaigns followed in addition to continued attempts o improve routine

vaccine coverage. Nevertholess, up until now MV circulated sndsmically causmg'
K unacceptably high numbers of measies cases, Now that vaccinason programs seem

* to be showing the first effects of greatly reducing the numbers of cases, serological

diagnosis will gain in importance as doctors see less cases and hecome unsure of |
the clinical signs of a measles infection. Molecular epidemiological studies will
- certainly. play a vital role in assisting in the determination of how successful local
elimination campalgns have been and will be, The knowledge of MV strains
clreulating in other southem African countries will bscome important for South Africa,
as traveliiig across the borders increases and the nsk for lmportation ef MV from
_ nelghbeuring couhtries is high. : :

In thls atudy, 97 MV spectrnens eoﬁected betwveen 1678 and 1897 were enalysed in
order.to establish the molecutar epidemiology of MV in South Africa. Of these
samples, 44 were analyaed by sequence analysis of the oarboxyl-tennmus of the N
gene andfor the full cotling sequence of the H gene Furtharmore, all spec[mens
were pre-screened and analysed by HMA., :

" The genetic changes over time were cumpared and assessed for the spet:lmehs

o analysed. Despite efforts to inciuds reprasentatwe isolates from afl 9 provinces,

. spegimeris from only 4 provinces were obtained. However, efforts will continue to
collect MV specqmens from all regions within the country and to furiher include
* gpeciméns from neighbouring countries or other African nations, Sequences from
~ southern African MV s!rains were campared to those obtained from the rest of the
"~ world, _

~The Jarge number of specimens collacted in southern African countries demanded
the use of a rapid and reliable technique which would allow for genetic pre-screening -
of MV strains. A potential test systern had to be easy to perform and require only
 standard laboratory equipmertt. Furthermore, a pre-screening technique hadto be”
rapid, delivering resuits on mulitiple PCR products within a short period of time, and
shouid preferably be more cost-sffective when compared to techniques such as

- sequencing. Finatly, pre-screening results had to be reproducible and to compare

well with sequencing data obtained for the same specimens. Such a technique would
be particutarly useful for developing countries where only basic laboratory facilities

~ are available and the cost for molecular epidemiotogical testing needs to be kept to:

a minimurn

The analysis of the antigenic properties of South African hemegglutimn {H) protelns o
"was performed to estabiish whether the typical nt and aa changes seen in South
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" African H genes could change the migration patterns of the proteins and whether
- different antigenic epitopes exist on H when oomparmg South African MV stra:ns o
- those descﬂbed prevfously

- Fmally, the dn‘ferentlai downragulation of CD46 by South Afnun wnd-type versus

vaceine-like strains was |nvest|gated by FACS analysis. Different titres were used

. as an input to estabiish whither varying concentrations of the virus would show

. dose-dependent eﬁects on the downregulation. Furthsr, strains grown in BSSaand
© Vero cells were compared for their abllity to atter the expressmn of CD46 on the host-
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2. MATERIALS AND METHODS

oo _21 Vlrus 1soiatlon and specimens

214 Vlrus isoiatlon

BG5a is an EBV-transfonnad marmoset B- lymphob!astond cell line and has been |
shown to be highly sensitive to measles virus {MV) {Kobune, F. et al., 1990), BS5a _
~ monolayer cultures were used to isolate MV from either throat swab (TS) or urine .

specimens. Specimens were collected from patients meeting the clinical criteria for -

& measles infection, which are fever and maculopapular rash and one of the
following: cough, coryza or conjunctivitis, TS's were transportad to the laboratory in
- viral transport medium (VTM), containing 1% bovine plasma albumin in Dulbecco

buffer. Upon arrival the VTM was spun at 13 000 rpm (20 800 xg} in an Eppendorf X

centrifuge 5415 C (Eppendorf, Hamburg, Germany) for 5 min, The pellet was
- resuspended in 1 ml of EMEM (Earle’s minimum essential medium}) supplemented -
‘with 2% fetal calf serum (FCS) and inoculated onto a 80-80% corifiuent monolayer
of B95a cells in a T28 tissue culture flask ‘The virus was lsft to adsorb for 1 hat -
37°C in a humidified atmosphere with 5% CO,. After adsorption the virus inoculum:
was removed and storad at -70°C to allow for further virus isolation attempts if
' necessary Six ml of maintenance medium (EMEM + 2% FCS) were added, calls
again incubated at 37°C and observed daily for typlcal measles virus cylopathic
effscts (CPE}, such as cell fusion and syncytia formation. When CPE approached |
- B0-80%, colls were scraped off and centrifuged for 5 min at 1000 rpm in a GLC-4
Sorvall centrifuge (Du Pont). The pellet was either used for extraction of RNA (see
- 2.2.1) orfor preparation of viral stocks by resuspending the pellet In an appropriate
volume of EMEM + 5% FCS. Viral stocks were stored in aliquots at -70°C. - :

" Uring specimens were treated as above with a minor modification. Upen arrival the

‘urine was spun {5 min, 1000 rpm) and the pellet was washed once with PBS, The

urinary pellet was then resuspended in 1 mi of EMEM + 2% FCS supplemented with

* Fungizone and an antibiotic cocktail (Penicillin 200U/mi, Streptomycin 0. 2 mg!ml)_
and then mocuiated onto BO5a cells and treated as above
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242 Sp'ec'iinens'

: '-f. Apart from TS arid urine specimens, several sera and cerebmsmnal ﬂuuds (GSF) |

were analysed. For recent sera and CSF collectad after 1990, igh and 19G siatus -~

‘was determined using the Enzygnost Antl-Meas!es virus igMilgG ELISA (Behring,
Marburg, Germany) test according to the manufacturefs instructions. Samples 3

o collected before 1890 had unknown IgM status but were collected during cltmcatly

- - confirmed measies outbreaks within South Africa. - __
.. Between 1984 and 1908 & total of 143 specnmans were prooessed for virus isolation.
The majority of isolates were obtained from throat swab samples. A fotal of 100
rneasles virus isolates were prepared, 97 of which were further charactarised. Table -
2.1 summarizes information on all 87 measles specimens a selection for which
sequencmg or other results are presented in the results chapters. Strairis marked

" with "(V)" were Initially isolated on Vero cells by the diagnostic section at our

Institute and viral stocks were stored at -70°C. All isolates made on Vero cells were '
~ further adapted to grow in B95a oells

- Tabie 2.4: Specimens analysed in this study.

stralnt s age " race impmuniz. specimen .-
L Lo o ' status . R
. SA2BOMTE e S . o
‘SAlG87E - . . o - o . seum-
SAZBW?B - L. - - csF
- SABITE - - e I serum
. Jnbtes4 . - . - senm
- Jhbliee (v) F - - - T8®
 piEBY) M B9 - ™S
. Jhbﬂaam .... - - . . - - ..
- Jnbid(M - F e s T
o Jno2BR QY . . - - . .
Jhb1780 - - ; - T8
© Rdptie4 ' 129 E - e uine.
Jhbi/e4 M 16y - B yes TS.
- Jhb2/ed4 M 21y B . T8
- Jhbafe4 E Tm - B w TS
M 3y B yes TS

NCH95
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' Table2: continued

immunlz. specimen

 §

Pales .
. Mdbg1 JoEs.
~ . Mdbg2/35
_pdbg4/ob
Jhb2/85
Jhb12/65
- Jhbiamss -
Jhb14/95
Jhh20/95
- Jhb22fes -
- Jhb23/96
- Jhb24/95
- Jhb27/95
Jhb28/9&
Jhb29/e5
- Jhb3ofes
-+ Jhki32/85
Jhb35/95
Jhb36/95
Jhb38/85
Jhb41/85
Jhb43/95
- Jnb45/86-
-Jhb49/as
JhbB0/95
JhbS1/@5
Jhb54/95
- Jhb35/96
- Jhb56res .
Jhb57/05
- Jhb5B/85
‘Jhb&9/95

S ) TS
yes - T8
-yes TS

Cone ) 18
oyes . T8
. TS
- . T8
no TS
ne
o

yes -
- yes
no._-
no
yes

- no

-
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o
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- Jhb70/E
JRb74/95
Jh72/95
Jhb73/05
- Jhb7A/95
Jhb75/85

© Jnb76/95

© Jhb77/08

. Jhb7BIes
© Jhb7os

" ‘Natai/46 .
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T#bi'a_ 24 c_:_pnﬁni.'zéd'

‘straln - sex “age © race | lmmuniz - specimen
S - _ 5 o statue .
. Natal7/os - F . 23y . - TS
© . Natalg/os M 18m - - ™ -
-~ Natalg/os - M ay. - no - TS
. Natal10/08 F am s yas - . TS
. Naial12/96 - - L= « .o - T8
Ta/e6 (Jhby M 25y - E yes . Uﬂna
T5/88 (shb) - F 58y E ‘ne Urine
" Jhbs/ee - ‘F am B ‘e .. TS
Jhb6/96 - "M 10y B - - T8
Jhiv14/06 ‘M iy B S T8 -
Jhb18/96 - F 15y B . . T8 : %
- Jnb23/96 Mo 19m B . yes I - .3
Jhb24/08 M 8m 8 ] s
Jnh25/96 F 10m- E - T8
- Jhb2B/ee M - - E yes T8
© Jhn28/06 F 18m B - - T8
- Jhbze/es - W STy R - TS
- Jhb32/ee - F 8y - B e T8
Jhbdd/en o 11y E - 18
- Jhb37/98 . 23y E no . TS -
Jhbabea M 18y B - T8
Jhb47/96 M Ty . B - L
© Jhba0ige M 7y B - - T8
© JnbS1/es - M Kl o - ma . TS
. SSPESOTPE oM By B . - serum
- SSPECTPE M 5y. B - csF.
Dbﬂ’ug? i T - . - - - osArum -
. Widk28/97 M - - - serum
o Wdket/a7 _ - C serum
T Jnbaer - Fr 8y B. T -
. Jdhbs/e7 F 22y B - . T8
- *unknovm

: al:brewat{ons tndicate origlt of spemmenf year of coilecllnn'
sa:  South Africa
Sow: Soweto, Gaittang vavinoe .
Jht:  Johannesburg, Gauteng Province
. Rept: Rodepoort, Gattteng Province
. NC:  Newcastie, Natal Provinca. -
Mdbg:: Middieburg, Mpurmalanga Province
PE: Port Elizabeth, Eastem Cape Province
- Pti: - Pretoria, Gauteng Province
 Mnd; - Adrand, Gauteng Province
Natal:. Ubanbo, Natal Province -
© Dhn::  Durban, Natel Provirive
.. Wdk Windhoek, Namibia
TS ThroatSwab
OB European B: Black, G calaured
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. "'-2.2 | Ext'ractidn of RNA' .

- Nuclelc acids were extracted e;iher fmm vurus-unfectad 895a cells or dlrectly from' -
chmcar sarnp!as (serum and C%F)

224 Extraction of RNA from virus-infebted cells

~ 'This techrique has been descnbed by Chomezynski, P. and Sacchi N. (198") and
- was successfully applled to exiraction of total RNA from B95a cells (2.1).infected
- with MV obtainec rom TS or urine specimens The method utilizes the strong protein
denaturing abilities o quanidinium thiocyanate (GTC) together with the
- simultaneous inactivation ui risonucleases (RNase). Cells are lysed and denatured,
- almost mstantaneuusly, in a 4M solution of GTC contaimng the mild detergent
sarkosyl. The method then takes advantage of the observation that RNA can be
separated from DNA and proteins because of its greater density, RNA can be
extracted under acldic conditions becauss it remains soluble in a 4M GTC solution
- {pH 4} in the presence of a phenol/chloroform organic phass, whereas most proteins
and smaller DNA fragments (60 bp to 10 kibp) are in the organic phase and larger

" [INA {-agments and some proteins remain at the interphase, The fragmentation of =

DNA during homogenization helps to remove DNA from the H,0-soluble phase. All
- solutions were prepared using RNase-free chemicals and RNase-free H;0.

. Method and solutions:

GTG solution: 4M guanidinium thiocyanate
o 25mM sadium citrate (pH 7.0)

'0,5% sodium sarkosy! .
0.1M 2—mercaptoethanol added Just before use

B B953 calls shcwvlng CPE typical of MV were scraped off and oentnfugad &t 1500 rpm

* for 5 min. The resulting cell peliet was resuspended in 100 i of PBS and added to

400 yl of GTC solution. Cells were homogenized ir this solution by pipetting them
up &ind down 10-20 times. To obtain an acidic pH, 50 yl of a 2M sodium aceiate
solution (pH 4.0) was added and mixed by inversion of the 1.5 ml Eppendorf tubs. -
RNA was extracted by addition of 500 Wl of H,0-saturated Phenol and 100 pi of
Chloroform and was chilled on lce for 15 min. Phases were separated by
centrifugation 13 000 rpm for 30 min_at 4°C The aqueous. phase was then

transferred to a fresh tube and precipttated with 600 w Of ice cold isopropanol for at

© lesst- 1 h at -20°C. The nucleic acids were centrifuged as above and then
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~ resuspended in 150 pi of GTC solution and 150yl of chilled isopropanol and placed
at -20°C for another hour, Centrifugation was once more performed as above and
the resulting pellst was washed 3x with 75%. EtOH. The nuclsic acid peilet was -
~ dried at 37°C for 1 5—30 mln and then resuspended in20 pi of RNaSa—free H,0.

_ Commerciaf kits for extracﬂon of RNA: ' '
- Altematives to the above method of RNA extraction which was used forthe major!ty -
~ of MV isolates were the High Pure RNA isolation Kit (Boehnnger Mannheim,
- Germany) or the RNeasy Total RNA Kit (Qiagen, Hilden, Germany). Both wara used
when RNA was needed within a shorter period of time, The kits utilise microspin -
techniology and achieved the extraction of high yields of RNA within 15-30 min. The
'BM kit is optimized for RNA to bind fo a glass fibre fleece whereas the Qiagen kit
uses a sillca gel membrane for the selective binding of RNA. Both kits were used
- 'amnrdmg to the manufacturer’s tnstmctinns

2,22 Extraction of RNA from clinical samples

Saveral methods iricluding the techniques described under 2.2.1 were tested for the
efficient extraction of RNA from clinival sampies such as serum and CSF, Of these,
~ the method described below provad to be most efficient with regard to the quallty.
. yield of extracted RNA and speed of isolaﬂon

' Meéthod and solufions:
GITC solution: 4M Guanidinium isothlocyanate, dissolved i in deO
' o 25 mM sodiumn citrate, pH 7.0
0.5% lauroyi sarcosine
0.1 M 2-mercaptoathanol

200 i of serum or CSF was thawed on ice and added to 600 i of chilled GITG
~ solution. After incubatior on ice for 8 min, a 1/10 volume of 3M sodium acetate, pH

© 5.0 was added and RNA was extracted with 500 1l of water-saturated phenol and
- 100 1! of ehicroform, Nucleic acids were precipitated with isupropanol at -20°C for
- & minimurm of 1 hour. Centrifuigation at 13 000 rpm for 10 min resuited in a pellet that
} was then weshed 3 times with 70% ethanol, The extracted niicleic acids were dried
at 56°C for 3 min and at 37°C for 5 min, RNA was resuspended in 12 pl of hucleass-

free water and used directly for RT-PCR as described in section 2.4.3.
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' 2;_'3' RT-PCR

- Two drfferent RT—PCR protuco{s were used to ampl:fy Mv-specif'c nualeic acuds E
The first method reverse transcribes viral RNA into cDNA using MV-specific primers
- and was usad for RNA a>¢racted from MV-irfected B95a colls. The second approach
 used randorn hexanuclectide primers for tra 1seription of RNA extracted directly from
clinical samples {sera and GSF'S) . o

. 2.3.4 Primers for RT-PCR
The primers used for amplification of sither the MV H, or partial N genes are -
" summarised in Table 2.2, Frimers were designed using the DNAS!S for Windows
- 'software package (Hltachi version 2 5) :

Table 2.2: Measles virqs-spe_ciﬂc PCR primers

primer ~  position size . sequence
N9 gB.03 383 5 CATTACATCAGGATCCGG S
Nae! - 402419 S " .8 GTATTGETCOGCOTCATE 3
N5~ | 10801083 687 §' GOTATGCCATGEOAGTAGGAGTOE &
‘Maw isad8t7 5 GGCCTCTCGCACCTAGTCTAG Y
 Nie- Cess01? 478 B TTCAGAAGAAGTTCAGTGCAGGATCATACG &
TN 1esz4368 - & CCTCGACTCTGTTTGACCCTOGTATCTTO &
NiB« - 12854284 382 | S'TGAGGACMGATGAGTAGAGGGGGTTGGAGG »
N8~ - as ahove - - s above -
I 'Q‘io;ia 1874 5 GATGGAATTGATGTCACOACMGG 3
L Hae 1837-1864 | & GATCGEATCCCTATCTGCGATTGS 3

A N nucleocepsirj gena, H: hemagglutinin gene, F: fuslon gane
- = forward otlentation, ~: reverse orientatlon :
-V as described by Rota, P, A ot at., 1995,

* . asdescribad by Rota, J. S at al., 1994,
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2. 3.2 RT—PCR of Y lsolates

: 'Methoﬂ and so!utions _
~ {0xPCR puffer.  500mM KCi
' ' " 100mM Tris-HCl (PH8.3)
_15mM MgClz

: dNTP mix' : dATP dTTP, dGTP cIGTP at a concentratton of 10mM each

Al soiutions, buffers, and enzymes were obtained from Boehringar Manhriheim
" unless stated otherwme. :

- Reverse transcription (RT): -

For reverse transcription of RNA into cDNA. 3yl of RNA (2.2.1) was cambined with
- 1 il of esch forward and reversa primer (20 iM), 2 yl of a 10x PCR buffer, 8 yi of
" dNTP mix, and an additional 4 pi of 25 mM MgCla, Depending on the fragment to be
~ amplified, primer pairs used were sither N1-N2, N5-NB, or H1-H2 (Table 2. 2). For

. annealing of the primer to the RNA, the RT mix was heated for 90 sec at 85°C, then
cooled at room temperature for 5 min and placed on ice for a further 5 min. To the

chilled RT mix, 1 pl of AMV-RT (10 U) and 1 pl of RNasin {20 U} were added and
incubated for 50 min at 42°C. The R‘T enzyme was inactivated by heating the mixture .
for 5minat95°C. -

PCR: '
" PCRivas perfon'nad by adding an additianal 4 pl of each forward and reverse pnmer :
- (as abova) to 20l of CDNA reactlon mix, as well as 8 pl of the 10x PCR buffer
- described above, 5 of Tag polymerase and dH,O to a final volume of 100 pl .
~ Cycling conditions were as follows: 85°C for 1 min, 30 cycles of 95°C for 1 min, 5C°C
7 sor 2 min, and 72°C for 2 min. PCR products were visualized on 2 1% agarose gel _
(2.8.4). . _ -

233 RT-PGR'dfcumca! samples

. Method and so!uﬁons-
5x RT buffer 750 mM Tris-HGI {pH 8 5)
40 mM MQGI2
- 150 mM KCI

5mMDTT
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: Reverse transcnpﬁon (RU _

To 12 i of extracted nuc!eic acids (2.2.2), 0. 2 Mg of random hexamer (N pnmers
_(Boehringer Mannheim) were added and incubated at 70°C for 10 min and then
chilled on ice for 5 min. To the annealed primer-template mix, 4 pf of 5x RT buiffer,
1l of dNTP mix and an additional 2 ul of 0.1M DTT were addad, After incubation
. for 10 min at 25°C and for 2 min-at 42°C, reverse transcription was initiated by the
addition of 20 U of AMV-RT. Incubation was nontlnued for 50 rain followed by the
denaturation of the AMV-RT for 5'min tat 85"0

: _.3—5 pl of ONA were added to & PCR master mix containing 10 il of 10x PCR buffer,
- 3l of 25 mM MgCl, 3 pl of dMTPmix, 60 pmol of each forward and reverse primer,

- and 5 U of Taq polymerase in a total volume of 100 yl. MV-specific primer pairs N16-
~ 'N17 and N18-N8 (Table 2.2) amplified two overlapping fragments of the carboxyl-
" tarminus of the N gene of 375 bp and 384 bp length, respectively. PCR cycling
 conditions were as follows; 95°C for.1 min followed by 30 cycles of 94°C for 50 sec,

50°C for 1 min, and 72°C for 1min with an additional 1 sec per cycle and a final
- Incubation for & min at 72°C.10 i of PCR products were visualized on 1.5% agarose
gals. Where first-round PCR products wers poorly visible, a second round PCR was
-performed using the above mantloned pririers and conditmns. and 5-10 pi cr the
firstround product as temp!ate : :

o 2.3.4 Agarose gel electophoresls

g 'Dapendmg on the size of lhe fragments to be analysed 10 Wi of PCR products were
electrophoresed on 1-2.5% agarose gels containing ethidium bromide at a

B cancentration of 14ig/ml. Gels were run in 1x TBE (Tris-buric aoid-buffer} at 100V for

1-2 h. DNA bands were visualized on a UVP UV transilluminator (UVP, Life Science,
Califomia, USA) and thair size estimated by comparison with DNA molecular weight
_ markers (Boehnngar Mannhelm)

2.4 Sequence analyms

Sequenoe anaiysis of the short fragments (456 bp) of the carbnxyl—tenninus ofthe

" MV N gene was performed manually, directly or PCR-amplified fragments.
. Sequences of the entire H gene owenng 1874 bp were determined using 2 different

SRR .
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o -automatad sequenc!ng apparatuses Sequencing pnmers are. summarised in Table -
23 . _

2.41 Sequencing primers

Table 2,3: Sequencing prlrnsrs | k

. primer ~ position - - sequence
NE-* - - 40801053 5 GCTATGCCATGGCAGTAGGAGTGG S I _ 1
N8~ - 18174599 5 GGCCTOTCACACCTAGTOTAGS® - . e
Ng- 1208-1230 = 5 CTTGTTTCAGAGATTGCAATGGATS -
Ni7- - 13634823 5 CCTCGACTCTGTTTGACCCTCCTATCTTCC S
N7 14781502 5 AGATGCOCAGGACAGTCGAAGATC 3'
ML 108 5 GATCGAATTCATGTCAGCAGAACG 3'
H2 18641837 5' GATCGGATCCCTATCTGOGATIGS 3'
H3- . © 399428 5' AGAGATCTCACTTGGTGTATCCAAC 8
Hé- 753774 . 5 GTACCGAGTGTTTGAAGTAGGE S
CHS- 0 114541187 5 TCCAACAGGCGTGTAAGGGTAA 3
He+ 9081024 - & GCAATCOTGGGTCCCUTTATCAACGE 3
H7- 1028905 5 GTTGATAAGGGGACCCAGGATTGCATG 3
* N: nucleocapsid gene, H: hemagglutinin gene

- - forward orlentation, - reverse orientatian

2.4.2 Manual 'sa_quencljng_

_Method andsafutfons- : o
. GTG electropharesus buffer 1. 78MTris
0.58M Taurine
10mM EDTA

" Marwial sequencing of the carboxylterminal 456 bp of MV N genes was performed
directly on PCR products, 5 i of PCR products were pre-trested enzymatically with
1 Ml of Exonuciease [, which removes residual single-stranded primers and any
single-stranded DNA products produoed during the PCR reaction. Shrimp alkaline
phosphatasa {1 ul) was added to remove remaining dNTPs. Annealing of the
sequencing pr:mer to tha template labelling reacﬂons using [“S] dATP (ICN
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Gal |f0mia, USA) and the termmetion reactlene were get up using the SEquenaee_
" PCR Product Sequencing Kit (Amersham Life Science, Buckingharghire, UK) -
acsording to the manufacturer's instructions. DNA bands were separated during
denaturing gel eiectrcphoresns on an 8% polyacrylamlde gel electrophoresed at
~ 2000 V for 2-6h. The gel mixture as weil as the electrophoresis buffer contained
' glycerol tolerant gel buffer (GTG). Following electrophoresis, gels where fixed in 5%
aostic acid and 15% methanol to remove urea. The gel was vacuumi-dried at 80°C
for 1h and then exposed to Hyperfitm Bmaix (Amersham) autoradiographlc f Im for

”12~3eh

243 Automated Sequencing

-_Sequenees of the entlre hemegglutrnln gene (1874 bp} were determined by
automated seguencing on sither an ABI PRISM 377 DNA sequencer (Perkm Elmer,
New Jersey, USA) or on an ALFe;quese sequencer (Phan’nacle blotech Uppsela

- ‘Sweden).

- ABI317 sequenclng
- PCR products were purified using Gentr:Step eelumns (Prmoeten Separations, NJ,
USA), Purified PCR products were cycle sequenced using the ABI PRISM Dys
‘Terminator Cycle Sequencing Ready Reaction Kit (Perkin Elmer, Roche Melecular
. Systems, NJ, USA) according to the menufacturer‘s instructions. :
- ALFexpress sequencing:
The ALFexpress sequencer was used for sequence analysis of cloned H genes

- (2.5). Clonied products were sequenced with unlabelied primers using the Cy5

AuitoRead Sequencing kit with the Cy5-dATP Labelling Mix (Pharmec!a) according
te the manufacturer’s instructiens :

2.5 Moleeular cloninig of m.eaelesﬁ virus H genes

MV H genes were emphﬁed using pr:mers H1 and H2 (Table 2.2). Primer H1 -

contained a unique recognition site for the restriction enzyme EcoRI and H2
contained a unique BamHi site, PCR products were purified using the Wizard PCR
" Preps DNA purification kit (Promega, Madison, USA). 10 pi of the res:ltant PCR
product was double-digested with EcoRl and BamH! for 3h at 37°C in a total volume:
of 20 yl. H genes were ilgeted into the Bluescnpt 1t SK- plasmid (Strategene.
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. Califomnia, USA), pre-digested with the same restriction enzymes and treated with

" calf intestine alkaling phosphatase (Boshringer Manriheim) to prevert seif annealing
of the vector by dephosphorylation of the 5' phosphorylated ends. Alternatively, -
-unpurified PCR amplified H genes were cloned directly into the pre- -digested plasmzd o
pMOSBIue T-vector (Amersham). Transtormation into provided compstent cells was

carried out as outlined in the instructions accompanying the cloning kits, LB plates

* were coated with 35 pl of X-G-1 (50 mg/nil) and 20 Wi of IPTG (100 mM) 1 h prior to
use. Recombinants were bluenhite-soreened accordmg to standard procedures and

~ as 'described in the kit manual. White colonies were picked from L& agar plates

- containing ampicillir © ;'g/mi) and tetracychne (15 pgfml). White colonies were
then grown over night (g in 2 ml LB medium and plasmid minipreparations were -
performed using the Wizard Miniprep kit (Promega). Plasmid DNA's were checked
for the preserice of the right insert by double-digestion with BamHi and EcoRi or by
- PCR amplification of the H gene insert, ‘Minipreparations containlng the MV insert
were inoculated into larger voiumes of LB medium and plasmid DNA was isolated
using the QIAGEN Plasmid Maxi kit (Qiagen).Cloned H genes were stored at -70°C

‘and used mainly for sequence analysis on the Al.Fexpress automated sequencer B

-(243)

2, 6 Genetic pre-screemng of measles vurus s{‘ains

The large rumber of MV isolates that requirad genetic analysis, demanded the use

- of a rapid and rellable pre-screening technique, For this purpose, restriction

fragment length polymorphisin (RFLP) and the heteroduplex mobliity assay {HMA)
: WQre evaluatad for use in pre- screening analyses of MV Isolates _ :

2.6 1 Heteroduplex mobility assay

For HMA analysis. equal quantities of 2 different PCR-ampliﬂad DNA fragments frorn

' & referance and a test samiple were mixed together in a 10 i volume, denatured at

95°C for 5 min and reannealed by siow cooling in & 90°C water bath which was left
to cool to room terriperature over a period of 45-80 min, The Schwarz vaccina strain
(leevax, Smith Kline & Baecham, T501) served as a reference for heteroduplax :
formation with the South African strains to be analysed. Heteroduplexes ware
resvived by non-denaturing gel electrophoresis Separation of heteroduplexes was

' performed at 370V for 5.5 t on'a 16 em ge! at constant temperature (40°C)using &
. 1% muta‘iir:-l ds!ecﬁcn enhancement (MDE) gel matrix (FMC Bio Pmducts, -
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o 'Rockland USA} in 0.6x TBE-buffer (60 mM Tns 50 mM boric acid, 1 2 M EDTA). S
- 15% urea and 2% glycerol. MDE gels were stained for a mlmmum of 1 h wlth SYBR-

 Green (Mnlecular Probes Europe BV, Leiden, Netherlands)

© 2.6.2 Restriction Fragment Length Polymorphism

Several restriction enzymes were selected for RFLP analysis of MV carboxyl-

- terminal N genes, which were amplified as described under 2.3.2. A restriction.

" enzyme table and mep was constructed for representatives of the 3 South African
genetic 'groups with the WDNAS!S program (Hitachi, version 2.5). :

- Method'

The carboxyl-terminus of MV N genes was ampliﬂed using primers N& and N8
(Table 2.2). PCR products were rified with the QlAguick PCR Purification kit
- {Qiagén) accor_ding to the manufacturer's inatructions. 510 pl of purified PCR-
praduct was then digested with 1 Wl (10 U) of restriction enzyme, 2 ui of an
appropriate 10x incubation buffer (Promega, Madison, USA} in & total volume of 20 -
Hi for 3 h at 37°C. Fragments were separated ona 2, 5% agarose gel as dascnbed -

- under 2.3.4.

21 Antigenic analysis of measies virus H 'protéiﬁs

The antigenic p'ro'pérliesaf MV ._'l-l proteins wéra anf.-ziysed using two dif_fefeht'
approaches, the raci_iciimmuneprecipitaﬁon assay and a Westem Blot analysis.. -

- j_'ﬂj-f;fi ;.R;ad'ioim:muneprecipi_t.ation.z:assay {RIPA)

Metiod and'?soruﬂdns: o |

.. 'starvatiorl madium‘ mathlunine-frae EMEM

. 10% dialyzed FCS
~ 10% normal EMEM -

NET-BSA: 150 mMNaCl
5 mM EDTA
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50 mM Tris-HCI (pH 7.4)
0.5% Nonidet P40~
1 u’gfml BSA

Protein G Agéros_e Protein G Agarose was washed 3xin NET~BSA prtor to use
~ The final solution was diluled 11in NET-BSA

Sample buffer: - 1M Tr';s-HCI, pHES
- - 0% 8DS -
- -15% Glycerol
10% 2-Mercaptoethanol
0.01% Bromophenol Blue

Radiorabemng of cells with "‘S-metmomne :
Viral stocks were inoculated anto B95a monolayer cells i T25 fiasks as described :
in 2.1 and were incubsted until CPE reached ~ 90%, The mairttenance’ medium -
(EMEM + 2% FCS) was then removed and the cells washed once with methionine-
frae EMEM. Cells were starved of methionine for 1h at 37°C by the addition of 2 m)

" of starvation medium. The addition of 10% normal EMEM to this madium sided in the o

oompletion of proteiri gynthesis and post transcriptional modifications. The medium
was aspirated and 2 ml of fresh starvation medium together with 100 uCi of ®s-
- methionine (ICN; California, USA) was added and the cells wera left o/N at 37°C.

Cells were scrapad off gently and pelleted at 2500 rpm for 5 min. The supernatant
T was carefuily removed w;th a thin pastaur pipette an:i the peliet was washed 1x in.
chilled F‘BS

!mmunopmcrpﬁanon of H protains:
The cell pellet was resuspended in 1 ml of NET-BSA and was kept onice for 20 min,
Cells were pellsted at 13 000 rpm for 5 min and the supematant {= cyloplasmic
 fraction) transferred to a new tube and was either used immediately for precipitationi -
~ of was stored at -20°C. Anti-H monacional antlbcdles (dituted in NET-BSA, to yield .
&1:100 dilutor I the final volume) were added to the lysates and ieft to bind {o the
antigen for 45 rmiry on ice. The a-H monoclonal antibodies, CV2, CV4, CV5, V17,82,
and 366 were kindly provided by Dr. P. Rota (CDC, Atlanta, USA). 30 ul of Protein -
G agarose (Boshringer Mannheim) v was aclded and incubated for 2h on ice. immune
. complexeas were then oantrrfuged at 2500 rpm for 5 min at 4°C and washied 3x in
NET-BSA buffer and 1x in cold PBS. The precipitated antigen/antibody complexes
were resuspended in 50 wl sample buffer and boiled for 5 min, Cell debris was spun
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f down at 13 000 pm for 5 min (4"0);ari_d the supernatant recovered into a fresh tube | .
- and stored at-70°C. Prior to loading onto polyacrylamide gels, samples wers again
- bolled for & min and centrifuged as gbove. . U

. SDS-PAGE:

. Method and solutions:
 iQ%resolvinggel . e . d%stckinggek
26.7 ml : Acrylamide/Bisacrylamide (30:08)  2mi L
- 30mi L 1M Tris-HC!, pH 8.8 1.9 mi (pH 6.8)
08m . 10% SDS | o - 150t '
- 80% glycerol o iml
- 185mi o dHO S e25m
Aaml - 1.8%APS | . 700 i
20 . Temep. - . - . - 2@ ¢
. 40x Laemmdi buffer. - 0.25M Tris-HCI, pH 8.3
.. . . 1MGlycine
0.1% SDS

- 20-30 Wi of sample buffer containing the imimuno-precipitated H proteins were
" loaded on & polyacrylamide gel and ruf &t 50V or for 6-8h-at 150V in 1x Laemmli
butfer, Gels were fixed for 15-30 min in 45% MetOH and 15% acetic acid, soaked
 priefly in H,0 and then dried for 4h at BO°C. The dried gel was exposed to a fmax
Hyperfilm (Amarsham) for 2-3 days. ' L _

272 Westem Blot

 protexrctst
* \lirus dtocke were inoculated onto BY5a monolayers as described above (2.7.1).

" . \When CPE reached ~ 80%, cells were scraped off and pelisted for & min at 2500

~ rpm. The el peliet wes resuspended in 50 i of 2% SDS In 0.1M Tris-HC| (pH 6.8).
", and passed 20x through a syringe (23 gauge) to homogenize the cells, 5 Wi ofthe
protsin extract was diluted In 0.1M NaOH to measure the protein concentration. -

Absorptions were determined at 280 nm onthe Spectronic 1001 Specirophotometer
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(Bausch&Lomb). The amount of cell suspension to yield 15 pg of protein was -
calculated using the +llowing formula: (0.8/E) x 8.= il cell extract per lane. E=
‘axdtinction. - D ' .

SDS-PAGE

Method snd soiuﬁohs _ _
Transfe: buffer (pH 8.3): 25 mM Trig- -
- 192 mM glycine
'0.25% 8DS

- 20% methanol
TBS buffer (pH7.5;, 50 mM Tris o
SR - - 150 mM sodium chioride
TBSTbuffer. . - TBS buffer + 0.1% Tween 20

A 10% resolving gel with a 4% stacking gel was run as described above (2.7.1).
 After elecirophoresis was completed, the gel was equifibrated for 10 min in transfer

. buffer. A PVDF membrane (Boehringer Mannhsim) was soaked in MetOH for a few

' _-saconds and then submerged in transfer buffer for 5-10 min. Proteins were
transferred ontn the PVDF membrane in & irans-Blot Semi-Dry Electrophnrstic

Transfer Cell (Biorad, Callfornla, USA) for 1h at 18 V according to the o
- manufacturer's Instructions. To- visualize protein bands, the mermbrane was

reversib'.’ stalned in Ponceau S solution (Sigma, - % Louis, USA) and destained in
H,O. The protein molecular weight marker (Gibco BRL) lane was cut off with a
scalpel, stained in amido black solution {Sigma) for 2 min and then destainad (in

10% acetic acid and 15% isopropano!) for 1h. Antibody-specific staining of the

- remaining rnembrane was performed using the BM Chromogenic Westem Blotting

‘Kit (Boahringer Mannhe:m} accordi;3 to- accompanying instructions, Briefly, ‘the
membrane was washed twice in TBS and non-specific binding of antibady was _
 blocked for 30 min in 1% blocking solution, ‘The membrane was then incubated with
the pﬂmary monoclonal antibody diluted 1:1000 in blocking solution. Following
incubbation for30 min the rnembranes were washed 4x in TBST buffer and secoridary _
antibody-con;ugate (Antl-mouse Ig/anti-rabbit |gG-AP) added for 30 min at a
concetitration of 800 mU/mt, Membranss were then washed as before. Finally, the
colaur reaction was initiated by the addition of 12 ml of chromogenlc substrate for
every 10x1Q cm mambrana and developed for 10~30 min. :
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28 -F’Acs_aﬁaiysis R

Method and sofutions:

wash buffer - 0.5% BSA
© 0.01% NaN,
in PBS
colfixalive: - 1.5% formaldehyde
. 2%BSA

BY5a or Vero ‘cells were grown in 6~ or 12-well plates and monolayers N

confluent) were infected with different difutions or titres (2.8 of MV stocks. When

CPE reached 50-90%, cells were gently scraped and pellsted for 5 min at 1500 pm..
. After complete removal of the SN, ths cell pellet wes washed with 500 pl of wash
- buffer. Ceils wera then resuspendad in 100 pi of wash buffer. and dwlded into 2

' Eppandorf tubas (50 il each). One aliquot of calis was. incubated with 2.5 pl FITC-

 labelled mouse-anti-human-CD46 antibody, clons 1222 (Daka, Denmark); the

- second one was incubated with a control FITC-conjugated mouse anti-human igG1

. antlbody (Dako Denmark). Antibody-cell suspensions were incubated on ice for 30

- min, pelleted and resuspended in 200 pl of celt flcative. Fluorescence was analysed

" ‘on a FACSort Flow cytometer with a 488 nm argon laser {Bstton Dickinson, o

Cahfomua USA) and the Gellquastm (version 4 0) software,

2 9 Plaque reductuon assay

" To detennine the titre of MV stooks a plaque reduction assay was psrformed This

technique has been used to titmte viruses on various call lines including Verc cells. - .

The method bslow summarises the titration of MV on B95a cells, Timing in this
8 assay proved to be critical since B9Sa cells fended to round up and Iift off the cuiture
fish after the 3" day post infection (p.i.) under the agarose ovarlay The identical -
_ protncol however, worked well for Vero cells.

_ Method and so!ut:om' | :
O\ar.lay medium;- -~ 0.5 volume of -a% 393 Plaque Agarose, autoc[av od (FMC |
o © Rockiand, USA) |

0.5 volumie of 2x Hanks mimmum essentiai madsum it 1«MEM)
. 5% FCS




2. Msterlals and Methods .

_Vero or B95a were seeded into B-well plates at 2.6 x1 /° and 3 x10° cells per ml,
- respectwely, and were incubated at 37°C o/N. Monolayers were washed once with
~ EMEM+ 2% FCS and then mfected in triplicate with 10-fold serial dI[utions of viral
* stocks, Dilutions were made in Leibowtiz medium + 5% FCS. Viruses were adsorbed |
~ for 1h at 37°C in 2 moist chamber. The virus inoculum was then aspirated and 3mi
~ of overlay medium added to each well. Plates were kept at 4°C for 15 min for the -
o agarose to set, then'i werlad and mcubated at 37°C in & moist chamber untl] plagques
" becams visible. Cells were then fixad with 3 m! of 5% formaldehyde in PBS perviell
and left at room femperature for 24 h, Fixative and agarose were removed and cells
 were stained for a minimurm of 3 h with 0.1% crystal vioiet in 50% EtOH, Piates were
" dried at room temperature and p' aques wers enumerated

210 infection inhibition assay

-BO5a cells ware grown in B-well plates until they reached 80-90% confiuence.
Monolayers were then washed with PBS and incubated with or without mAb against
CD48, cions J4/48 (10 gl 200 pl per weli) (Biodesign Intemational, Kennebunk, -
ME) at 4°C for 45-60 min. Viral stocks were added and further procesaed as
- described under 2, 8 : -

| 2.11 Computer seftware

'All polareid photographs or ‘gel images prlnted with the UVP whitef U
transnlumlnator (UVP) wers scanned with the ScanAge il (Pacific Image
* ‘Electronics) scanner and processad using the Adebe Photoshop soﬂware package
' (versien40) .

_ _The Phylip inference package, version 3.5¢ (Felsenstem J., 1985 and 1989) was
‘used for phylogenetsc analysis of sequence data. Large data sets had to be divided -

into smaller sets in order to perform bootstrap analysis. Resuits ebtalned withthe - o

Phylip program were very similar to those obtalned with the ClustaiW program
_ (Thompson etal, 1994) ' :

Sequences wers aizgned using the WDNASIS for WIndows (Hltachs Software
Engeneenng. version 2.5). This program was also used for ganeration of restriction.
enzyme maps and for design of PGR primers.
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CHAPTER31 MOLECULAR EP!DEMIOLOGY OF SOUTH
 AFRICAN MEASLES VIRUS STRAINS -
~ ANALYSIS OF THE NUGLEOCAPSID GENES

. 3'.1.1 lntrbduction

The main objectivss of this study were {i) 1o dotermine the sequence variation
“among South African (SA) MV strains, (ii) to estabiish how many distinct genetic

groups are curently circulating in South Africa, (ili) how SA genetic groups compare
- fo those circulating elsewhers, and (iv) whether a significant genetic drift in SA MV
- Isolates could be seen over a period of 4 years. :

“The majority of published sequences have been obtained from MV strains originating
in Europe and the USA. Depending on the criteria used for allocation of MVs into

- separate genotyres, 7.to & different genotypes have been described to date (Rima,

8.1 ~t al,, 1995b). Several of these sppear to be geographically restricted and still
circulating, wherea ottiars seem to ba extinct (Rima, B. K. etal,, 1995a, Rota, P.A.
at ai., 1984). The cark ~yl-te'minus of the MV N gene has been widely used for -
grietic characterisation and ditferentiation of wt, vaccine-iike and vaccine strains.
~Most sequences published include the COOH-terminal 456 rit or 154 aa, This region
- of the genome has the highest variability and nt divergence of up to 12% has been
reported between the most distant genetic groups (Bellini, W.J. and Rota, P.A,
- 1988), However, although a RNA wrus, MV is re!atively stable and nt vanation for
' this regxon averages around 7-8%. - -

- Molecular suweilla'nc‘e_ of MV strains in outbreak situations has enabled the
~ identification of transniission pattems and importation of viruses into countries, as
- was demonstrated for a virus strain from the United K‘ngdom associated with a
measles outbreak in the USA in 1969/90 (Rota, P.A. &t al,, 1994). However, the real
- geographical distribution and the question of how many Iineages exist in the world
" can only be determined by including more sequences from Asia, Australia, and
Afriea Unﬁl tis study, the only sequences available from the African continent were
derived from [solates rade n Gabon (1683), Cameroon (1984) (Giraudon, P. et al,,
1988; Rota, PA et al 1994) and Gambia (1 994) (Rota, J.8. etal, 1998; Outlaw,
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o M.C. et al 1997), which showed little reletion te any of the previously descnbed

. _stretns

--_The endemic eecurrenee of MV in South Afnca oﬁers an oppertunlty to study 8

greater number of isolates and to monitor the evolution of the virus -under

- . circumstances of relatively low vaccine coverage, a condition which can stili be

_ feund in seme parts of the eountry (Dept of Health South Africa, 1995)

. Stmﬂar studies that have descnbed genettc venatlens of MV sirains are summarised

~ under 1,42 and 1.4.3; This was the first study to investigate the molecular
eplde wiology of MV in a southem African country. Africa still accounts for the

majority of annual me=sles infections worldwide. The knowledge of the genetic. |

properties of the virlis: circulatlng under endemic conditions in Africa can make
valugble contributions towards the goal of eradication of MV in southern Africa and
worldwide. Furthermore, molecular epidemiolagical surveillance plays an important

role in assessing the succass of national or local immimization programs, Since

‘South Africa is moving forward toward better control and final elimination of the virus

from within it’s borders, the knowledge of indlgenous genetic groUps will eneble us _

o identify the presence of imperted viruses

: 34.2 AnalySis of N gene sequences of measles virus st_.ﬁrains -
N (A_). Analysls of recerit measte's virus isolates
To estabhsh the mo!ecular epldemiolegy of MV in SA, carbexyi-termmi of the N

genes of 42 MV's have been sequenced and phylogenietically analysed Thirty-three
of the 42 strains were isolated in tissue culture {2.1.1). The remaining 9 sequences

‘were obtainad by directiy analysing clinical samples such as sera and CSF's, the

'reeutts of which ars presented in 3.1.2 (B)

MV spec'amens (u'rine or throat swab) were isolated on B95a cells as described in -
2.1.1, total RNA was extracted (2.2.1) and cerboxyl—-termtnl of the N genas were
ampiified (2.3, 2) using primers N& and N8 (Table 2.2.1), Fig. 3.1 shows the PCR -
-~ amplification preducts of selected MV strains. The amplification of the carboxyl- -

tefininus of the N gene resulted in & 589 bp fragment. The figure also shows PCR
products et‘ the full H gene (1 874 bp) which wm be dtscussed further in ch'apter 3. 2,

ol bt
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Fig. 3.4 _ PGR ampfification products of the carboxyl-terinus of the N gene and the full H
- : gane for a selection of South Afrlcan MV strains.

- {B) Reglonal 6rig.ins of MV s’trains analysed for this study

- Fig. 8.2 sﬁcws a map of South Africa with thé'Q official provinces. Provinces fiom
which specimens were obtained for this study are highlighted. Despite substantial
effort to include collection of specimens from all 9 provinces, to date only 4

provinces have participated in the molecular epidemiological measles surveiflance
- .program. The majority of specimens were collected in Gauteng, the province in
which Johannesburg is located. The number of specimens analysed from regions

other than Gauteng totalled 15, Efforts will contifiue to include sampling of MV

specimens from more provinces and from neighbouring - countries. General
information on all specimens analysed was summerised in Table 2.1.

e —
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' .'F_tg'.' 32  Map of South Africa showing the ragional origin of specimens analysed for this
. shudy. Provinces from which specimens where obtained for thls stixdy are highlighted -
 nd the number of strains analysed for each province Is indlcated in bracksts.
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© 343 Ana!yms of stored sera and cerebrospmal ﬂuzds for molec.ular
epldemlologicai studles : :

- The analysis of stored sera for retrospective molecular epidemiological studies
~ provided a poweriu} ool to investigate strain variation in measles viruses that had
circulated in South Africa up to 20 years ago. For this: purpose, a rapid and sm'lple
‘method for extraction of RNA from stored sera and cerebrospinal fluids (CSF) was
 developed (2.2.2 and 2.3.3) (Kreis, §. and Schoub, B.D. et al., 1998).

' _When used on sera and CSF's that had been frozen for as long as 20 years, this
~ method proved to be more efficient t+an established techniques. The extracted RNA
was reverse transcribed into cDNA by using hexamer random primers, The PCR.
amplification of the carboxyl—tennmus of the nucleocapsid gene (N) was deed into
two overlappinig fragments of 375 and 384 bp length, covering the entire region of
interast, Fig. 3.3 shows amplification products for a selection of analysed sera and -
CSk’s, Information on clinical samples is provided in Table 8.1. 3

SSPE/STPE
SSPECOTPE

re
255
588

B AI5NE

- INERT

N NS/N18

Fig. 33 PCR ampltﬂcahon products fromi selected sera and CSF's.

' . The 375 bp fragment resulting from amplification with primers N6 ahd N17 is shown
for 4 specimens collested in 1976, All 3 primer palrs (NS/NS; NS/N17; N8/N18) “at
ware altsmatively used o amplify the carboxyi-terminus of the N gene are siiow.. for

@ serum (SSPES/S7PE) and a CSF sample (SSPEGJQ?PE) from the same SSPE
patient
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. Fourteen sera and 3 CSF’s co!lected in 1978 durmg chnlcaily coni rmed measles
- outbreaks in South Afriza were selected for extraction of RNA and subsequent
-ampiification of the carboxyivtermmus of the measles VITUS N gene. Of the 17
~ specimens analysed 4 (3 sera and 1 LSF) (24%) resuited in PGR products that weare -
'- -sultable for direct saquencing analysis (Table 3. 1) ' :

Table 3.4 Clinical samples used in this study

name - source  IgMstalus origin. 0 - group
SA168/78  serum % - Soweto, SA' P
~ 'SA280/78. CSF . ? Sowety, SA M
- SA289I78  serum ?. 2, SA. | N
. SA3BUTE  serum . ? SA o m
C-pbni7 . serum .+ : _Durban, SA |
Wdk28/07 CSF "+ Windhoek, Namibia W
- Wk 91/97.. serum +. - Windhoek, Namibia 1l
- SSPE/STPE? CSF 1gG+  PortEiizabeth, BA - M
Jhb1/80 . serum <+ .

Johannesburg, SA i

1 A South Africa; 2 analysis of a s_emiﬁ sample taken ﬁ'dm the same patient (8SPE/97PE) réveélsd_
. Identical sequences compared io the CSF specimen, * indicates the A genetic gmup to which

= " spe oimens be{onged determined by sequence and!or HMA analyais

Out of a total of 8 gpecimens col!ected in 1997 in Wmdhoek, Durban and Port
'Ellzabeth MV-specific DNA soldd ba amplified from 6 (75%). These lpecimens were
_ mcluded in the study for moletular epidemiological analysis of MV strains collected

" in regions other than Johannesburg. As clinical samples suitable for virus isolation

were not available from theése locations it appeared useful to obtaln sequence data
from RNA extracted from sera or CSF' '
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Where suffi cient quantrties of serum (4/1 4) were avallable the RNA extraction _
method describad 2.2.1.(Chomezynski, P. and Saccht, N., 1987) as well as the RT-
PCR conditions describsd uhder 2.3, 2 were performed in parallst with the method

described above, Neither of these standard approaches yielded PCR producis '_ .
suitable for sequencing analysis (data not shown). The method for RNA extraction

- and RT-PCR of the carboxyl-termmal 450 bp of the N'gene described here proved
to be rapid, relatively simple, and yielded PCR products that could be used drrectly
~ for sequencmg analysns

* 3.1.4 Phylogenetic analysis of measles virus N gene sequences
(A) Nomenclature of;ge'natic groups

So far, no general consensus has been reached as to how to describe and
~ designate MV genetic groups; lineages; genotypes and subgroups. Several studies
- have used different systems of designating individual MV strains and the genetic
- groups they belong to, We have previously described MV g'_eneti'c'groups in South
~ Africa (Kreis, S. et al., 1997) and have used the letter code to describe MV
genotypes or groups and subgroups. To acknowledge previously used nomenclature
- systemns, both the letter and the number code will be applied here, sither of which
‘will be given in brackats. All MV strains analysed for this study show the year of their
1salat|on behind the dash. The abbrewatlons of the names also indicate regional -
' 'orlgln i:e. Jhb1 2!95 would be a spemmen that was taken in Jahannesburg in 1995,

B} -'Phy!_ogenetic énalysis- of South African measles virus strains

“Sequerice information was obtained in most cases by manual sequence analysis
(2.4.2) using sequencing primers N5, N&, N7, N8, N16, and N17 (Table 2.4.1).
~ Alternatively, full N genes have been cloned for somn strains (2.5) and were
subsequently sequ nced on' the ALrexpress autctmated sequencer (243)
Sequences were anatysed phlyogenetically with the maximum likelihood program

- . (DNAML) of the Phylip package. Files that contained more than 40 sequences could

not be bnotstrapped as a whole since the tamporary files created by such analysis
excesded the capacity of the computers available. Files were therefore divided into
smaller data sets of max, 40 species containing only few representatives of each-
- genetic group and. bootstrapped using the SEQBOOT program (Phylip). The
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: boctstrap intervals obtained for the main nodes ranged between ~80—1 00% (data not
- .shown) and it was therefore assumed that the confidence interval of the genetic
: .groups was satlsfactory Furthennore, each dafa set was run using different
. programs, such as Neighbor. Joining, Kitsch, DNAPARS (parswnony) of the Phyhp
' package or using the different phlyogeny program ClustalW. All trees generated

showed identical groupings with only ¢ ainor modifications on the inner nodss (data.

not shown). Fig.3.4 shows the phylogenetic analysns for South African MV siraihs.
sequanced so far. Three distinct genetic groups were gvident, preliminarily
~ designated |, l, and L. The comparison of these SA groups fo previously described
~ - lineages is described below (3.1.5). South African viruses of group | and i formed
' part of previously published genetic groups wh: Jreas group ] appaared to fomr a

o dlstmct and new group

Group | viruses:
Thie 4 isolates Jhb2/88, Jhb2f89 Jhbaafss and Jhb25/66 proved o be closely

' related to vaccine strains such as the Edm wi strain and Schwarz (group 1). Although

. detafled patients’ histories and information about possible contact to vaccinees was
_ ‘not available, these strains refiect cases of a measies infection caused by a vacclne-
like virus, The 2 recent isolates in this group (Jhb38/85, and Jhb25/96) were made
-from patients that have been hospltallsed because of severs sympioms related to
" measles, The Jhb38/85 specimen was obtained from a 5§ year old male and
- Jhb25/96 was obtained from & 10 month old female; immunisation histories were
. unicnown for both patients. The nt and aa alignments for the 4 strains {Fig. 3.5 and
3.6) illustrate that, except for Jhb25/06, sequences were identical to the Schwarz
vaccine strain. Jhb25/96 carried 2 distinct non-coding nt substitutions. The question
as to whather these strains reflect re-isolated vaccine viruses or wt vaccine-ike
~ viruses will be discussed further below. The 4 isolates of this group were very
homogenous wit_h 2 maximum nt divergence of only 0.4%.

. Graup i wruses
A secand group of South African wt MVs included 6 sirains, 3 of whtch were 1solated
on Vero cslls between 1986 and 1989 in Johannesburg. These stored viruses were
adapted to B95a cell culture for this study. The 2 isolates from Natal and
Johannesburg (NC1/95 and Jhba/87, respectively) were the only recent strains that

grouped with Iineege Il strains. Another virus, the sequence of which was obtained

froma stored serum sample (SA168/78) (3 1.3) also proved to beé related to this
group. ‘l‘his indicates that group I wi viruses have been circu!ating in the country .
. since 1978. Although not isolated frequently, these strains seem to represanl a
stable genetnc group in 8A that is either present |n ‘only smatl numbers, or it could _
“be circuiatmg in hugher numbers in other provmces of South Africa -or in
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S nelghbounng oountnes that have not been inclucied in the molecular eptdem[ologlcai _

R surveitiance program yet. The nt variations of group Il strains isolatéd between 1986

_" and 1995 approached 1,1% which reflects the high degres of relatedness of these

R wmses However, nt varlaﬂon between Jnb1/86 and Jhb4197 was consrderablyf '
. _-___j_hlgher (2. 5%). '
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The highest nt dwergence of 2 7% was detected when oornpanng Jhb4/37 and
Sat168/78. Venallon rates of SA168/57 compared to the other 4 isolates of this group
veached a maximum of 1.6%

. Group i wmses o
The majonty of wt MV's grouped Inlinsage Ill. This group seems to be the dominant

~ genetic group in South Africa. Viruses of this lineage have been circulating inthe |

 country for at least 20 years, lltustrated by the fact that the sequence of 3 serum
- samples from 1978 glso formed part of group Ill. The comparison of South Avicon
~ N -gene sequences with MV strains isolated elsswhers revealed that a Canadien _
vi.us isole™ 4 in 1989 in Montreal was closely related to the 8A group Il {Fig. 3.7). -
The venatlen oh nt level for group Il strains ranged between 0.1- 2.0%. & wever,
~ when analysing the phylegenettc tree in Fig. 3.4, Wdk28/97 sppearstobe  most
distinct virus within this group. This was confirmed by calculation of nt differs . Jes,
‘which show values of 1. 6— 2, 9% betweer de28;‘97 and other rnembers of this
lineage.

- T3/96 and TE/96 represent seguences obtained from urine sa'rhple_s that were taken -

- from & 26 year old male in Johannesburg (T3), who was acutely infected with

meaeles and from his asymptomatic mother (T5). The mother had a history of nuiral

o measles in her childhood, MV was isolated frem T5in B95a tissue culture aftar 3

passages. The fact that virus was isolated from an asymptomatic person has, to our -
knowledge, riot been reported before, Sequences from both the son and the mether
proved to be identical, indicating that the virus isolated from the asymptomatic
* mother was indeed the virus that caused mfecﬂon in the son, Further studtes on
- these 2 samples are in progress

- {C) Nucleotlda and amino acid alngnmenls of SOuth African measles virus -
) strams ' -

The allgnment of the carboxy!-tenmnal 450 nt for some of the South Afr=can stralns .
is illusirated in Fig.3.5. For. peasons_ of simplicity, only & selection of SA MV strains .
is described, representing the 3 different genetic groups. currently cfrculating in
South Africa. The strains not shown in this figure carry very similar nt changes and
- have, apart from few scattered mutatlons, |denticai charactenstlc mutations tothe

, ones. presented here. : : :

The 4 isolates in group { shared ene nt substitution at pesmen 313 (T -A). whlch
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: resulted ln an aa substitution at pos:t:on 105 (S-T), ldentlcal to the change: seen in

- othe Schwarz vécoine strain (Fig. 3.5). To firmly establish that thie nt substitution is

. JHB2-86.5EQ

. JHB3g-9G.8EQ -

' also presert in the Schwaiz vaccine strain that is used in South Africa, the sequence -
was determined again using virus from recent vaccine vials. The resulis indicated _
. that the current Schwarz vaceine strain exhibited this same substitution, as was

~ previously described (Rotg, J.8. et al,, 1994). The ssquences of ihe carboxyl-

. terminat 450-nt are identical for the 3 strains Jnb2/88, Jnb2/89, Jnb38/95 and the
~ Schwarz straln However, analysis of the full H gene indicated that sequences of
~ these SA isolates and the Schwarz vaceine strain are not completeiy identical, as

- will be discussed in chapter 3.2, Apart from the aa substituiion describad above

. Jhb25/96 carried 2 more silent nt changes, that made tiis strain clearly different
" from Schwarz This could be seen as an indicator that Jhb25/06 represents a
vacc:ne—hke strain rathar than a ra«isolated vacctne straln

Group It wt strains carrled aaveral charactenstic nt and a2 changes (bnld letters,
Figs. 3.5 and 3.6}. The _mutations_ at positions 19 (G-A), 253 (G-A), and 321 (C-A)
were distinctive for this group. However, the substitution at position 321 was not
. present in SA168/78. The second G-A substitution (nt 253) resulted in ari aa

' erfaoemerft from alanine to threanine (A~T). This change was characteristic to only
- this smiall group of viruses and was not found in any othes genetic group described
o date. A double mutation or inversion at position 168, 169 (GA-AG) could be
detectad ir both SA wt groups (il and IIl) and this appeared to mark a common
mutation in almost all 'genotypfa D and | strains (group.s'z,_s,tl, and 7). :

- Tha vasi majorlty of recent MVs lsolates from South Africa group within a distinct .
group (lll, Fig.3.4). Thess isolates displayed more variation at nt and aa levels
relative to the Schwarz vaccine strain than did group I virus sirains, carrying on
average 22 group—specrfc nt, 20 of which were non-synonymous and 11 Whlch .
resuited in the replaoement of 1 aa _

Fig. 3.5
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Fig. 3.5, continued

THB3-54 . 5EQ

B .o"Dl'ot.l.v; .bln»-.lnc!;lo.tootolt_.-i [ . 5C
JHB12-95.SEQ "% bawramsans viraavenes vaeensinan srvareavos #Tivsarinn 50
THI2=06, 880 . e S R S T &0
JHEBR~96. BEG A ivirineds atdrenesne. vansaneres snpnsrorns Mavsrenns 1]
NATAYLL . SEQ "L iaeraavesn seteasesnd Seavmarrises adavssuran Dessrreses . &O
- NATALID.BEQ o uiniesiens avrsestras saumsmrnsi nevarionas sParevines 80
BN 5T, SEQ T T TETT TR, JUORpY 50
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_ S .80 0 80 g . 00
BCH.BBQ 51 AAGGCTTOTT TCRGAGATTS CARTGCATAC TACTGAGGAC ARGATCRGTA ~ 140
IHBZ-08.550 BL sovussscss armtsasisn sesagrisad diadazaens Srwanseier 190
JHBZ2-62.8E0 TUBL eareesrve sexaaasier minairenan sikasrrana © 100
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WRKZ28-89,8RQ : CB) eweviiranse sndieranag swdieasann Shumsaivra debEriaene tag .
PDKBI=97,88Q . Bl wevsneesns sinslrcnes wanssnresns bisinnanss obhaese s . 100
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" Fig. 3.5, continued

o LT e .. s . - IT0. - 1R0 196 . 200 -
SCH.SEQG © 18} AGTAAGRATG AGCTACCGAS RETGRGEEGC ARGGRABATA GGAGEAT B
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JHBZ“BB{SEQ 201 sacpvinann a------.;- -v--fa;-b- PR -I;-lvﬂ;th . j3-10]

JHB25-98.5EQ BOL deensteras arannnattn vrasvhames tabtfmates teaieietas " 250

JHRA8-95,SED TUBDL saanmaeaus sewesieass waktarvesr vrredbvers seeareesre 250

FHEL~BE.BEE 0L ui.iiiesies areseceses sonvesnary srresivens vaoTeienes o 250

anha-as,siﬁ . ’ Eolu;.-......ﬂ i mhekmks spensbanss [P b;-i---bin . . 280

. JHB4=57.8EQ R e S 1
BRL&8~70.89EQ ©BOL saivirnrn@ sanesaiane sestareaen exvrasunas 2o Taieas 0 250

COHBS-S4HBEA 0 201 ey eiaerenB iadennenih narensvessiannesas@ey vesTeranes o - 250,
THBLZ-95 . SEQ . S O T - . N 250

dRB2=56.8E0 . 208 sriusnesa® civeiavnre suneemcavey sransesBap seaTeaiees 0 250

- JHBA3-06.5EG L S T - N T 250
NATALL.SEG B ST - S P ] - NP, NP 250

NATALLG.SEQ ZOL ncrarerns® suvvnrvine sersornens wiannns@ie cuaTasesss . 250

- DENL-9T.8EQ 25 N - B - Y T 1
© BEPEB-ST.8EQ = 201 sivaveis.B .
WOK2B-97 ,SE0 CBDL veeneresnl sivarnnnes pusicserra sareaezare saeTilone, 250

WOKSE~87,BEQ . 2D ciswveeaeB urrarvianen wirvsiasses survania@es oraTugoi, o 2500
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SHBZ-89SEQ B5L yyiiimute vkeasibrss mersesstas smriereeve vesdasinoss - 300
| THBEE-08.8EQ 0 25l aiesicesas wrseredase msecssdese smererirss vpsasarcan 308
THBBEwO5.BE0 251 seesserses sivessrsar bwessssrns cnrsrassen sersinases 300
JHEEL-86. 8EQ PEL CuBcoarrs aornermprs surensnsns snbreBiees ceserniens 300
COEBEGE.EEG | A51 woRe eefs snsersasss sessvsveer secsaBuaul Taeanayheys 00 300
DHPA-SF.BBA 251 L.ACLC aavesieees asnaBinens feeerARiy siararaces . 300
aniso-TR.ERQ . R W T LI 300
JHEI~94.BEQY 251 suwa-siunn susiabtass easeauaras terasPanas saearasacs 3q°
JHBLZ-95,8EQ - 28E sarassases masenveser gersiens avesBiies senasraesd 300
JHRZ-96.8E0 . EBL tivitesvus swarsvenas esmenanss  eanaiBosan tosgieaee, 300
JHBI3-56. 920 2BL cvmreeBaie saicviiase sameanavas veavePeons GoeniCeans ELCE
NATALY.SEQ 251 visvserens sibernaane vo ssssrer wvessBacss veasiaaves 300 -
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| Fig. 3.5, continued -

NATRLLO.9EQ - | 2B ceeevun.. L D
DBN1-87.8EQ - .3 O vieveBuses dsranasers - 308 -
S8PES~$7.880 BEL ecivnnrrr mrenapevas danvaae@ain toraiBeas® Gurrnrrnis - 300 @ -
WOK2E-97.8B0 281 wouciiviat wiiancases sasesenans SacerBeass wrvesesaas . 3OD
WDK91-97.8EG R T T T T P S P S ' IR
BABEL~TH.BEQ . 2B curianrars vesraveans sevesnenas arsssBunes besarsnesn ©300.

IR .. 3w . arg Cas0 - 3amc 380 oo o
SCH.SEQ 301 ATTGACACTE CAMCGGRETC GAECCARGAT CCGCAGHACH GTCEAARGIC - 350

JHBZ-88,8EQ 301 SRbesce.ey sHNsemmar4 e eTsusds Bieresiars vavavenize 350

CJHB2-S9.SEQ - 30 veireivns suseesnnas sevdverene veesranses nenressaes aso

JHB2S~96.SEQ - 1 354
. JHB38-55, SEQ BUL sevvawaves ashrranven snvareanan srvaceanni sedrnirvon 350
CUEMA-SH.EBE0 . 301 J.eciiseen o oTeeneins Beiinnns - |1 T
TEBL=GBLERA° 0 0L ...ieeeene auBainiass Busasienes sersmrnens svaenensss’ - B8G
SHR4-97 . 5BQ - . S T T - |7
AR1GEB-TEH.BEQ - 301 ciuiiiaed i Bieaiins covicimies sveseteads aceeayanns 350 -
T T T L S < - 7. S
THBLE-BS.SEQ - ADL ieaeieneas oaTuBuiaiis sBaaiimans sncisnnner searsnssan 350
THBZ~BE.8EQ 301 cuiereanes saBoBerass B8iiieivar cnsninans ¢ e ieeseen 350"
| JHB33-96.8EQ 0L einveronar sxTuBavvns BBunvavion sonnsarnen satranieas 550
NATALL.SEQ. B = o N < A D 350
NATALLO.BEQ B0 wuvvevrarn +aBeBarves BBrureuins sevrnurosr nisvraanrn 350
DBNL-Y97.8EQ 1 R R -
'SSPES-97,5E0. 301 ... ceTrasnnss PBunasncry veasasanss sarvrsress 350
WDK28-37. 5E¢ 3oL . CiTieiied eeaas I T T T TS -350 .
WHKS1-97. SBQ BOL wovvseonnns soTuvanvny susnavantn sassannens subrpassns . 350
BAS61-78.8EQ L R T N 350

T o 350 . 3t 380 330 400

ECH.SBG . 381 AGCTGACGCC CTECTTAGGC TGRCAMGCCAT GGCAGGRATC TUBGARGRAC 400
JHRZ=-B8.5EQ : 1 T e eaahes .ooa‘t-_-o‘b ._ 400
JHBR-89,8BQ BBl ieiviianse mensemiven rmasucerve remsearass suiseereny - 400
JHB2E-96, SEQ BBL suiessarrs vivevarsns cuvaerafue suieraesneT ciivaanens 100
THBAB-FE.BEE - B5L csanuvrmss snvsrmsrsi svascapars sovnarsoan sanane- sas fo0 -
UFSL-B6.HB8 00 BEL seiiasivacs ssaer@orrn sasens Mnms dvbmbeerne dpereinein " ADO
JERL-E8, 500 35% o.itba---vo R . "uu

JHR4~97.58Q ) - . N 400

SRIBB-T8.BEH - OBl Liliiisiie sesse@ieen srcencaBue vecesnanss eracnseens - 400

JHBS«§4.SEQ 13 R T - I M 400

JHEL2-98,OEQ 351 cneaaeveus avbesBuraT wviaBoienn wierrnrnes sPoiavane,, - 400

JHEZ-96. BEQ . O - P O 114

JHB32-96,5EQ -1 TR SR SN R . io8

. MATALL.SEQ - 15 Y+ S O 400

NATALLD.BEQ . S BBL aangmeans veene@ias® caaiBurins sieavarers sTevenians .. 400

DBNL-B7.8EQ = 351 suvercrnss srens@ean® leuBasian ssaeaeeens STl OO0

SEers-97.LEQ BEL suhvancane senre@isen anearavats R TP 400
WOKZE-87, SEQ 5L viawseneer annriCraaT crraBuiasaBenranerear oTasasiias - 400
WOKEL-BT.SEQ . 5L wuvrvsrves srers@ronn smnnverisn sasenscnrs «Poapavass - 400
-§A361-78. 5EQ BBL varssainas eerneBend® avaBranes seea i Ferad wTaguana.. 40D

: . e 420 o480 e Y LA '
| JHEZ-$B.HBEQ UL verniacnes mabesseiun vmisiraess vesvisreas srriraives 450
JHp2~BY9,SEQ - Q0L soecencaon snivanvnse smasveartes cesrmwnaan eerebuskn ‘-50
. JHBZE-BE.SSQ ‘ni'bu;--o.munv sabsautman -»I---tlil.o ThvirmATAY wawRanviv 450
JH538-55.SEQ ) 401 R ) mieireren Yeadpmmsard wbdeddpuar ) 450
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- Fig. 3.5, continued

OHEBL-BE.SEQ 01 ouirirennn teannrnane PN - SO Nrmbesees Gravacens - 456

| JHBL-BB.BEQ | Q0 ..... Wik beiedrsene en - S R - PR - asg’
JER4-87.8BQ 401 .veiiinie woBeans, O - _ 450
£p166-78.5EQ L R R S ) B 3-)
"7533#94:53'& ; L1+ PRI arwanradbTh cueeBGanss siberannnes -.G‘-o.lv_.---e. 450
‘JHR12-85.8BY - ' . Nt T O3B0
- JHB2-96.8ER . B, 450
INB33-80.8EG - Ges 450
MATALL.SEQ _ 450
NATALLO . SEQ _ 450
" DRWI~B7.S8Q B.. 456 -
5SPES-97.8EQ - 450
WOK2B~97. 880 : _ B T 480
WIKIL~87.BEQ 401 sumenesnns nevsvionio nassBBunur nnvnatoney o Bureranes 452
Sp261-78.8EQ 0L sucvernans spepmranle ore BBaasn - Tovavunsn B - P "
Fig.3.5 Nucleatlda aHgnment of seled,ed measles virus strains representing 3 distinct

~ viral groups. Nucleotides were aligned using the Wehnasls program, version 2.5
(Hitachi); a dot indicatos same residue. SSPES-07= SSPEs/FESY. Nucleotids -
(nf) 1 of this alignment corrasponds to nt 4152 of the full N gene, .

The nt substitutions at pusitioﬁs 136 (C-A), 237 (A_—eG), and 418 {C-T) resuited :
~ in distinct aa changes (L-1, T-A, and T-l, respectively) that were only seen in
' group Ifl. The Canadian isolate Can (1888} is the only strain descnbed go far

 that shares the mutations at position 136 and 419 wiui SA group [li, as was -

. described prevlnusly (Kreis, 8. et al., 1997). As indicated in Fig. 3.6, sa
s raplacements at positions 67 (R-G), 81 (P-8), and 96 (G-S) were common to
both South African wt groups (Il and fit) and other genotype D viruses from
; America and Europa {genetic groups 2, 3, and 4). Two substitutions at positions
108 {S~@G) and 131 (S-L.) were seen in SA group I and subgroups D2 (2) and
N4 {3), which represent mainly Amerlcan strains isolatad between 1989 and
1994 (Fig. 3.8). SSPEs/PES7 and de28!97 carrled some unigue aa changes
-that were not shared by any other viruses described in Fig.3.5 and 3.8, -
" indicating that these 2 viruses were distinct from tha comimon SA groups.
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' Fig. 3.6
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: Fig. 3.6',' continued

_ nam.-s‘: mir 0L euruvivies wosravnsin aivessrrin Dovecensal oReawioBun s
BSPEE-97T.ABMI  10L ....... Bor cvmmemnene = (TP  Dangrweras s RowessBl. 288
WOK28-37.AME 10l tussrsnrvs suumancnne svesds N OO PR A 150
WOK9L~97:AMT - 0L vrvavennes veens SOV meserurys Dvavinasnn o Rensen D, i5g¢
SAIGL=TE.AMI LD iiivneaBan aeiveerers aees RETEA J3 PHPPOPRN. J O S £
Fig. 3.6 A!ignment nf predicted amino acids for a selection of South Afncan strains

' relative to the Schwarz vaccine strain. Aa were aligned using the Wdnasls
softwar~ package, version 2.5. SSPES-97= SSPES)'PEQT Aa 1 correspondsto .

'_ residua 375 of the full N gene.

The  squences that wers obtained from Namibian serum samples (Wdk28/97
- ana ..Jk91/97) strains, as well as the SSPE CSF sample {SSPEC/PES7) did
~ not display the mutation at position 46 (L-1), which was: characteristic for SA
group Il streins. Although quite different from group ill viruses, upcn
phylogenetic analysis Wdk28/97 appears to be still part of this lineage (Figs.
8.4 and 3.7), The sequence that was derived from a § year old SSPE patient in

" Port Elizabeth. (Eastern Cape province) carried 2 distinct aa changes (L-P,
position 3 and T-8, position 97) that have not bean detected in other MV

~ sirains from southern Africa. These changes were also detected in group 2
 strains (D2), which represent strains from the USA (Fig. 3.8). It is not known
whether the SSPE patient had travelied to other countries, but this strain

" clearly represents the American fineage of viruses that caused the re-

~ amergence of MV from 1989 to 1991 in the USA. Viruses belonging to this
group have aiso besn isolated in Japan, the Phllllppines, and Micronesia
(Bellml,WJ and Rota, P.A., 1998)

o In summary, '3 distinct genetlc groups ha\re been found to exist in SA when'-

- analysing the carboxyi-terminus of the N yene, Four ‘sfrains had vacclne or

vaccie-ike sequiences and thersfore formed part of genetic. group 1 {A), Six -
strains, the earliest of which was a virus from 1878, grouped within group D .

 (groups 2,3, and 4) and appeared to form an individua'l subgroup. The majority
‘of analysed specimens proved to be part of a distinct genatic group [ (7). The

earllest strains in this group were ctrculatlng in South Africa in 1978 and this -

group continues to predominate in the country at present. Another straln that

was vary similar to group t or 7 viruses was 1soiated in Muntreat Canada in -
. 1989 _
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.1.5 Phylagenetic analysls of South African measles \nrus_
strams compared to previously described strains |

- Fig 37 shows the Phyiﬂgenetic analys:s of & selaction of SA stralns and

- strains describad previously representing all genetic groups known lo date.
. This tree also includes viruses that are assumed to be extinct (groupe C1, E, F, - '

- and @) since they have not been re-isolated for more than 10 years. However, _
for reasons of completeness they were included in this dendrogram A ligt of -~
_ MV straing shown in this tree, thelr origin, year of isolation and a bnef
dascnptlon is given in Appendax B.. -

"I‘he genetlc group 1. (A) represents a variety of vaccine and vaccine-like
' sequenoes mcludlng the4 SA strains described abQVa '

- o Grogp B (6) -reprasents a few African strains from Gabon, Camerorj_n, Gambia,
- and Kenya, No significant relatedness between these strains and the southern.

African isolates was evident, Group C2 (5) contains sequences of MV from
numeraus European countries such as Germany,. Spain, and the U. K. and
appears to form a comimon genatic group in Europe. Group D2 (2) contains US
. American isolates and the SSPE case from SA. This genetic group was
responsible for the resurgence of measles in the USA between 1989 and 1991.
- There has been no indigencus transmission of this particular lineage in the
" USA since 1993 and this ‘has been shown by confinued moleculer
'epzdermoioglcal studies (Beliini, W.J. and Rota, P.A,, 1298), Group 3 (D4), in

some studies, is divided into 2 subgroups, 3A and 3B. Only group 8A

representing - isolates from the USA and the Namibian strain Wdk91/97 is
presented here. At present, no further molecular epidemiological information is .
available conceming Namibian MV genetic groups; therefore it cannot be
~ speculated on as to whether this may be & commori lineage in this country. '

‘Most of the recently isolated MVs from northern America, Europe and the.
straine from South Africa described here grouped within genotypes D and 1
{oroups 2,34, and 7), These. viruses shere 3 characteristic amlna acid -
substitutions (positions 431, 456 and 470), which may indicate a common
'evolutionary relationship for the 2 genetic groups. it appears that D and | )
rapresent the dormnant geriotypes currently clrculatmg in many parts of the

worIcL : _
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Flg.3.7  Phylogenstic analysis of South African measles virus stralns compared to
R -straing described previously. The dendrogram /5 unrooted and wds generated
- with the DNAML program. Group designations are indicated behind the
_ brackets, Dotted brackets and falic numbers represent suggested group
designations as discussed below. - B
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3‘1Ahalysis_ongsnes ' ' )

- "The viruses belonging to group (2,3, and 4) were divided into 5 subgroups -
. "{Fig. 3.7). However, all subgroup D and the group | (7) viruses from $A and
_ -Canada could alsc be inferpreted to form 1 genotype since they alt branch off.
L from the same central node and this “genotype” could then logically be divided .
~ino 4 subgrotips, each of which branches off from one of the 4 inner nodes.

Suggested alternative designations are-shown in italics with brackets in dotted

.- - lines (Fig. 3:7). To describe group D) (2,3, and 4) and group | (7) togetheras 1 - |
. lineage or’ “geniotype"” would aliso be supported by distance analysis of niand
.. @a divergence (Table 3. 2) which further shows that these groups appear tobe

'related to each cther. .

| (‘A) | Anaiysie.ofceﬁeensue eequericea

- Censensus sequences for wral groups that are’ currently circulatmg were
B __generated with the WDNAsis program, the GCG program and partly by

- -manually determmmg shared nt and aa changes within genetlc groups. Fig, 3. 8
~ shows an slignment of the predictad aa for current lineages. Groups that have

‘not been re-isoiated for more than 10 years were not included in this analysis. .

) o S - 10 20 ' a0 40 50 )
CoH-E -.1mm&mszmmmmm . BO
CON-B1 1 exsusenavn = B T T ve Raguvanas ¢ Cerrusanas . ko
CON-BE2 S RPN sev rabesesaea Ceevianenes Recesnaier sriniann . L]
UOON-G2 B S + wisvesnens Rusves srae Suavessese &0
CON=-D2 ’ . . L tsnsannwes shswnsnn R, seant Bissvasnes eervhenna 50 .
CoN-D3 1 ocewens aia wraaean waneraeas tees Resonnrens criiasinen - EO
CoN-D4 L oiedvewven 4 mmeieas fan emnerer ver Bilcsaninr svsmbanean -1
COR-DS. o . T sevcnbares vrtammitar EraETERLLn a‘...;--;-‘: --------- . 50
. CoN-E | R ibes mrvaseaans ivmsaress Ravseiaes 4 oemniameana 50
oot T A vasiesidae smsnnnsens snanvarats ReaiWiiees cenreian v BO
CEEMRT - T . L seveasvees sermeasien aseass vens Ruvsnaansd : 50
o L 10 ' B0 90 . 100
.. CoN-h 100
" CON-B1 100
GoN-BZ 100
coN-a2 - 100
100
CoN-D3 100
© GOH~D4 100
CON-DE - . 100
CON-F - - 100
CaN-H 140
;100




. CON-BZ .

© CON=-F

3.1 Analyals of N geres o ) 70

* Fig 38, continued

B 110 128 T130 130 - 1B@
. COR-N . i0t - Imﬂn m LIRLGNMAST mm PIVYNDRNLL. - = 150
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CON=C2
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Fig. 3.8 - Alignment of predicted amino acids for conisensus sequenees represenung "
: viral groups or subgroups. A= group 1; B1 and B2= group.&; C2= group 5; D2=
“group 2; D3= group-4; D4= group 3; D5 {SA strains, bold) = group ?; F= 2, H=

- arew 8; 1{SA sirains-i- Gan89 hoid) = group 7; con= consensus sequenc.e

Al ‘wt groups that have besn described to date share 3 aa substitutions at
) pbsitioﬂsﬁ’-‘i (K~R), 142 (I-R), _élnd 148 (N-D) as is shown in Fig. 3.8. The
subgroups within genotype D (D2-D5, or groups 2,3, and 4), as well as the
predo'minant genetic group in SA (I or 7) have, apart from the changes
mentioned above, 3 additional aa substitutions in common (sa 57, 82, and 86).
which proved that these genetic groups, although circulating in continents and

" countries far apart from each other, are indeed related to each other. The aa

substitution at position 459 (A-T), charectenstlc for DS viruses, was only -

- shared by an |selate made in Cameroon (¥Y22) in 1983, Besides these commor
mutatlons Fig. 3.8 also demonstrates the relative dwergence between the
. dlfferent genetic grcups. eaoh of which carries changes that were group '
. specifi G, - '

Con-H is not a real mnsensus sequenoe because it only represents 1 isolate
(Gam 91) form (ntuia (1991). This strain s related to other African isolates -
" such as the G bun and Camerdon strains of group 6 (B1 and B2). Howaever,

| . the aligniment of the consensus Sequences shows that this strain carried 6

unique substitutions that were riot shared by any other group of MVs and was
therefore given an indwtdual group designation (Kreis. 8. et aL, 1897),

180 -
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Fig. 3.9 Mumber of nuclentide and prsdicted amino ac.!d changes for 11 consensus

g sequences

'Fag 3 9 presents the hurmber of nt and predlcled aa changes for each-
~ consensus sequence representlng 9 genetic groups. Groups G2 and D2
(groups 5 and 2) both carried the highest number of muta’nons, 25 nt changes :
and 10 &a changss. Fig. 3.8 illustrates a useful and smple way of preliminarily. .

'_assessmg a genstic drift that mlght have oceurred in geographically related o

groups over. time . By oomparlng the consensus sequences of the 2 SA wit

g groups, a. considerable difference in the number of mutations was noted. D&
had 15 nt and 7 aa changes, whereas group } (gmup 7) showed 20 nt and 11 o

..-aa changes. Thus, genotype 1 displayed a greater number of mutations and
may have evolved from the “earlier” South African viruses In subgroup D5,

_-sigmfylng a genetic drift. However, the aa substitution at position 85 of the N
- gene was charactéristic for DS viruses only. Given that this mutation was. not -

- seen ity any of the: reoent genotype I strams and assuming that a reversion of
. this particular mutation did not oceur, it is morg plausibie to consider- an
"'tndependent avolution for both Ilneages When viruses of group | (7) and D5
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that were isolated over a penod of 20 were analysed no sigmf cant char, o

-number and type of mutations was- seen over this extended period -of trme

(Figs. 3.5 and 3.6). Therefore, it can be assumed that no sxgamﬂcant genetic

 drift accurred in those groups. Measles virus is kniown fo be remarkably stable B

over time, a fact which is illustrated by genctype A (1) viruses that have at least
been clrculatmg for 44 years and that do not show mar - 4anges over this
_penod of ttme ) : . _ ' :

{B) Distance matrix ana'lysis

' 'The genetlc dlstances between some consensus ssquenoes rsprssentlng the

most. irnportant genetic groups currently circulating is shown In Table 3.2. The

: 'genetic distances at nt and aa levels were calculated usmg the DNADIST and
' PROTDIST programs of the Phlylp package. - :

- Relative to Schwarz, the c2 (5) group displays the highest varlabillty at nt {evel

~ (5.5%). The variability In aa between the different genetic groups ranged from
3.7% _(!31 or_S) 10 6.9% for the group | (7), whmh___mcluded the majority of SAwt -
strains, As much as the SA group | (7) viruses showed the highest veriability at- -
- aa level relative to Schwarz, the D5 group displayed the least changes of all

~ groups analysed, followed by other African strains in group B and B2 (6) &

by Weke1/97 (Namibia.) which revealed nt divergence rates of only 3.1%.

The hxghast variabmty regard:ng aa changes of all groups was detected

between groups | (7), representing the predominant SA wt group and group c2

- (5), which includes mainly Europsan strains but also US American strains from

. 1994. As mentioned before, SA wi strains of group | (7) revealad a relatlvely

- high level of Nas.embla_nce to group D2, D4, and D5 (2, and 3) which was -
- confirmed by the low figures for nt and aa diversity (max. 3.8% for nf, and mex.
3.6% for aa). The second SA wt group, D5 has phyloganetlcaliy been showrt to

- group with other group D vifuses and this relatedness was also reflected in the

distance matnx analysis. The only 2 strains analysed here that did not group in
wi lineages representing the majority of SA strains (I and 05), Wdke1/87 and -

o SSPESIPES? are included in Tabin 3.2,




' GonA  ConBi ConB2 Con-C2 ConDI2 CenD13 Con-D4 ConDS Cond  WdkD1/S7 SSPESPES?

cmA@ 0 a7 43 80 63 S5 &2 43 68 4% | &3

conBI® a8 0 3W 48 54 51 84 44 T1 51 B
ConB2(8) 31 41 o es 7f 63 74 sa 11 51 14
Con-C2 {5} " 55 88 T4 0O 10 15, 82 &z 88 8.8 19
‘conD2(2): . 47 61 68 69 0. 42 24 30 30 24 O
 ConD3 (4 50 69 &9 81 52 0 4z 24 A3 30 42
ConD4 (3} 43 62 82 69 27 43 0 38 30 24 24
“ConDS {7 26 &2 47 8§ 81 B¢ 27 0 a8 10 . 30
Con (7} 47 ee 68 r. 38 54 28 34 0 18 30
 weketer(@ 0 31 54 50 84 25 41 20 20 20 -0 24
| semwPEOT() 47 61 e8 68 0 52 27 31 38 28 0

Table 3.2 D:stanca matrix of COASENSUS SEGUENCES and 2 selected strams analysad fer ihis study.
' The pancent nt variation is given in the lower triangle and the percent aa d;vergence is
gwen in bold Ietters :n the upper triangle, .

sauab N jo s;s&[a'w. .L"e

.:.94 -
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E Accordung fo the phyloganetic trees and ahgnments of ¢ aa and nt, SSPEsfs’{PE_. _
appeared to belong to group 2 (DZ) ¢nd this was clearly supported by the

 distance valugs, SSPEs/PE9S7 hed an identical sequence to the consensus
sequence that was generated for group 2 (D2). The phylogeretic tree (Fig. 3.7)

shiows that Wdk91/97 grouped with fineage 3 (D4) viruses aithough it did not -
branch off the sarne node as other members of this group. Wdko1/87 appeared
{0 have genetic features usat-could be described as lying somewhat between -

~groups 3 and 2, The distance analysis for these strains revealed identical nt
valyes for groups D4, D5, and 1 (each 20%) The aa divergence for the

" ‘Namibian virus from SA groups D5 and { is very low (1.0% and 1.8%,

respectively), whereas values when compared to groups 2 and 3 (D2 and D4,

 respectively) were somewhat higher at 2.4% diversity (at ea level). The .

- distance matrix anafysus confirmed the phylogenetic analysis in that groups
- closely related to esch other i ina phylogenetic tree had low values for nt and
aa divergence whereas groups showing little relation to each other displayed

- higher diversity values approaching 8, 0% at nt Iavel and 9.0 % at aalevel. . - '

. 3,1.6 Discussion

Molecular PpidemiOIogucal data on MV in southern Afribin countries has not
been available to date. The present study mimed to estabiish (i) how many

. different genietic groups of MV are present in South Africa, (i) what the genetic
~ properties of these viral groups are and how they compars to strains isolated

elsewhere. As discussec_l in 1.4, the knowledge of the molecular epidemiology
of MV Is necessary before indigenous and imported viruses can be

- distinguished, and this is important in assessing the success of local MV
control arid elimination programs. The WHO is moving toward sefting goals for

Hational and global control and the eventual eradication of MV and an

- increasing number of countries are investing considerable effort in achieving -

this. The estimated number of measles infections each year approaches 45
. million with approximately 1 million measles related deaths. Africa, especially

sub-saharan Africa still accounts for the majority of these cases. The reduction -

. and control of measles infections in Africa will therefore be a comerstone in
“achieving the goal of global MV eradication. The EP| {Extended Program on

Imirunization) in South Africa is currently attempting to reduce the numbers of
meéasles infections by implementing mass vaccination campaigns and by -

improving routine vaccine coverage. An indicator for the continued problem of

e e it ema
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~ maintaining a high vaccina coverage is reﬂected in the lerge number of
... measles infections seen in the country (Schoub, B.D., 1894). Over the past 10
‘yeers, an average of 15 000 notificatioris and-300 deaths per annum have -
. been reported in South Africa and this is almost certainly an underestimate of
_'actual cases (Na|doo, 8. and Meyers, K, 1994) However, after the completion
of 2 mass vaccination campaigns in 1996 and 1997, the above numbers of

' measles cdses are likely to- decrease consuierably in the near future. The

knowledge of the genetac groups of MV indigencus to South Africa will be an .
important means to evaluate the success of MV control programs.
Neighbounng countries still have endemic levels of the virus atid importations -

|  of MV across the borders will continue to oceur. It [s not known whether the

- ‘genetic groups of MV in naighbourlng countries are different to the ones .
currently circulating in SA. Efforts are currently being made to collect MV
specimens from countries such as Zimbabwe, Namibia, Botswana,
Mozambigue and others to establlsh the molecular epldemio{ogy of MV in tha
whole of southern Africa,

- To determine strain variation of SA MVs, specimens were callected from 4
differant provirices. Although there are stili vast areas remaining in the country
that could not be-included in this present study as specimens were not

available, the 97 samples analysed have revealed 3 distinet genetic groups ~ -

that are currently in circulation. At this point, it can not be completely ruled out
that mare MV .groups are present in SA. Howaver, there is extensive traveliing
from all parts of the country into Johannesburg {Gauteng) mainly for work-
related piirposes, and the 82 analysed specimens collected in Gauteng are
likely to reflact MV from other provinces as weli. This is known for NC1/95, a

- - spacimen from Newcastle in the Natal province that was taken from a boy who

contracted the dlsease in-Natal and then trave!!ed to .lohannasburg whare he
became il '

Three dlstlnct genetic groups ha\fe been found to clrculate in South Africa, _1 of
which included 4 vaccine-like strains isolated between 1988 and 1896 (group A
“or 1). Three of these 4 isolates had identical carboxyl-terminal N sequences to
_the Scmvam vaccine strain. The recent strain, Jhb38/95, was isolated from a
 ¢hitd that was hosp:talised with severe measles related sympioms but further -
- medical history for this patient was not availsble. The HIV status of these
patients was also unknown and it can not be speculated whether the patients
were mmuno»suppressed It therefore remains unciear why the vaccine strain -
caused such severe climca‘ syrnptoms So far, clinical signs of mfection o
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_ following vaccination have been reported to be SUbdlniCal milder and shorter
in duration than those of a natural infection {Osterhaus, AD. et al, 1994}, -
- Patients’ histories for the isolates made in 1988 and 1989 that also belonged to -

this group 1 (A) were unfortunately not available, Jnb25/96 displayed @

sequence that differed by 2 nt from the Schwarz vaccine strain. This strain
therefore appeared to be a vaccine-like wt strain rather than the vaccine strain. -
_ _Substantial numbers of wt isolates of this genotype have not been made since '_
1971, - will be interesting to continue tha analysis of MV strainis to. ldentify
- whether this group 1 (A) is stilt circulatmg more frequently elsewhers, Before
the wcrldmde Introduction in the 1960s of the potent measles. vaoclnes, this

genstic group was believed to be the predommant genotype in many parts of

the world (Rima, B.K. et al, 19953) ' - o

Group If _ : '
The wit genetic group Il {D5) viruses have been presant in the country at lpast
- from 1878 onwards, Most isolates of this group were made 12 to.20 years ago
and only 2 of the 6 strains were recent (1895 and 1997), There is a possibility -
- that this group was more frequent in the 1970s and 1980s and that it has been
. partly replaced by group Hl. Jhb4/97 carried 7 additional nt and 4 aa changes
- when comparad to SA168/78, a strain of the same group that was collected 19
“years earlier, This might indicate an evolutionary process towards the hlghar
rnutatad more recent isolates.

Gmup m ' B
“The- third and at present dom{nant genetlc group I (I or 7) tnciuded the

majority of isolates made in South Africa. A total of B7 strains (out of 87) proved - . -

1o belong to this group, Twenty-nine of these strains were determined to be
group ll] viruses by sequence analysis of the COOH-terminus of the N gene. A
further 58 strains were grouped by HMA analysis (chapter 3.3). Can, an [solate -
‘mads In Canada in 1989 was closely related to the recent South African MVs,
sharlng 10 out of 11 aa substitutions. Unfortunately, futher 2equences of
Canadian isolates were not available, and so it is not reasonable to comment
on possib{a importation routes of this gerietic group. However, the fact that 3
'SA strains from 1978 belonged to this group might demensirate that this

' geno_type hes besn longer in curc;uiaﬁon in South Africa than in Canada, -

Asymptomabc measies infections ' _
T3/96 represented a urine samnple that was taken from an acutely infected 26
year old male in Johannesburg who had a history of recelving measies
vaccination at thie age of 15 mornths and 7 years of age. The measies infection
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in this case indicated primary vaccine failure. Primary vaccine failure oscurs in-

 about 5% of vaccine recipients immunized at 15 months. of age {Surveiliance |

" Bulletin, 1996; Mathias, R.C, et al., -1988). To deterrmne if this patient was

- indeed a case of primary vaccine failure an avidity test wds performad on-a

_serum sampfe by the diagnostic section of the NIV. Avidity during the first
weeks following primary infectlon Is fow and increases with the maturation of
- 1gG antibodies (Narita, M. et al., 1998). The avidity for T3/96 was low (<30%), -
' indicating a primary infection in this patient due to primary vaccine failure, This
was algo confirmed by a positive igh ELISA result in this case indicative for a
primary infection (Linnemann, C.C. et al., 1973). The patient’s mother (T5/96)
who had a history of natural measles same 30 years ago was in close contact
- with the son during his iliness, A utine sample obtained from the ‘mother
showed typical measles _CPE_'after 3 passages in BS5a cells. A throat swab
specimen taken from the same indivldual as weil as urine and throat swab
- samples taken from the father of T3/96, remained negative in tlssue culture for
‘B passages. MV-specific immunofiuorescence using monoclonai antibodies
against the N protein performed on those samples also gave negative results,
lgG and IgM ELISA testmg was carried out on serum samples from both
parents showed IgG positivity and avidity values of 49% for the mother and
§5% for the serum snmple of the father. Both parents were negative for IgM
- antibodies. '

) The: fact that MV cauld be isolated from the urine of an asymptomat;c lndiwdual o

who was in close cantact with an. acutely infected  person has! to our
knawiedge, never been reported before, However, it has been proposed that
as, mptomatic-individuals can develop secandary immune responses and may -
in fact be transiently contagious (Muller, C.P. et al., 1996; Pedersen, LR. et al,,
1989). The question remains at which. frequencies these subclinical or -
asymptomatic cases oceur as they could present an important source of viral
“dissemination in cases where no epidemiological fink to an acute case can be
found. Foilowing this result, a study has been set up to include urline, blood,
- and throat swab samples from care-givers that had been in close contact with
an individual acutely infecied with measles, To date, 4 pairs of infected.
“individuals and their aaymptomatlc care-givers have been analysed Virus.
could not be isolated or detected by immunoflucrescence on urine or thiroat
_ swab sampies from the care-givers &t any stage, whereas 3 of the 4 infected
children clearly were positive for measles infection.

Sequence analysis revealed thet both mother and son hed ldentlcai calooxyls
 terminal N genes: it can not be excluded at thts stage that the aforementioned -
~ MV isolation from an asymptomatic mother was in fact due to & contamination
with the virus from the son. However, great care was taken to strictly separate
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both eamples in tissue culture and at any later stage so that a c:ontamination B
~ seemed unlikely. It Is questionable whether the viral titres in the mother would - "
~ have been sufficient to infact susceptlb!e individuals, Furtherrnore no’ vitus
was |so!ated from the throat swab sample and MV titres in the urine must have -
‘been very low since lselation only occun'ed after 3 passages in fissue culture.
In contrast, Mv-posﬂwe CPE of samples (either urine or throat swab) from
- acutely infected patients generally became evident during the first passage in- -

B95a cells (after 1 to 3 days). Further pairs of MV-infected patients and their -

asymptomatic care-givers will have to be analysed in order to state whether
thisisa commen phenomenen in South Afrfca ar elsewhere

Analysis of stored chinical samp:'es

~ Worldwids, efforts are being mede to reduce the inc:dence of MV infections

Some countries in the developed worid are moving towards the efimination of

MV from within their borders, or have succeeded in interrupting transmission of

-~ indigenous virus, as has been shown for the USA (Bsliini, W.J. and Rota, P.A.,
1988; Rota, J.S. et al., 1998). Nevertheless, most developing countries are only

row begmnmg to embark on MV control programmea such as mass vaccination

~ campaigns and strategies to improve routine vaccine coverage, For countries
that currently do not uncisrtake molecular epidemiological survelliance of MV,
the amplification of the carboxyl-terminus of the N gene form stored cfinical
~ samples using the PCR protocol described in 3.1.3 could be a useful tool in

- obtaining retrospective epidemiological data. This would allow for sequence

. analysis of the amplified fragments in order to establish the characteristics of
MV strains that have been circulating in that country over time. The knowledge

“of the genetic characteristics of MV strains prior to implementation of control .
measures and mass vaccination campaigns, is essential for distinguishing
imported from indigenous virus strains. Most techniiques reported to date that
allow for partial amplification of the MV genome from clinical samples such as
sera and CSF's, were used only on fresh samples that had never bsen frozen,
or the techniques proved to be rather time-consuming (Matsuzono, Y. et al.,
1 994) ‘In addition, other methods ampht’ ied only conserved reg!ons (Jin, L. et

‘al.,. 1996), and resulted in PCR products of less than 200 bp.in Iength
(Nakayama, T. of al, 1995) or required further DNA pun_f‘c_atie_n prior to
sequence analysis (Jin, L. et al,, 1996; Nakayama, T. et al., 1995). The method
for RNA extraction and RT-PCR of the carbcxyl-tenmnal 450 bp of the N gene .

" described here proved to be rapld, relatively simple, and yielded PCR products
that - could be used directly for ‘sequencing analysis. Apart from. the
retrospective analysis of MV using stored material, this technique can further

be used to obtain sequence data from recent sera in situations where-
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- specimens for virus isolation are not available, The serum and CSF samples '
_ had been stored for 20 years at -20°C and were likely to have been frozen and
* thawed several times due to use of the samples for other studies. Considering
the substantial degradattcn of RNA that ocours in- samples that have been
stored for prolonged periods of time and that have been frozen and thawed
numerous times, positive ‘amplification . in 24% of cases was satisfying. -
- However, the extent of RNA degradation did not permit the amplif cetlon cf
fragments longer than 350—400 bp in mcst of these samples - :

_ Sequence comparison of d:ﬂ’erent semp!es from one pat:ent
. The CSF and serum samples that wers cbtained from the same SSPE patlent
from the Eastern Cape revealed Identical sequences for the carboxyl-termmal-
456 nuclectides. Similar results were reported by Sakaguchi, M et al. (1986)
~ who found identical sequences for a throat swab and lymphocyte sample from
~ one patient in Japen. This was the only region of the genome that could: be
amplified using the method discussed above, Partial amplification of the M and
- H genes were negative Previous studies have shown extensive mutations In
the M gene and F gene of SSPE MV strains (Wong, T.C. et al., 1991; Cattanso,
. R. st al, 1986; Cattanec R. et al., 1988). Cattaneo, R. et al. (1989) further
- shiowed that the carboxyi-terminus of the N gene also accumulated amino acid
changes which, tiowever, did not significantly aiter the gens product. The
results presented here indicate that the carboxyl-terminal N gene sequence of

- ~ ‘a SSPE case revesled a ‘normal® sequence that did not reflect unusual

: hypermutatuens This sequence was shown to be closely related to US
‘American strains that were associated with a sustained measles outbreak. in -
this ccuntry in the late19805 and early 1990s (Rcta, S etal, 1996),

In summary, thls chapter presents mclecular epldermclcglcel data on South -
* African measles viruses isolated between 1978 and 1997. The phylogenetic

- trees, nt and aa alignments, and distance matrix analysis showed that 2 distinct

- wt groups and 1 group of vaccine—llke are circulating in the country. A strain
" from Narnibig, although carrying distinct changes, grouped with the majority of

~ SA MVs. A second MV from Namibia was shown to group with D4 (3) viruses, a
-group that malnly represents us American MV isclates. A CSF and serum

sample taken from a SSPE patient in the Eastern Cape province were identical -
‘and were confirmed to be clossly related to Chit, the representative strain of
D2 (2) viruses that wera respensible for the resurgence of measles in the USA

B batwsan ‘1989 and 1891. The analysis of consensus sequences for different |
genetic groups is a useful way to presen genetic comparizons -of newly .

| 'described sfrains with the enes known to clrculate in cther parts of the world
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 CHAPTER3.2 MOLECULAR ~ EPIDEMIOLOGY OF
N MEASLES VIRUS IN SOUTH AFRICA-
~ ANALYSIS OF HEMAGGLUTININ GENES

3.2.1 Introduction

" The hemagglutmln (H) gene of wi MVs dlsplays a hlgh vanabllity and sequence and
phylogenehc analysis of the full cading region as well as of partial sequences has
' besn used in numerous studies to differentiate between genstic groups (Rota, J.8. -
et al, 1992, Outlaw, M.C. et al, 1997; Rima, B.K et al., 1987). The H gene has
besn suggested to undergo more change than other regions of the gehome since
the encoded protein is present on the surface of the virus and is therefore likely to
- become exposed to increased immunological pressure (Rota, J.S. et al,, 1992). The

H protein is the major tanget for inducing neutralizing antibodies. Currently, gfforts .

" are underway to precisely determine the epitopes on the H protein that induce
immune responses (Rofa, P.A. et al., 1985). In this context, knowledge of sequence
diversity within the H gene will contribute to understanding antigemc variatlons of
the H proteins (summansed in1.214(8). - : : :

In this sludy, full coding sequences of the H geﬁe_ were determined for 21 _'MV strains

- from South Africa, selected in order to represent the 3 genetic groups circulating in .

_the ccuntry (3.1}. The analysis of H genes was particularly |mportant to establish
whether the 4 group | strains were vaccine or vaceine-like viruses (dlscussed in
~ chapter 3.1). Furt_hen‘nore, this anaiysis served to confirm the groupings obtained
- upon sequence analysis of the N gene. The comparison of H and N gene results for -
_use in genptyping will be discussed. Additionally, 2 aa residues that have been
' suggested to govern CD46 downwgulatlon (Lecouturier, V. et al,, 1996; Bartz, R. et
~ al., 1996) were specifically noted. A further aa residue (416) will be discusssd in -
: viéw of an additional glycosylation site that some wt strains contain at this position
(Rota, J.S. et.al., 1292; Saito, H, et al,, 1994). Partial coding sequences of H genes

‘of several MV from the Gambia and Zambia have recently been published (Outlaw,

M.C. et al., 1997), These will ba compared to South Afncan isolates and se!ected
' strains reprasenting other genetic groups.
Group designations in this chapter will be used in order to oonform to those used in

- _ _chapter 3.1, The full coding sequence of H comprises 1830 nt or 610 aa. For

reasons of snrnplicny only a few selected strains were used for the alignment of
. predicted aa changes in Fig. 312 -
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- 322 Phylogenetic '-an'alysis of South African measles virus H genes

.Hémagglutinin genes of 21 SA MV isolates IWa're.clbné.d (2. 5} and sequenced on

. either ABI 373 or ALFexpress automated sequencers (2.4.3) in duplicate or in. .

triplicate. Phylcgenetic analysis was. performed . as descnbed 1n 31 2 (A)
Information on stralns is summansed in Tabla 2, 1

| NC1/95 1 '
— Jhb1/88 —i It
_.I:'—Jhp1/89 S
= Nataht /86
— Notal7/96
-~ Rdpti /94
S dhet/8s _
: lhb.‘S/QG
Natoi8/968
Jhp1B/84 - S
—Pta1/95  |Iil .
ur*—dﬂb3/94
— Jhb28/96
Jhb47 /98 .
Jhb20/95 -
Jhb36/95

‘;:_._._..

4hb2/98
. —--—.Jhb73/9L} —
rSchworz ] L
JAb2/88 )
- Jnb25/96 .
Jhb38/95
Eom—wt |

© Fig.340 - Phylogenetic analysis of he entire coding region of the H gene for 21 South African
= ' _ measles virus strains. The tree is umoied and was genaratad uslng the DNAML
program (thllp) : _
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The 'phylo'g'en.atic' analysis on H genes from representatives of tha. 38A genetlb -

o lineages confirmed that 2 wt groups as well as 1 group of vaccine-like viruses Fig. -
3.10) are presently circulating in SA, as was determined by parhal sequencing of the

N gene {3.1.2). For 3'of the & strains of group 11 (D5} H sequences were defermined.
Once more these viruses proved to belong to a distinet group clearly different from

the majority of SA wt strains in group lll. The predominant genetic group I} also
includes the H gene sequence of a strain that was istlated on Vero cells in 1984
- (Jnb18/84), showing that this group has been circun:ing in SA for many years, The
-cod:ng sequencss of H genes from stored clinical samples (2.2, 2and 2.3.3) could
not be analysed since PCR amplification of partial H fragments remained negative
(data not shown) PCR amplification. producta of H genes for selscted MV isolates
 were shown In Fig. 3.1, The H sequences of the 4 vaccine-like or vaccine strains

(Jhb1I88 Jhix1189, Jhh3sse5, and Jhb25/96) that have been discussed before were ..

closaly related to the vaccine strain Schwarz and the Edmonston wt sequerice. '
However, the phylogenetic tree in Fig. 3.10 indicates that the H sequences of these
strains were not ldentacal to Schwarz. The question whether these strains. represent
the vaccine strain or vaccine-like wt isolates will be discussed further in view of nt
and aa alignments. :

3.2, 3 Analysns of H gene sequences from dlfrerent genetlc groups '
. and companson of phylogenetlc results for H and N genes

Fig. 3. 11 shows a dendrogram includmg several South Afncan H sequances and
strains from ather parts of the world representing most of the genstic groups known
w date, Although partly different strains were included in this phylogenetic analysis,
the groupings for the strairis analysed before (3.1.3) were very similar to the ones -
~ described. here. Information on MV that were isolated in countries othar than South

- Africa is given in Append:x B. The genetlc groups and their designations have been

discussed in chaptér 3.4. In summary, individual strains that belonged to a certain
~genetic group an the basis of N gena sequenees grouped v/ith the same lineages

when H genes were analysed. In addition, some recently published ' strains, for

which oormpondmg N sequnnces were not ava:labla from the NCBI Genbank, were -
~ Included in the H tree.

- C2 (5) seems fo be the predominant genotype in most parts of Europe szs was

|solated in the USA but was shown to have been imported from ltaly (Rota, 4.8. et
“al,, 1988). Other isolates like AB93Ger and WTFV wers clrculating in Germany in
1892 and 1998, res;.tively. Numerous new strains from groups D and_ 1 (234, and
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g 7) were analysed as well as addlttonal strams from Snuth Afnca that fon'ned part of' |
the ganetic Ilneage i (7)

[ —
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Fig. 341 . . Phylogenetic analysis of H genes.
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o Phylogenatlc results for Hand N geres cornpared well fo eam other and it appears
B that analysis ¢~ either gens can be used for molecular epldarmologrcal studies. To.
~-date, there is no evidence for recombination between MV strains. Thus, simply

~ bécause of the difference in Iength of the 2 genes, seguencing of the 453 carboxyl_ C T

-~ terminal nt of the N gene would seem easier and more rapid:
The N gene sequence of the Canad;an wt strain {Can) was shown to be closely

- rélated fo the predominant genetic group in South Africa (lor 7). The ana!ysns ofH

‘genes showed that 2 wt strains from Pakistan (PK89-1, PK89-2} also grouped with

- the majnrlty of SA MVs. To dete one 1989 Ganaduan virus {N gene) and 2 strains

- from Pakistan {H genes) also |soL ad in 1988 were very similarto South Afncan MV
strains of group l (7) . _

" Not Included in the Nor H phylogenetic trees were wt lsolates fram Chma since .
Zsaquenoes were not uvailable at the fime of writing. This group of viruses has
recently besn reported to be distinct and considerably different from any genetic

- group known to date (Belhm W.J. and Rots, P.A,, 1993) :

A} Nucleotide diversity between stralns from 8 distinct genetic groups

Table 3.3 shows characteristic nt changes that seem to be useful gehetic markers -
- for differentiation ot the various viral groups, An altemative method to present such
data is to create consensus sequenoas for each ganotype as was presented for the _
N gene sequences in chapter 3

The nt substltutions at pomticn 72 and 129 of the ccding reglon of the H gene
distinguished wt from vaccine and vaccine-like strains (A or. ‘1) Substitutions
- charactertstic for all group D (D2 (2): D3 (4); D4 (3); D5) and graup | (7) viruses were
~ identified at positions 525, 754, and 1476. The silent mutations at positions 154,
180, 4659, 1701, 1716, and 1818 were specific to lineage }, including SA wt strains
- and 2 isolates from Pakistan. A oodlng substizution at nt 1797 which resulted in the

o 'repiaoement of valine {(Vyby glutamate (E) was distinct for both SA wt groun, {05
- andl)as well as for vaccine and vaccine-like strains. This substitution appeared to -

be specific to SA MV strains and has not been detected in genetic groups ctulating
* elsewhere, Table 3.3 also demonstrates that the SA isclate Jhb38/05 (A or 1) carried
5 spacific t changes, each of which was coding for aa replaoements Although the
carboxyi-terminal N sequence of this strain was identical to the Schwarz véaceine
- strain, the substitutions in the H gene Indicate that this sirain indeed wasa wi isolate
. of group 1 (A) rather than the vaccine straln itself.
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Table 3.3': _Charactenstic nucleotide substituttons for selected strams of 8
- : different genetic groups

NtRo, Bch  JHbB/O5 NG1/S anhs}gspmq CAMB3 Thalod AGR 1L94 = Gamdl aa
' An a1 sy (7 (W (D212 (D43 (D34 (C2)5 - (B)e.

754

21 G - - - - A A " - - -
42 T - . R c e - . . -
5% © - - T T T T - - « .
2 ¢ - T T ™~ T T T T T -
20 T - ¢ © ¢ ¢. € ¢ ©& ¢ -
154 T - " T -
180 T . - - @& . - e . - - .
21 A - G 6 G G 6 - - .
2 A - 6 G & 3 6 & . - -
g8 A - 6 6 - 6 6 6 6 6 .
63t 6 - A - A A A A A A G
T - P g € €& .C- G - « . YH
885 © - - T T T T < e . L-F
1210 G A - - - - - - - - ’ D-nN
1288 & A = . - . . . . . G-E
1481 ¢ A S . - - - - . - TN
1476 A - 6 a6 G 6 G G - . .
1859 G =~ . A A - . - . . .
1A - - G G - - - - - -
i7i6 A - .« T T - . - - - .
788 ¢ T - - . - . - “ . 8F
7T T. A A A - - . . . : V-E
c - - T “ - . . . .

' -181'8_

; stmlnsfhat eamed most of the gmup-spedﬂc nt subslltulluns were selected to rapresent the relevant
frenetic groups iy this table. This table shows a sefection of nit changes only. Additional and simflat
nt subst!tutlans were present in most groups tut for reasons of stmpllcity were not listed. .
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B) Ganetic distances:

' “The genetic distances between H gene sequences of SA strains corresponded weil -
with the distances calculated for N gene sequences. South African Group A (1)
- viruses differed by a maximum of 0.4% (nt level) between each other. D5 viruses
" varied by 1.3%-1.5% when compared to each othef, whereas strains from the SA
' linsage | {7) appeared to be mora clossly related with nt divergence rates ranging _
. between 0,5% and 1.8% and averaging approximately 1%. The isolates from .
“Pakistan that were closely related to the majority of SA wt viruses, differed by 2.4%-
- 3.0% to other group | strains (data not shown). The nt divergence rates for the -
-~ representatives of the genetic groups circulating in countries other than South Africa
- and Pakistan were also similar to the ones ‘obtained i |n the dlstanca matrix analysis ./
- of the N gene (Tabte 3.2). '

3.2.4 Analysis of predicted amino acids of the H pfdtam
(A Alignrhent of 'arhino acids for strains represanting- 8 genetic graups

~ Fig. 3 12 shows an allgnment of predicted aa for & selection of MV strains
~ represeniing 8 genetlc groups.

Fig. 3.12
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* Fig 3.12, continued
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Fig 3.12, continued

SRR 301 eeenrianne
R I194 ’ . 301 - .\|G;.-:o-‘«. YT -a.--n-‘.?-‘ sErttarrss 50 -
| GameL - 1§ varsvestas setarsnras mesrearers sdesariusr vevessseas - 350

FHEAATEA S arwARRE A WAALNENEEAE - . 350 -

geb " 383 LISHRGVIAD NQAKHBVPTT RTDDILRMET CEOGRCKGKY QALCENEPEWR 400
Jnbas/os 351 eanvarer baekiiames wavestraes aekniveris merarvarie . 400
HC1L/95 351 B R O T I E L. R TIETTR T 400
Shbi/94 | . 351 T T 400
PKED1H 351 ArieANKima enEEASEEAS bmeamesaun Aresvesers whebiniass 400
CamB3-H 361 S | 400
Thaldd 35l waFd s huuws rmussustbs satnmmrhua FhEsaRER NS PhrdtEsnas . 400
CPEABR . 3BL  senevesres srevaseses cmaavennes dvenua@isy sasveinees 400
AGR - 1! vessanoce sneeurbetr bovestasas (Gedvevuny siuesrawarc 40
1194 B51  iiaivaieds sesneaKane muasasnens Featkreasas avessncare i00
G\Bmgi : 351 BEEERERSEEE R ?--.;vooiﬁ. FRANE R R RS NEFFRAEANY A FEAETRE \“‘D

gch, ; 401 PLKDNWIPSY GVLEVDLSLT VELKTKIASG EGPLITHASG WDLYKSNHNN 450
Jhp3ss8s . 40L cerMeivnnre svonnestes siransersB chrannanes vaverrinan 450
HCL/9G 4031 YRR --vr.b-o;n P 450
Jhb3r9d BT O S A 1
_PRAG-LH 40 Mremsbeane eseteaibe SusracEEve vasuissvve ermabrsaid 450
CamBiH 401 B A T T LTI TT LI R 2 L
-Thaldd TUBBL T aeesreerra sseraMeies wersnriane prasseisne serreiaers o 460

Pal33 CA0LT aeseieaes maeneMadn psvavsanis sasiadiess aeenenads 45t :
AGR, 401 beeidesan dhrsanaese destansdis ammrmaavae smeebvresd - 450 ;
194 i an1 einetln e s e davrusns betuverer edbRivesis AveswnEiuia 450

' ; ' 450 i

Gamat DD sasemsarn mreasenEsr Tt EECL4r amLalEanes Bazaadelid

Beh - §51 VYRLTIPEMG NLALGVINTL EWIPRFKVSP YLETVPOKEA GEDCHAPTYL 500
This38/ 9% CUEBL  wansesevas seneanares vorneivane sasNoveinn sivesianns 500
Hels8s - 4AL iveresrnin vanerinave srrinvaans Hosoe@uoas seeransese 50D
Jhb3/94 151 cereseraas asdnamsent sa¥ariases Hoveavaner 2Baarieain 500
PREB-LH . 45h  easeneerne sreataiias sdviennese Becniiiins siieienes o 500
U ramid-R - 4BL; ChRwANFEaNe Kavbsadabe wiaseerers Naoanersns sounusnrnw ©.- Bo0
ThaiBll . 45-‘- T bdradaaaEr wsmermaade P PRI Misninrnsan arrvatnsnta 500
Palda X © 4B -lt‘t_-ltt.\.‘llt.!.lp‘k" arpenensre Hosnbnnens snmpannann 500
- m . 451 ’ IR TS NN, cl-u;t'o‘-u qn;on_..-va-Nonn_--oqsu ransaad ey 500
1184 T T R O ...
X Gamdl 451 ._IJIQDIIQUUR Frsrnassnn [T Y Nll.llf_‘t- Y] 500

gch . - EDL PAEVDGOVHE SSNEVILDOD DLOYVLALYD TERVEHAVVY yvysPAREES. - 580
Jhb3s/es BOL . eseveseves sanmrenecs avesscaras dirseesrai siescsiees 580
HCi/95 . 501 ;s-_aiot;rq l!.non(“_l‘b sraHueunin sranrornas svnnarrins 554
Jhib3/ 84 CUBDL T iwesisenne meassauenh aressases wavmravens BrdrvaEsas . 550
PRBS-1H 501 . )

Com83-K. 501 _
Traibd - 561 .'!ttolu..GQf_ Prhauphbad Hprpassria sFevsuvisn wrsbrinenn . 550
¥alas R 501 - _lb‘.‘uv‘tl.l“(.i“ltb&l‘h -._cy..a..._.'_ : BELLEEEEL ERS EEG
AGR ©UBOL . viereeerreoseliesades resrenases Cveenrevres 0 56D
S ried o . 501 PAAEVERREL ERiaanEdey P q_«os--f;a-.-.vv-ucsoa . B50

GamBl ’ . 5”1 -tacocunyn';;to--.n.llt"--_-.;o-lro.xun'-6f.|b-u--.- skdprEyRan ) 55D

isresenss wemveassre ci-@rerein sesvrenues . 660

maesepbams FTPAINAAAE RETeEEARAS mAEPREsEEe cnoealiass 854

sch 551 YYYPTRLEIK GVPIELQVEC FTWDQRLWCR HFCVLADEES GGEHETHEGHMY 600,
Jh,baB!SS 551 _-;---o.lva saREEERRE & u....'-._.‘-.....“..!‘ uoqan.oogg 600
B - BBE  wvrnreei¥e cevncerras svasbierse omsesiesi s ® 0 600
. ohb3/9d 4
. PKAZ-IH BBL . <amsvessss dtraman
. Camid~H . 581 e veasases measuisses weabecnsas sicrieness svmsesesss 60D
Phaisd B 551 FEPREEm o‘lw'klll.ll' l'.llo‘i._“o AahErEI L AR R EERARS ’ . 60O -
93193 551 b...‘-i-l\o Rt MEbEEaY RMEggAraver SRbekReELld ARdELETANS [ele]
AGR : 553 v etuneris AemasARbab . waeadriaed Hadsebrddl prrrnrencn 600

mre dptAREBAtAr BEEBECIATE AFedkmasand &0




32AnalysisofHgenes - 80

' Fig 3.12, continued
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- Fig.342  Alignment of pradicled amino scids from selected sirains of 8 genetic groups.

Position 1 corresponds to the first amino acid of the translated mRNA. The major _ |

hydrophdbic regien is underlined and potantual giyoosylaﬂon sltes are Indicated in
italic and bold Iatters. .

_ _Amino acid substututions at positlons 117, 243 276, and 481 are markers that' '
* distinguish wt from vaccine. strains. A Y-H replacement at 252 and & L-W
- replacement at 284 were characterishc changes only seen in group D and group |

Vitus strains,

: --Group—speclf‘c changes for South Afrlcan D5 viruses only, were located at.
" residue numbers 211, 285, and 289 (R~L, S-N, and V-1, respactwely) Groupl
_{7) strains shared 3 conserved changes at positions 268 (M-V), 308 (S-A), and
473 {1-V). These changes could be interpreted as unique markers useful for-
differentiation between imported and indigenous MV in SA. The aa substitution
VaE (position 800), corresponding -to the nt substitution at position 17987

_ represented a distinct change for SA MV strains of all 3 groups that was not seen

in any other genetic group, On average the primary sequence of the H protem of

these SA group 1 (7) strains differad by 57 nt and 22 aa from the Schwarz vaccine
strain. DS strains carried 42 and 16 conserved aa changes when oompared to the
vaccine strain : :
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B) Characteris{iés of South Africé"n vaccine and vac'cins-Iike- strains

' The SchWarz vaccine stram carries cnaracteristic aa subst;tutmns at posntlons o
17 (F-L), 484 (N-T), and 600 (E-V) when compared to the Edmonston wt
. Sstrain. Except for the first aa replacement; none of the South African vaccine-like -
strains of group 1 (A} showed these changes, but displayed the “original®
residues that afe present in Edmonston. ‘Apart from these mutations, the 2 recent
* isolates in group 1, Jhb25/96 and Jhb36/95, carried further non-conserved ntand
aa changes. Thig clearly indicates that both strains represert wi isolates of group
1 (A), differing on average by 4 nt comparsd to the Edmonston strain. o
The 2 earlier strains, Jhb2/88, and Jhb2/89 had identical COOH—tarmlnal'
-sequenoss when compared to Schwarz and apart from the 2 mutations
mentioned abave, identical aa relative to the H ‘gene of Schwarz, Therefore, .
'these earher isolates are more likely to represent re-isolated vaccine strains.

h Nur.':lsotndes of SA grOin 1 (A) viruses were also aligned with vaccine strams
other than Schwarz (Edmonston-derwed) and the Edmonston wt strain (data not
shown). CAM70 {Brazil), Len16 (Russia), and Chg47 (Chma) are vaccine sirains
that were derived from wt strains isolated in those countries. The SA group 1 (A)

- viruses shared 4 coding nt substimtlons with all attenuated vaccine strains

mentioned above. These changes at positions 137 (C-T), 631 (A-G), 1441
(A-T), and 1636 (G~A) seem to be highly conserved among group 1 {A) but were
" not present in the Edmonstoni wt strain (nt position 137 here corresponds o nt
" 157 in-Rota; 4.8, et al,, 1894). However, the 2 earlier SA isolates in this group
‘each carried 1 silent nt change, and both recent streins (Jhb36/95, and Jhb25/96)
each shared 3 unique nt changes when compered to other vacgine strains, As
mentioried above, the SA strains had certain characteristics with other vaccine
strains in common. Nevertheless, particulerly the 2 recent Isolates displayed
several specific nt and. aa changes |dentifying these strains as wt isolates of

genotype 1.

- (C). Specific amino acid 'cnanges within the H protein

_ Glycasyfatfan site at resfdue 416

it has been shown that residus 416 can contain an additional glycosylatmn site in -
some wt strains (Rota, J.8. et al.,, 1992). This aspartate (D) fo asparagine (N)
substitutlnn has been detected in wt isolates from groups D2 {2) and D4 (3) as
well as in the majority of SA wi viruses of group i (7) Only a single strain.
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- Netal1/g8, did not cany thls subsﬂtutlon (data not shown) None of the SA g group
A (1) and D5 viruses d;spiayed this additional. potentlal- glycosylation site.
Whather this site is utllised in vivo for additional glyoosylatlon is not clear, The
antigenic propertles of SA strains related to this aa subst;tutlon will be discussad _

in more detali in chapter 3.4,

Ammo acid changes that govem CD46 downregufat:on :
“Two amine acid substitutions in the H protein have been reported to influence the
~ ability of certain. MV strains fo downregulate the cellular receptor CD46
(Lecouturier, V. et al., 1997; Bartz, R. et al., 1997). Table 3.4 summarises the nt
and aa at these positions for representatives of 8 genetlc groups and the =
- theoretical effect that these mutatuons could have on the possible downregulatlon o
© ofthe CD46 receptor : N

“Tahle 34 I‘déntiﬁ'daﬁqn of huclentide and amino acid changes responsibie for "
" CD46 downreguiation in 8 different genetic groups -

nt1362aa451  nt14412a481  posslole CD46
- S : . downregulation

. Sch
Bdm
. SA-Group I (A}
. 8A-Group It {35)
-~ SAGroup N {7y
C 0 PKee1(,7y
0 CAMEBS (D2, 2)
. Thai®4 (D4, 3)
Pals3 (D4, 3)
~AGR (D3, &)
. Gam@1 (B, 6)

L ST S

ZZZTZZZEZZZAL AL
1

3 EF R FI-Rs
PP PEBEBP R A

I R R L o
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e ) :__:._The aa substltutlons at positlon 451 (valme {v)_. glutamate (E)) and 481 (tyrosine
o _ (Y)—r asparagine (N)) have been determined for several vaccine and wi strains. it
.- 'was.found thet valine at residue 451 and tyrosine at residue 481 led to the

- 'dowriregualtion of CD46, Hel.a cell fusion, and hemadsorption (Lecauturier, V. et - - |

- &k, 1997). Furthermore, Shibahara, K. et al, (1994) showed that B95a MV -
iso!ates that were pre\nous{y unable to agglutinate AGM-RBC (African Green

- Monkey-red bfood cefis) gained this ability after 20 passages in Vero cells. Two .

. of the '3 strains investigated acquired the 481 substltutmn after -projonged
. passagein Vero cells. .
- - The V(451) and Y(481) aa that were present in all strains of group 1 (A) have__

- -been shown o induce downreguiation of CD46. Most wt isolates investigated in

previous studies carried mutations at position 481 which would theoretically

- abrogate the abllity io influence the expression of CD46 on the celi surface.

' South African strains of group 1 (A) showed a downregulating genotype carrying '
aa V {451) and Y (481) (Tabls 3.4). All SA wt isclates of groups D5 and | {7)
"shared the vallne at 451 with the vaccine strains but carried the Y-N substitution .
~ at residus 481, Thus, the SA wi strains should theoretically not be abie to

~ downregulate CD48. The possibie effects that the downregulation of CD46 could

~ have in vivo, are summarised in 1.3, and wiil be discussed further in chapter 3.5,
The only strain- described in Table 3.4 that displayed the V-E substitution at
positlon 451 was 1L94 from group C2 (5). This particular change appeared to be
characteristic for C2 viruses and was not found in wstrains belonging to other_ '

genetic groups. The- representatwe strains for the remaining genetic groups

~carried the genotypic markers at 451 and 481 identical to the SA wt isolates
" mentioned above.

3.2, 5 Phylogenetic analysu; of partlal codmg sequencas of Afrlcan
measles virus strams

: Outlaw, M.C. et al. (1997) have racently described partial coding sequences of
- the H gene (1 200 nt) for several Aftican MV strains from the Gambia and Zambia, -
Two Zammbian strains isolated in 1992 and & selection of- Gambian viruses (1984
~ ‘and 1885) that havé been shown te group together were compared to Soith
- African isolates. The only other African sequences described before (Gam@1,
NY94-H, and several 1983 isolates from Camercon and Gabon) grouped in

" Jineage B (8) and did not reveal significant similarities to South African MV strains -

~ (Figs. 37 and 8.11). Fig 3.13 shows the phylogenetio analysis for selected
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- African viruses and representatives of other genetic groups Further 1 strain that -

‘was isolated in the Coventry area in England (1993) was mcluded in this tree.

. Outlaw, M.G. and Pringle, C.R. (1995) concluded thet this strain represented a wt .

: . isolate clusely related to genotype 1 (A) viruses. None of these isolates could be -

' includad in the phylogenstic analysis. in Fig. 3. 11 which was based on the full =~
coding region nf thé H gene, as only 120(1 nt of the coding sequence of H were.
- available for-the strains described by Outlaw M C, et aI (1997 and Outlaw
© MC.and Pringle C.R. (1995) :

. T
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" Fig. 543 Analysls af partial coding sequenoes of Hfor & selectlun of African stralns and
' repmsentatwes of otfer genetlc groups.
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'_Thls phylogenetlc tree clearly mdlcates thal the Coventry tsolates indeed grouped :

cL . with vacginé and vaccine-like viruses in group 1 (A). Two Zambian strams from
1992 (Zamgz‘ms Zam92-A11) clustered with South African D5 strains. Thigis. -

. the first time that MV similar to the SA isolates in this group were shown to
_ circulate in” ofher countries within Africa, In view of these results it would be
mterestmg to obtain more sequerices from southem Africa fo investigate whether

~ this 2 commen lineage "t this part of the we Table 3.5 shows nt and aa_

changes of the partial codmg sequenoe of M for 2 Zambian strains and South _
- African D5 viruses, MV from these 2 countries shared 40 conserved nit changes

of whlch 5 were nodmg for aa replacements. Four of 5 aa changes listed below . o

.. Wwere unique to D5 strains only, confirming the genatlc similarity betwesn South’
o Afncan D5 strains and the 2 Zambian isolates from 1 992 ' :

- Tab'lé"' 3.5 Charactenstlc nuclaot[da and amino. acid changes in MV strains_:

frcm South Afnca and Zambia
CNt# - SosthAficaD5 Zambla  ms
o (iess1998) = (198%) '

687 . G-A *
8% GeA + o LeF
885 . G-T R o veL
- 891 S AG I ' -
1078 0 GA o+ o DN

16 © . - AT - -

168 - o Te R

1164 . - - o ' . T..'Cf ) _ R

1216, . G~T ' . : -

1308 L AG + -
1481 . C-A e

1875 - AsG _ L% L . -V

1724 AT o + - Qe
- 1755 A ‘r..q _ + .

-+ nucleotide chiange present: - nucleotide or aniing acid subsiitution abserit
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‘Eighteen west African MV. from the Gambla (1994 and 1995) have been ~

demonstrated to be closely related to each other (Outiaw, M.C. et al,, 1997).

- Therefore, only 3 of these isolates were selected for the phylogenetic analysis in .

Fig. 3.13. The Gambian viruses grcuped with other west Afncan sirains
described before in lineage B (6). This group includes isolates from Cameroon,
Gabon, and Gambia (1991) as well as a strain that was imported into the USA -
~ from Kenya (NY94) (Rota, J.8. et al., 1996). The Gambian isolates shown in Fig.

3.13 appeared to ba more closely reiated to this Kenyan virus than to another - .

- strain that was isolated In thls country 3 or 4 years earlier, It seems plausible to
" assume that more genetic groups will be found as miore isolates from other.
African countries will become available. - :

o .3-."2_.'6 Discussion

‘Groupings of South African MV ‘stralns esteblished on the basis of H gene
sequences confirmed the results based on the carboxylterminal N gene
sequences Two distinct genetic groups of wt MV and ofs group of vacclne-ﬁke
- strains were ideniified and have been discussed hefore.

. Measles virus genstic groups in South Africa:
The 2 recent SA vaccine-like strams were demonstrated fo be wt zsolatas of
group 1 (A} which lnc.ludes vaccine and vaccine-like sequerices from different
parts of the world, Jhb25/96 and Jhb386/85 carried 4 and & different coding nt .
changes relative to the Schwarz vaccine strain that has been used in South
Africa for many years, Jhb2/88 and Jhb2189 however, displayed only 1 nt change.
Patients’ historigs for these isolates were not available but there is a possibility

that these early strains (isolated on Vero cells) were in fact derived from the -

Schwarz vaccine strain. This single nt change may have been acquired during

replication of the virus in the patients. » * this point in tims, It is not possible w0

establish beyond doubt whether these viruses represent vaccine strains or wt
isolates of group 1. In thl_s context, vaccine-like wt strains hiave racently been
isolated in England (Outlaw, M.C. and Pringle, C.R., 1995), One strain from the
Coventry area revealed 1 coding nt change only when compared to the MMR
~ vaccine. Another 4 viruses from this area were also shown to be vaccine-related
although a premature termination signal at residue number 583 in these strains
shortened the H protein by 35 aa. Genotyps 1 s believed to have peen the
* predominant ge'etic group in the world before the widespread infroduction of -
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' measles vaccines. ‘Fhe last wt MV of group 1 (A aoialed ln 19‘?0 (lea
BK etal 1 997). Almost 30 years later, § viruses o this genotype wera foundfo
“girculate in South Afnca and England Thera is a strong possibility that more -

;group 1 viruses will be identified as more countries partic;pate' in’ routine

 molecular svrveittanoe of olrculating MV strains.

The ratio of expressed over snlent mutatlons within the 2 South African wi groups
D5 and i, was 0.35 and 0.38, respsctively. Both ratios are indicative of random
_ drift rather than a direct genetic drift due to immunological pressure. Evolutionary
 rates for South African MV were extremely low, The earliest H ssquence within
group | was derived from an isolate made in 1984 in Johannesburg Comparison
- "of b18/84 to recent SA wt strains revealed only 1 additional nt change in recent
isolates and this equalled a mulation rate of 5.5 x 10° per annum. The
- immunclogical pressure due to high vaccine coverage has been proposed to
- possibly drive the evolution of MV (Rima, BK et al, 1997), as has been
. demonstrated for Influenza A virus which is known fo actumulate mutations -
under increased immunalogical pregsure {Domingo, E. and Holland, J.J., 16984). -
~ The avolutionary pressure cauised by elevated vaccine coverage was certainly

- relatively low In African countries &s welil as in South Africa. The coverage retes
for South Africa over the past 10 years averaged 76% for the first dose and 63%

for individuals who have received a second dose of vaccine (Epidemiological

- Comments, 1995), Thus, it is reasonable to assume that MV isolated in Afrloa are
likely to display an even higher degree of ganstic stability than viruses from
~ developed countries. This has been reported before for African sirains (NY84-H
from Kenya and Cameroon strains from 19883} that were isolated in 1983 and
- 1994, The 11 vear time span between isolations did not show & significant

“evolution and nt differences only attained 1.5% over time (Rota, J.5. et al., 1996).

Compaﬁsbn of South African My 'sf!‘afné' with those isolated in othe'r parts of

- Africs;
~ Another reoant study by Qutiaw, M.C. et al. (1997) analysed wt strains that were

 isolated in the Gambia during 1894 and 1985 as well as 2 isolates from Zambia
(1882). The region anaiysod (1200 nt) covered the majority of the open reading
frame (ORF) for the extemnal domain of the H protein and was therefore likely to
reprosont the majority of s:gnlficant noutrahznng spitopes. Eighteen Gambian
: __|solates have bean shown. to group together. Prylogenetic analysis was
- performed on a selaction of sambian strains, the 2 Zambian strains in addifonto
- a selection of South African MV (Fig. 3.13). The Zambian isolates were related fo .
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group D5 of South African strains, This is interesting since viruses of this group .
have only been found to circulate in these 2 southery African countries to date.
D5 is certainly not the predominant genetic group in South Africa at present, butit -
could bz the major lineage in other southemn African countries from which -
individual strains could have beén imported inte South Africa. Efforts will be -
made to obiain more samples from Zambla and other neighbouring countries In
order to establish whether this group is circulating in higher numbers eisewhers,
Previously described African strains from the Gambia (Gam91), Kenya (NY94-H),"

‘Camercon and Gabon (Rota, J.S. et al, 1993; Giraudon, P, et al., 1988) were

shown 1o be related to each other and all belonged to one genetic group (B or6).
The recently published 18 sequences from the Gambia (1994 and 1895} (Cutlaw,
 M.C. et al,, 1997) proved to cluster togsther and were closely relatad to group B
viruses, Althuugh geographically distant, 1994/95 Gambian MV were. more .
closély related to a Kenyan isolate from 1894 (NY94) and not to the Gambian
stram (Garns'l } that was isolated i in 1991,

Comparison of phylogenetic gm_upmg_s on the basis of H and N sequences:
The results for the genetic groupings presented here were based on the entire
coding region of H and compared well with the phylogenetic groupings obtained
using partial coding sequences of N, No major changes were apparent when
analysing the 2 different genes. However, Rima, B.K. et al (1997) have rioted
that the central nodes in such phylogenetic trees are not well supported In
bootsirap analysis and that changes can occur depending on the data set of
sequences included in the analysis. In this particular siudy (Rima, B.K. st al,
1987), the only significant changes that were detected when comparing N and H -

genes occurred with SSPE strains. The majority of wi strains from cases of

natural measles remained unchanged, To dats, recombination betwsen different
MV strains has not been shown to exist and this seems plausible as genetic
groups appear to be restricted to certain geographical areas and the time period
for necessary co-infection with 2 viruses is very short in natural measles
infectlons Thus, it would be reasonable to state that euther gene, H or N, couid
be used for estabhshing phylogenetic groups of MV, :

' Geneﬁc gmups of measles virus

~ The question of how many genotypes currently exist in. the wor{d can only ha
answered when seguences from more countries, especlally from Africa-and At &

" become avallable, and as soon as clear guidelines. as to how to defi~= %ad
"genetic groups have been agreed upon. Depending on the criteria used for
definition of MV genolypes, generally 8 distinct genetic groups have .een
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 desoribed to date, most of which disclose & clear geographic restriction. The
- majority of South African wt strains grouped in lineage | (7) similar to sirains from
* Pakistan and 1. Canadian isolate. This group revealed several common changes

~with genotype D viruses, which appears-to be the predominant genetic group -

currently circulating in many parts of the world. Therefore, group | could also be -
interpreted as a subgroup wit. .n genctype D. The D5 group representing 6 South
African strains as well as 2 Zambian isolates were shown to be even more
closely_related to genolype D measles strains, and thus could certainly be -
~ considered as a subgraup within this major genetic group. The nuclectide and
- amino acid afignments as well as the analysis of genetic distances supported the

- genetic clusters established by phylogenetic analysis, as related groups of

viruses shared certain silent or soding nt substitutions and exhibited low geneﬁc o

dtstance values, This was equally true for analysns of Hand N genes o

. Additional g!ycosyfatfon sn‘e in therrotein -

The D-N aa substitution in some wi strains has bwen shown to create a new

- potential N-linked glycosylation site (Rota, J.S. et al., 1994). The alignment of -

predic'_ced a3 in Fig. 3,11 demonstrated that viruses in groups D2 (2), D4 (3) and
the South Africart strains of group ! displaysd this change, whereas the jsolates
- from Pakistan, closely related to 1, did not canry this substitution, Whether this 6%
glycosylation site is used in vivo and what the relevance of this additional sugar -
could be is not clear at this point in time, However, other morbilfiviruses such as
carine distemper virus and rinderpest virus also contain an additional
glycosyiatuon site at or near the one described for MV (Rota, J.8. et al,, 1984),
" providing evldence that this phenomennn might indesd hava in vivn relevance,

Amino aclds responsible for CD48 downregulation
- Two amino acid changes at positions 451 and 481 have been proposed to play a-
. major rale in the ability of MV strains to downregulate CD46 (Lecouturier, V.et
al., 1967; Bartz, R. et al,, 1987). Both groups used site-directed mutagenasis to-

_ introducs valine (V) at position 451 and tyrosine (Y) at position 481 into
previously non-downregulating measles stralns. Apart from other miutations that

might be of minor importance for & downregulating phenotype these 2 ag

 substitutions wers able to clearly induce downraguilation of CD46. Apart from this
phenomenon, Lecouturier, V. et al. (1997) further investigated the abilit; ‘of 2 MV
- straing to fuse Hela celis as well as hemadsorption patterns, properties that were
also influenced by the 2 mutations mentioned above. Table 3.4 showed the
residues that were present at positions 46+ and 481 in a selection of MV strains.
The dawnregulatlng genotype is charactarised by aa V451 and Y481, The
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o vac,c:ne stram Schwarz and the Edmonston wi strain as well as viruges ralated to .
_ group. 1 (1nclud1ng 4 South African strains) catried these phenotypic markers (V

~and Y). Except for 1Lo4 (group C2 or-5), all other wt isolates proved o have the -

* yaline residue at 451 but displayed & glutamate (N) at position 481, This change
has heen demonstratad to abrogate susion of Hela oells as well as the ability to
'_downregulata SD46 - (Lecouturier, V. et al, 199?) However, Bartz; R. et .al.
{1997} have identified several wt strains that contained the N ‘residue at 481

instead of tyrosine (Y).-All of these Wi girains were initially isolated on Raji or :

. Hela cells. The relevance of these aa substitutions and the ability to -
downreguiate CD46 of some MV strains wnll be discussed further in chapter 3. 5.
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 CHAPTER33 GENETIC SCREENING OF MEASLES

VIRUS STRAINS

. '3_'.3.1-'I'ntrodﬁcti.on o

Maasies virus continues to clrculata endemically in most parts of Afnca as well as
~in South Africa, Although the incidence of the disease is believed to have been
" markedly reduced by 2 mass vaccination campaigns in 1896 and 1997, an average
of 15 000 notified cases per annum over the past 10 years (1986 to 1996) hava bean _

reported (Epldemtologlcal Comments, 1994 1997) '

The standard and most oommonly used method for determmmg strain dwersity in MV
has been sequence analysis of the carboxyl-terminus of the nucleccapsid gene
(Rota, P.A. et al., 1994; Rima, B.K. et al., 1995a). Nevartheléss, the abundance of
- cireulating wt MV in South Africa and the need to obtain molecular epidemiological
 data on multiple specimens in a short periad of fime dem_é_nded a more rapid, less
- complex, but still reliable technique to identify strains for further characterisation by
- sequenice analysis. This study was aimed to adapt and evaluate techniques, other

than ssquencing, allowing for rapid and reproducible pre-screaning of MV isolates.

. Efforts were concentrated on the Restriction Length Fragment Polymorphism (RFLP) '
* tachniqus and the Heterodup!ex Mobility Assay (HMA)

. RFLP ana!_y'sis relies or the identification of nt changes that destroy @ known
* restriction enzyme recognition site or create novel recognition sites that can then bs
_cleaved by selected enzymes. PCR-amplified fragments are digested with a single

. or multiple resiriction enzyme(s) and the resulting fragments are separated on
 agarose gels, This approach has been successfully used by Mori, T. et al. (1994) to .

- differentiate between wt and vaccine strains. The technique is easy to perform and

‘results are generated rapidly. However, it generally depends on the. detection of
single mutations only that could alter restriction enzyme reoognitlon The loss of a
 previously present slte or the crestion of a new restriction site can subsequenﬂy be .

- detected by the differences in resulting cleavage fragments on an agarose gel,

The HMA technique was iritially applied to defect deletions and insertions in humen
genes (Prior, T.W. et al.; 1993; Soto, D. and Sukumar, S., 1892; Ruano, G. and -
Kidd, KK, 1992) and more recently in time for analysis of genetic relationships
~ among HIV isolates (Detwart, E.L. et al., 1863; Strunnikova, N. et al., 1995). The
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- --technlque uﬂllses polymorphlc drl’ferences in fragment mobillty relatlve foa fragment :
- of knawn sequence. To obtain heterodup!ex formation, PCR amolified fregments '
from known end unknown ieolates are mixed together, denatured and then re-
annealed The resulting heteroduplexes show différences in migration due to the -

. gifects of primary sequence changes forming mismatehes which cause bulges in the
'ds DNA fragment. The location, type (transition or transversion), the actual number
- of mutations and the spacing between mismatches influsnce the mobility and
migratiors pattem of héteroduplexes in a non-denaturing gel electrophoresis (Lilley,
D.M.J,, 1995; Hsieh, C.H. and Griffith, J.D., 1989), Thus, the HMA allows the genetic
: screan:ng of unknown DNA fragments in a sequence dependent manner (Whlle S
: M B. et al., 1982), '

. The HMA proved to be the most useful technique for screening and assigring
individuat MV isolates tc genetic groups. A total of 97 isolafes were genotyped, 47
. of whlch were confirmed to belong to the predicted group by sequence analysis of -

either the carboxyl-terminus of the N gena or the entire cading region of the H gene.
The methodology for both RFLP and HMA analysis are described in section 2.6.

3.3.2 RFLP analysis of South African measles virus strains

' RFLP analysis has beer used praviously to genstically characterise MV on the basis -
of mutations in the H genes of viruses belonging to different genetic groups (Man,
T., 1994; Saito, H., et al., 1985). In this study, the carboxyi-terminus of the N gene
was used to charactorise South African MY isolates, However, a number of variable
regions of the genome could be used for RFLP. By generating restriction enzyme
-~ maps of the relevant genomic region, restrichon pattema unique toa certam genetic
- group could essily be identifiud, :

* Table 3.5 shows the cleavage patterns for the 3 genetic groups of MV currently
circulatinig In SA. Consensus seguences weare creatad for these 3. linsages and used
to generate restriction enzyme maps. Con-A includes gmup 1 viruses that are
 related to vacsine strains, Con-D5 included 6 wt strains which are distinct from the
"majority of SA strains which belong to Con-L. To confirm the results regardlng

cONsensus sequences original sequences of several isolates were used to -

generate restriction maps that were compared to the ones obtained for consensus
sequences. Suitable enzymes for cleavage of the origlnal sequences were mosﬂy
identlcal to the ones shown here _ :
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'Table 3.5 sumrnarlses the group-Speclf‘ c ﬁ'agmernt sizes that were obfained upon

" cleavage of the carboxyl-terminus of the N gene (456 i) with the listed enzymes;

.~ In" addition to the enzymes menhoned beluw, further enzymss were identified
- resulting in specific fragments that wouid dlstinguish 2 orall 3 of the South African
genetic groups. For reasons of stmpncﬁy only some of the suitable enzymes are :

presented

: ;!'_a_bla' 35 Fragment sizes and cleavage sites within the carboxyl—tenmnal 456 nt
- of the N gene on consensus sequences of 3 South African genatlc_
B graups for se!ected restnction enzymes.

" Enzyme . Con-A

Cone

R

‘Con 5 _ dlﬁarantlate.s.betwaa.n:
0 . ) R
Bl -(488)  441(15) 441(15)  vaccine versus wt
 Ddel . - - ey
. 83(83)  63(89) © 83{42)  wigroupi versus
364 (281) 364.(281) 364 (281)  vaccine and group.
405 (41) 405 (41) 405 (41) 5 _
| (4 (@) “)
CHaslll 242 (242) - - (456) 302 (322) il 3 groups
' - {214y - - 875(53) _
o - (81) |
Mspl . 280(239) 299(289)  239(289)  vaccine versuswh
U aBd(41) - (217) - o

. cort: tonsansus sequence.

'aizes of resulting fragrnents are glven Iri brackets behind the Jocation of the c!eavaga site

Furlher restrlctlan enzyrnas that could distmguish betwean wt and vaccine—lnke_ :
virusas of group 1 were Afll and Cfr131. Howsver, soma of the fragments created by
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thése enzymes differed only by several nt between distinet genetic grdups so that
it was difficult to visualize the difference in size on a 3% agarose gel. Bg! I, as
shown in Table 3.5, cleaved the. ce"boxyl-tenmnal 456 ntofthe N gens at position
441, This s one sxample of an enzyme not suitable for routine RFLP analysis since
_ the differences in size of 1 5 bp between different groups were difficult to detect on
an agarose gel. F.ther enzymes. for different:atlon between group 1 and group D5 .
strains were Avrlt, Bbv, Cfr1 31, Nspl Styl, and Frm4Hi.

| _'Haem At ., and Pal were tiva only enzymes that could distinguish between
. all 3 South Arrican genetic groups Three of the above mentioned enzymes have

been used to diférentiate between wi and vaccine viruses (data not shown) but
"Haollt proved to work best chause of the sizes of fragments generated after
: claavage ' '

Fig. 3. 14 1llustrates the Haelll oieavage fragments for selected strains representing o
the 3 genetic nrrmps currenﬂy present in South Africa. The vaccine strains Schwarz
and2 SA». -+ . as of this group 1 (A) wera cleaved: into 2 fragments of 214 and 242
~ bp.ingro. - siruses, the Haelll restriction site was abolished by a C-T mutation
 at positior 244. Group | viruses too, did not contain this recognition site at 242 but
~ due to conserved mutations at positions 322 (A-~G) and 375 (A-G), 2 new Haelll -
restrlctlon sites ware created. This particular enzy e proved to be h:ghly suitable
 for clear divcrimlnation between 3 viral groups :

_ Fig 315 shows cleavage results far Mspl digestions. Mspl cleavage differentiatad
between wt and vaccine-related strains of group 1. These viruses were cleaved into
3 fragments of 45, 172, and 239 bp In length. Wild-type strains, irresper-twe whether

" they belonged to groups | or D5 were cleaved into 2 fragments of 217 and 239 bp,

* This difference in size of the various fragments could be visualised on a 3% agarose
' gel
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Fig. 344  RFLP analysis of solected stralns of 3 distinct genetic groups.
' " N-carboxylierming! fragments wers cieaved with Haelll and separated on a 8%

- agarose gel.

|

 Uhb25/96
Jnb1/89.

| Ihb1/89 .
Jhba/a7

k JhbS1/98
Jhb2/94

B =4
[*]
[2)

A4 500 bp

| . 4—300 bp
B o 200 hp

 Thy. 316 .'_C!awage of catbﬁxyl—t'enmnai 456 nt of the N gene of rgpfeseﬁtatives from 3 South

. African ganetlc.groups-,.dlgestgd with Mspl.
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o 3;3‘.3 HMA screening of'meaSIes vir'us- -

: HMA analysus has prewously been used to assign HIV HGV and Poho \nruses to
different groups or clades (Novitsky, V. et al., 1996; Louwagie, J. et al, 1994 '

o “Buanaguro, L. et al., 1995; Delwart, E.L. et al., 1994; Chezzi, C. and Schoub 8D,

1997). In this study, HMA analysis has been applied to the genetic characterisation

~of MV isolates belonging to different lineages. The methodology described

previously by Delwart, E. et al. (1994) had to be modified in order to sensitise the -
- method for detection of heteroduplex fragments of MV in gel electrophoresis, To find
- .the optimal conditions for maximum separation of hetero- and homoduplex
fragments, several methodologies were tested including different annealing

protocols, different gel matrices and varying elecirophoresis conditions. Fig. 3.16 i -

'shows diagrammatically the formation of homo- and h_ateroduplex bands,

. {1 apecles} . (2 species)
. L ' ' ' et
oo 2 2 oo
T B "‘. : A B

Denammﬁonis min at 85 o0

. ' » Reanaalllng.hvaslow e |
. o ) / " ocooling atep \ © Hewnoduplex
L S Y, 1 8 MM

A

Fig 3.16 Diagram showing the principle of hoteroduplex and homoduplex
'  formation during HMA analysns
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. The CDﬂdlt[OﬂS described in section 264 were fourid to be ept[rnel for pre-screening
- of MVs. The MDE gel matrix proved to be superior to polyecrylamlde gels (data not
shown),: providing a higher resolution rieeded to detect heteroduplexes formed
- between South African MV strains which varied at most by 4.9% in their nucleotide
_ sequences and the the Schwarz vaccine strain. Best annealing results were
_ obtained without the addltson of anneahng buffer and by a very slow coelmg stepin
a pre-heated water bath,

(") HMA analySi's of Sout'h Afrit:'an measles virus strains

~ Fig. 13,17 shows the heteroduplex formation of South African MV PCR-amphf ed
fragments of the carboxyl-terminal 589 nt were first heat~denatured and then -
~ annealed to the corresponding fragment of the Schwarz vaceine strain by a slow
~ coofing step. Homoduplex bands stained more intensely since they contain double
the amount of DNA compared to the heterodup!ex bands (Fig, 3.186).
The Isolates analysed by HMA broadly fell into 3 different banding pattems, 2 of
which indicated distinct heteroduplex formation and 1 pattern which showed the
* formation of a homoduplex band only when comparsed to the Schwarz-homoduplex
ccontrol. The 3 patterns were designated group | (1 or A), Il (D5) and Il {l or 7). -
'Lanes 2, 3, and 4 in Fig, 3.17 illustrate the formation of homoduplexes of the 3
strains- Jhb2/88, Jhb2/89, and Jhb38/85, respactively when mixed with the Schwarz -
vaceing strain mdicatmg a high sequence homology which was confirmed by
_— sequence enalys1s of the H and partial N genes, Group !l was represented by 4 wt
- .isolates Jhb1/86, Jhb'UBB Jhb1/89, and NC1/95, which have been discussed
previously in section 3,1. The 2 remaining strains belonging to this genetic group
~ (Jhb4/97 and SA168/78) also revealed the characteristic group il migration patierns
 (data riot shown). The heteroduplex fragments of group il viruses and the Schwarz
reference fragment migrated as a single band which was retarded relative to the
‘homoduplex eontrol Group HI teteroduplexes mlgreted as typical double bands.

. HMA hetween 1solates within the same genetic group y[elded homoduplexes onIy _

: (Ianes 15, 16 and 17). The degree of nt divergence between the group Il pair
Jhb1/86 and N1;1/05 {lane 16} and the group I pair Jhb29/95 and Jhb73/95 (lane
17) was 1.6% and 2.9%, respectively while the group | pair Jnb2/88 and Jhb2/6g
 were almost identical to each other, Thus HMA appeargd to be only abie to detect
divergence greater than 3. 0% when analysing SA MV wt strains. Predicted amino :
acids were aligned for SA viruses &% was dlscussed in chapter 3.1. '
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Fig. 3147 HMA analysis of South African measies virus strains

- Tk'= analysis indicated that group it MV/s ¢ -ied 3 nt substitutions at positions 18,
253, and 321 (G-A sitent, G-~A coding, and C-A silent, respectively), which were
characteristic for this group only. The recent lineage of South Africarywt showed 3
characteristic coding nt substitutions at positions 138 (C-A), 238 (A—-G), and 419 .
~ (C-T), which were distinct changes for. this ‘genetic group | (7). These results
: suggest that the changes chare; teristic for either group might be responsible for the

~ formation of specific bulges and Kinks in each genotype which subsequently
determine the mobilities of heterodupiex fragments. Although the individual isclates
within a genotype differed by scattered mutations throughout the analysed region

' of the genaime, it appears that only the above mentioned substitutions alter the
compo'sition of mismatches enouh fo be detected by HMA analysis, S

To determine the effect that a different reference stram would have on mtgratlon

' pattems of the analysed isolates and to investigate whether the use of a reférence
strain other than the Schwarz vaccine straln would allow discrimination between
viruses within 1 of the 2 wt hneages, heteroduplexes were formed between South
African MVs and 2 wild-types from the USA, Chi1 and JK (provided by Dr P.A, Rota,
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' CDG). A selection of the group |, 1! and II} viruses were therefore annealed fo aither
Chit or JK. Mobility of heteroduplexes formed with either of the 2 American strains
‘was clearly different comparec to heteroduplex fragments with the Schwarz vaccine
- strain, but confirmed in all cases the established groupings of the examiried isciates
- {data not shown). Lanes 20 and 21 {Fig. 3. 17) show the migration paiterns of 2
~ South African wt MV {group Il and group Ill) with the American wt strain Chi1
{genetic group D2 or 2). Thus, using Chilor JKas a refarence fragment the same
~ groupings of viruses were obtained, but differentiation between strains belonging to
-1 genotype was still not detectable, supporting otice more the observation that the
- composition of substitutions within 2 fragirents of relatively high si~ larity rather
than the absolute number of changes. influences the mobility of formed
heteroduplexes. : :

- Group il (7 or )

| Sch + Jhb23/96

Sch +Jhb24/98°
Sch + Jhb25/96
- Soh + JhbZ6(98
Sch + Nalal1/96
& Sch + Natald/96
Sch + Natal7/96
‘Sch +Natalg/9s
# Sch + Natalg/os |
i Sch + Natal10/96
Sch + Jhba/ee
Sch + Jhb76/95
Sch + Jhb2194 o : _
Sch + Plat/e5 '

g Sch
"P‘?" S!h + Natal12/56 .

 4—Htrodipiexan
. Hnmuduplax.

12 3 4567809 10M1213 14 15 16

F_ig. 318 HMA anély_sis of recent measles virus strains from S_duth Afric_é!.'




_ 33Genslicsorsening - )

~ Fig. 3.18 presents further HMA results for MV isolates made in 1998, Most strains
tested in this analysis displayed the doubie_heter‘odupléx_bahd that was shown to
be characteristic for South African group Il (7} viruses. However, 3 strains from
Natal (Natal 1/96, 4/96, and 12/96) showed a wider spacing between the 2
 heleraduplex bands. These strains were therefore sequenced to dstermine whether

~ unusual nt cranges could be identified that may cause this different migration

pa’ttem ‘According to sequence and phylogenetic analysis, these 3 Natal straing
clearly balonged to group il (i-or 7) viruses {Fig. 3.4). However, they carried an

additionai C~T mutation at position 420 of the COOH-terminus of the N gene, - '

adjacent to another C-T replacsment at position 419 which was present in all other
strains of this genetic group. Since no other significantly different changes were
. found, this double mutation at position 419 and 420 must have caused the shift.

' betWeen the heteroduplex bands. ' : '

- Clinical sarnples of which the carboxyl-termmus of N could be. amphf ed in 1

fragment (as discussed in section 3.1.3) wete also analysed by HMA. Two further
. sera that were collected in 1978 (SA414/78 and SA572/78) revealed a banding
patiem identicat 16 group Il strains and can therefore be grouped with lineage | (7)
- (data ncvt shown)

A total :':f g7 samples were analysed by HMA, Four isolates were shown to balong ©

ta group 1, 6 strains formed group D5, and the remaining 85 sampies provedto be-

part of the major genatic linsage in South Africa (! or 7). Twao clinical samples from

. the Eastern Cape and Windhoek, Namibia were shown to be related to lineages

- ather than the 3 circulating in South Africa. Table 3.6 summarises genotyplng rasults '
~an ail Speclrnens that were analysed for this study
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Taplels.e_ Sum.nary of genet:c group:ngs of measles wrus strams analysed by

HMA and!or sequencmg
Orgin ~ - -~ year ftotal . - Groupl (A) Gmup D5 Group7() other
OISO ne, o o m

?, South Afica . 1978 4 1 3 -
Johanreshurg ... 1984 1 - - 1 -
_ : 1988 1 . 4 - -
1988 2 1 i . .
1988 2 i 1 - -
1604 3 - . 3 .
. 1995 51 1 L - 50 -
1098 16 1 15 i
_ {987 2. - 1 1 -
Natal g5 1 1 . .
o 1998 7 . - 3
- Mpumalanga '_1_995_ 3. “ : - .3 -
Durbe.t . - 1997 1 . A -
Eastern Cape qe87 1. - - e
Namola e 2. - - 1

T 7 4 8 8 2

(8) HMA analysls of measles virusas from 8 different genetic groups

 The HMA hes been shown to be & successﬁjl method to nellably distinguish between
MV strains from South Africa that belonged to distinct genstic groups. This study
was undertaken to determine whether the HMA could algo discriminate between MV
isolated from 9 different oountnes that were known to beiong to8 d:stinct uneages

The pmctueal work for this study was carried out at the Centers for Dissase control
and Prevention (CDC) in Atlanta during a study visit in 1997. The reagents and MV
strains that were isolated in countries other than South Africa were kindiy provided

- by DrP A. Rota and J. Rota. Information on these zsolates is summarised in Table = '

37
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Tuvle 3.7:  Measles strains from 8 ge’n.e_ﬁc groups used for HMA a_r'a'ai'ys'is' '

- No. "Name  Country =  Country - Date. Genotype
' - ofisolaion - oforign . ofisolation .- .
1 Moraten UsA . USA 1088 1
2 Argtiest o St
.8 Jhb25/96*  SouthAfica - South Africa ' 1998 1
- & CA1990° USA . 1990 2
5 - TX11988° USA ' 1989 2
8 WA®SM4/98' USA Japan 1996 3A
7 MAM20ig8' USA unkriown 1996 3A
'8 NMiiSLeE' USA ‘unknown - 1985 3B
9. - COT904 o 1804 <
40" NY:3/31/86' USA ~ Austda 1998 4
11 AK:2M6/98' USA ~ unknown 1998 4
12 . MNi12/8/05' USA _ unknown =~ 1895 5
13 NY4/406'  USA ' Germany 1998 5 .
14  Gambia1086 Gambia - Gambia 1901 8
- 18 . Y22 - - Cameroon: Camerocn 1983 B8
18 . PAMR4/T o o ' . 1897 7
17 WABM2/98' USA - -~ Pakistan 1995 7
18 §32/Chinz® China . China 8 g
49 - 938/China® China . China _ ' 8 ;
- . 20  Jhb33/86 South Africa South Africa 1996 ki f
21  Jhb2/84*  SouthAfrica  South Africa 1984 7 :
Ref’ : 1 Rota,.ls ‘personal mmmunicat!nn. 2Kreis.s ei,al.. 1997 aRuta\, .Isetal
R : 1997. Rota P.A, et al.199 "xu W-B., personal cummunicatlon C

' The HMA resu!ts for selectad MV strains from Table 3.7 representlng 8 ganotypas L
"are shown in Fig. 3.19. Distinct migration patterns for the hetrodupiexes becarre
~ evident for the different genotypes and are discussed below. HMA results: _.
correspnnded in all cases to sequencing results and thus conﬂnned the reliabillty of =
. this assay for rapid genotypmg of MV |snlates
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Fig. 3.19 HMA analysis of viruses representing 8 different genotypes.

Al PCR-ampiified fragments of the COOH-terminus of the N gene were annealed

. to Moraten, a vaccine strain that has been used in the USA for many years. Lane 1
: (F1g 3. 19) represents the homoduplex control of the reference strain (Moraten) only '

Lanes 2 and 3 show the mlgrat:on pattams for 2 vaccma-tlke strams When mixed - '

‘with the vaccine strain Moraten, the 2 strains Jhb25/96 and Arg1199 (Table 3. 7) only

- revealed homoduplex formatlonl 1ndtcattng thelr close relationship to group 1 (A)

viruses, wh:ch was confirmed by sequence analyszs The remaining lanes in Fig.
3,19 show the differences in heteroduplex formation and subsetuent migration for

2 selected wt isolates from each genotype (groups 1 to 8). The 2 isolates .

representing gerotype 2 (CA 1990 and TX-1989) had identical heteroduplex

format:on apart from & non-spacl’r“ ic band in TX-1989 whlch mlgrated below the :
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_ heteroduplexee (lene 5) This band mest likely represents an unspecif‘ c PCR

~ -amplification product that did not interfare with the formation of the group-speeific
heteroduplexes. Nona-specif'c bands can easily be identified by comparing specific -
heterodupiex bands to the bands present in the homoduplex control for a certaln .
strain, : :

Lanes 8 to 9 show wat the HMA was able to distlngulsh subgmupe (3A a d SB)
wnhln a genetic fineage. Although the top band of the heteroduplexes forall 4
_ viruses from this genotype (3) migrated equally, the lower band ran faster n

. subgroup 3B resuttmg 1n a dlfferent spaclng betwsen the 2 bands for both

subgroups

AK 2166 migr_ated with & single heteroduplex band, whereas NY:3/31/96 showed
atypical double band with the 2 bands migrating closely together (fanes 10, 11). The -
nuclectide (nt) alignment for these viruses illugirated that these 2 strains were
identical exoept for 1 nt change in NY: 313/96 at position 189 (A~G) which probably

- caused the formatlon of the double heteroduplex bands (data not shown). Migration

of both isolates was identical apart from this tight second heterodupiex band.

La_nes ‘14 and' ___15 show HMA 'res_uits for'Afncen strains from the Gambia and
- Cameroon that both revealed a distinct mobility pattern of heteroduplexes. Lanies
16 and 17 represent members of group 7 inciuding WA:6/12/95 from Pakistan. The
relationship of isolates from Pakistan to the South African wt viruses of this group
" has been discussed before (chapter 3,2). The HMA migration of this isolate is
~ identical to 2 SA strains in lanes 20 and 21 illustrating their genetic relatedniess.
~ Group 8 is represented by 2 Chinese viruses (lanes 18, 19} that are very distinct and
_ do not seem fo resemble to any other genetic group (Bellini, W.J. and Rota, P.A.;
- 4998), 93F {China had multipte non-specific bands which made it difficult to detect'
the spec fic heteroduplex band that was seen in 932!Chma '

In summea'y. HMA proved te be a suitable teehnlque to reliably determine genetic

grot.tplngs of multfple samples within a short pened of time. In order to be able 0 -

assign new isoiates accurately to a certain genetic group, representatives of these

- lineages would have to be analysed i in parallel to sewe as reference standarde for
each genetic lineage. :
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3.34 Discu'ssion-

___The goat fo controf and eventually eradncate MV hes been pursued by the WHO for -
a number of years. Serological as well as molecular epiderniological survaillance
- plays a critical role in any attempt to achieve this goal (as discussed in chapter 3.1). )
- The knowledge of MV genetic groups indigenous ta a country will enable us to
~ establish the geographic arigin of viruses associated with residual cases of measles -
~ as successful vacciriation programs reduce the mcldenc.e of the virus. The standard

. method for determination of MV strains variations has been sequence analysis of the

'carboxyl-terminus of the N gene or the H gene. Particularly in’ Africa, se';aenclng
facilities are not commoniy available to clinical laboratories. “Therefore, there was
a nwed th develop simple, cost-effective, rapid and relizbie techniques to genetically
characterise MV. Using such techniques, researchers or medical personnal in poor -

- . resource settings would be able to rapidly screen a great number of cases and

- select samples that need to be sent for further characterisation by sequencing
analyms o

In this study the RFLP and HMA techniques were applied and evaluated to predict
genetic groupings of MV isolates or clinical samples. Analysis was focussed on the
PCR amplified carbox,"-terminal 589 bp of the N gense. [t has been shown that thia
- region is the most variable of the MV genome and therefore suitable for strain
- characterisation (Grn_‘f‘ n D. E. and _Bellinl, W.J., 1996). Seventy-eight samples,
collected between 1978 and 1997 in South Africa and Namibia wers included in this -
study, Bequence and phylogenetic analysis performed on 47 of the 78 wruses '
confirmed the HMA and RFLP results in ali cases, '

‘Overview of screening fechmques other than RFLP and H MA

' Apart from the techniques presented here other methods have been described for
- genetic screening or detection of point mutations in heterogenous samples. Single

strand conformation polymorphism (SSCP) ot dideoxy fingerprinting (ddF) could -
" have been used alterriatively to the HMA, SSCP allows for the detection of single

 base substitutions by denaturation of ds DNA and immediate electrophoresis on a

nordenaturing gel (Spinardi, L. et al., 1991; Orita, M. et al., 1989); simitar to RFLP

analysis. The advantage of SSCP over RFLP s that it can detect single base
substitutions at a. variety -of positions in DNA fragments. Howaver, the $SCP
technlque involves the use of radioactive material and therefore restncts its
- appilcation to specialised laborataries only. The ddF screening method is a hybrid
~ betwean SSCP and Sanger dideoxy sequencing. It is very effiri« .t but relatively
- complex and also uses radmactlve isotopes (Blaszyk, H. et al, 1994). RNAse
protechon or mismatm assay is one ef the early screemng methods and has been
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- used to assess heterogensity in RNA viruses. RNA is cleaved Ly Rnase A at a

mismatch site in a RNA probe hybridised to mutant target DNA. This method -on‘t_y" -

. ;Ietec_;s 70% of mutations and is demanding as well as it involves tonsiderable
~_-amounts of radioisotopes (Myers, R.M. st al., 1885; Aranda, M.A. st al,, 1985). One

of the few non-radioactive screening technigues is the low-stringency single specific. | _
primer PCR {LSSP). This special PCR application takes advantage of of limited : -

number of base differences in PCR fragmente. By reamplification of the DNA ata
very low: annealing temparature (3040 °C) in the presence of excessive amounts of
a single primer and Taq polymerase, specific gene signatures are generated. The

" mode of action lies in the fact that extension of partial hybnds betweeri primer and -

template takes place by the thermoresistent enzyme bsfore actual disseciation of the
- illegitimate combination between the 2 DNA molecules. Thus, a novel DNA template

is created in a specific, ssguerice dependent manner (van Belkumn, A., 1995; Pena, '

§.0D.J. et al., 1894). As part of this study, LSSP was also evaluated for use in MV
~ genotyping (data not shown). Sereening resuits obtained with LSSP were
dissatisfying, resulting in too many bands on t_he gel as well as smear of non-specific

* DNA making it difficult to distinguish and read the results, Group-specific differences -

in the banding pattern for the MV strains analysed could not clearly be detected.
Further scraening te'chniques'h_ave been reviewed by Cotton, R.G.H. (1992},

RFLP anafys;s _
RFLP analysis of selected MV strains was perforrned on the ca urboxyl—tenninai 589
bp of the N gene. Previous studies have focussed on partial seéquences of the H

gene and wsre able to distinguish wt from vaccine sirains and different types of-

hemagglutmaﬁon types (Mori, T., 1994; Saito, H. et al., 1995). The RFLP method is
easy to perform and, except for PCR facilities, does not require sophisticated
Iaboratory equlpment Purified PCR fragments were digested with selected
" restriction enzymes. Gonsensus sequences were created for the diffsrent genstic

. groups and a restriction map was generated on these sequences by the WDNAsis '_ -

prograrn. By comparison of the restriction maps for the 3 groups, enzymes that were
suitable for differentiation of lineages could easily be specifi ied. Several restriction

enzymes have been identifi ed for this. purpose and were listed under 3.3.2. Haelll
appeared io be most adequiate in distinguishing between the 3 genetic. groups of MV -

cun*ently circulating in South Africa, resulting in restriction fragments of a size that
could readlly be detected on standard agarose gels {2-3%). The technique is simple,
“affordable and produces results rapidiy. However, RFLP analysis can only take
single, previously known nt substltutlons into consideration. If a certain mutation has
a heterogenous distribution betwesn individual strains belonging fo 1 genetic group,
'RFLP can give conflicting and misleading results: Therefors, the selected enzymes

for RELP ana!ys:s should ideally target hlgh!y conserved changes within genetic | '
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. groups. However, if only such conserved substitutions are object of the analysls, it
~ © may be difficult to find adequate restriction enzymes that could cleave at the relevant.
sita, Thus, it seems that, even though RFLP is a feasible method, the HMAis the
' more versatile and nehable technlque for genetic characterisation of MV

| HMA anafys:s ' - ' :
Several protocals for HMA have been described for detectlon o point mutatlons and

. single deletions or mserhons in various human genes (Pnor TW. etal., 19¢3; Soto

D. and Sukumar, S., 1982; Warig, Y-H. st al., 1992). Furthermore, the MMA has -
been used successfully for discrimination between HIV subtypes and quasispecies
~ (Delwart, E.L. ‘et al., 1993 and 1994) as well as for differentiation of Polio vaccine-
related and wt viruses (Chezzi, C, and Schoub, B.D., 1997). This simple but efficient
~ technique relies on sequence differences between an unknown and a refererice
“sequence that result in mismatched base pairs. The m:smatches form bulges and
- kinks in the RNA or DNA molecuies that are causing an slectrophoretic retardation
(Lilley, D:M.J., 1995; White, M.B. &t al., 1992), Important criteria for heterodupiex
formation are both the number and the position of mutatlons within the ana[ysed
- region, Gaps formed by unpaired nt have a greater effect on heteroduplex mobility
~ then simply mismatched nt (Hsieh, C-H. and Griffith, J.D., 1989). Base pairs
neighbouring a mismatch can affect the degree of kinking catised by the unpalred
pair and thus alsa impact on the resulting mobility (Wang, U-H. and Griffith, J.D.,
1891). Furthermors, it has besn shown that purine-bulged bases produce greater
electrophoretic retardation than pyrimidine bases, The simplest explanation for this
phenomenon is that the bulge-induced kinks are relatively static, with the kinking
- angle being greater for the purine bases due to their greater size (Wang, U-H. and
Griffith, J.D., 1991). Finally, Bhattacharyya, A.-and Lilley, D.M.J. (1989) have
demonstrated that the type of substitution {transversicn/transition), its context and
- its positiors in 8 DNA fragment affect mobilities of heteroduplexes, Mutations at the
termini of a fragment generate a greater retardation than those located in the centre
Thus, the HMA allows for screening of heterogenous fragments in & 7juence
dependent manner and- in contrast to RFLP analysis- can reflect the ype and
‘number of all mutaﬁons in the electrophoretlc rmgretlen patlems of the

' _ | _ heteroduplexes.

HMA analysi. of South African measfes strains:
HMA wag psriormed on 78 samples, 47 of which were oonf rmed by sequenee .
analysis, The strains analysed showed 2 distinct heteroduplex migration patterns,

Group 1 (1 or A) isolates did not form heterodupiexes but migrated as homoduplex -
- barids only, when arinealad to Schwarz, indicating the close similarity of these
viruses to vaceine strains. _Wld-type MV from South Africa fell into 2 HMA groups. .
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= D§ (greup iI) viruses showed a smgle heteroduplex band Whereas garoup llI (7) .
* migrated with the more typical double band. Although some scattered mutations -

. were detected when comparing individual strains within a genetic group, they - o

- generally dlsplayed identical hetert duplex mobilities, demonstratmg that these
changes did not influence the mobility of heteroduplex fragments. The formation of
- distinct migration patiems is rather affected by the majority of spscific mutations that
~_are common to all members of a certain lineage. However, the nt repiacement C-T
“af position 420 in 3 isolates from Natal caused a shift of the upper heteroduplex
' band, as was shown in Fig. 3,18. This mutation was adjacent to another G—'T_"_

- replacement that was present in all of South African group | (7) viruses. The double . |

~ mutation in the Natal strains could caus= a considerable increase in the size of the
- bulige at this position and this could certainly affect the retardation of the

heterodupiexes. However, the lower band of the 2 heterodupiexes remained
- unchanged and iy the upper band was slightiy shifted resulting in a wider spacing.

~* This proves fhat ever single peint mutations can bs Astected by HMA if they affect

the composition and size of bulges or Kinks. Apart from the Natal isolates, no
- difference in mobiiity of heteroduplex bands could be detected between individual
isolates of the 2 South African wt groups and thus a standard curve could not be
~ constructed in order to calculate genetic divergence by measuring different
heteroduplex mobilities, as it has been described previously for HIV (Delwart, E.L.

et al.,, 1994; Strunnikove, N. et al,, 1995). The HMA, applied to MV, could clearly
distmguish between viruses grouplng in differsnt lineages ' but faited to discriminate
between viruses of one genetic group. Althotigh the sequences variation within
group |} (D5) and It (} or 7) could reach up to 2.5%, this did not cause a detectable
shift in mobility, when wt fragments weré annesled to the Schwarz N géne fragment,
~ The reasons for this are several, Firstly, absolute sequence variation between

measles viruses is relatively low, comipared fo other RNA-viruses or HIV (Delwart,
E.L. et al, 1985) and averages at mcst 8.0% in the carboxyl-terminus of the N gene.
Geographically restricted MVs from 1 country or region, which group togetherina
distirict lineage, vary to an even lesser extent, with an average of 1-2% divergence
" in their sequences and thus- separation of heteroduplex fragments cannot be as
. effective as in HIV, that can differ up to 35% (Buonagury, L. et al,, 1995), Secordiy,

deletions and insertions in the N géne are extremely rarg and were not detected in” -
any of the South African isolates. These types of point mutations create gaps,

. leading to the forrmation of more kinks, which subsequently affect migration patierns

_far more than simple substitutions. HMA analysis was also performed on the entire

codmg region of. the N gene (data not shown) which did not prewde sufficient

resolution of heteroduplex fragments. This was probably due to the fact that parts

- oftha N gena, especially tha amino-terminus are very conserved and do not display.
a sufficient number of rnutations- relative to the total sze of the fragment (1683 nt)-
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e éuow for strein differentiationQ

. HMA analysis of My strafns representmg 8 genetrc groups:

- The feamblllty of HMA analysis for differentiation of MV belonging to 8 dlfferent Ce

_' _ o genetic grolps was mvestlgated Results indicated that the HMA is a highly smtab!e _
' -tec:hmque for repmducuble and rapid differentiation between all viruses tested. Even

- yiruses - grouping. in different subgroups within a given ganotype could be

. . distinguished in most cases (group 3). Thus, the- HMA allows for effectlve scresning
- and rapid assgnment of unknown isolates to the various genotypes Furthermore,
- pmman]ng of muitiple specimens from 1 country or frorn an outbreak using the:
HMA can Identify similar strains and out-groupmg isolates and thus can help reduoe o

B ..the amount of sequenc:ng anaiysis needed for further mvestagations
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CHAPTER 3. 4 ANTIGENIC PROPERTIES OF soum AFRIGAN -
MEASLES VIRUS HEMAGGLUTININ FROTEINS |

341 l_ntrodut:tidn'_. .

The MV H proteln is a type It transmembrane glycoprotein and its antlgenlc :

-propert!es have been shown to vary between strains from different genetic groups

- (Hu, A etal, 1984; Tamin, A et al., 1894). Variations affecting efficiency snd salt-
. dependency of hemagglutmatmn, loss of binding fo specific mAb, the wmolecular

~ waight of H proteins, and the ability to downregu_’a_te CD46 have all been described
(Saito, H. et al., 1892; Shirodaria, P.V. et al., 1976; Sakata, H. ¢’ i, 1993; Rota,

J.8. etal,, 1992; HummE1 KB. and Bellini, W. J 1995; Giraudon, . - ~dWild, T.F.,

1985; Bartz, R. et al., 1997}, However, a study on wt strains from Arnica isolated

. between 1983 and 1684 failed fo show any antlgenic variation of the H protein .
- compared fo the vaccine strains (Glraudon, P. et al., 1988). Spetific maAb against the

MV H protein do not exhibit any cross-reactivity with other members of Paramyxo-

or Morbilliviruses (5 Sheshberadaran, H. and Norrby, E., 1986) refiecting the o

spscificity of the various viruses for different hosts and thus for differant receptors.

- Anti-H mAb have been used in epitope mapping studies to Jocate the functional
~ domains in H and some of these studies have demonstrated that conserved as well

as variable epitopes exist in wt MV strains (Obeid, O. E. et al., 1983; Tamin, A etal,

4994; Hu, A, et al., 1993), The construction of chimeras has been employed by

~ others to investigate and characterise the stability of cross-reactive epitopesinH

(Hummel, K.B. and Bellini, W..., 1895; Bankamp, B., personal oommunlcation) To .

date, the question remains whether these antigenic. diﬁerences together with the

' potentlal loss of neutralising epitopes (escape mutants’?) inight, in the future, render
the cun‘emt vaoclnes meﬂ'ectiva. o

- MV H proteln's from various wt and vaccine strains have previously been analysed .
with regard to the:r molecular walght and the differences in antigenic eprtopes
(Tarrnn A et al 1894; Bankamp, B., personal communication; Hummel, K.B. and
Belkini, W.J., 1995; Rota, J.8. et al,, 1982). In this study, the electrophoretic mobility
of the H proteins of 10 South African MV strains was investigated by Woestern Blot
(WB) (2.7.2) and RIPA analysis {2.7.1). Furthermore, H proteins from 6 South_
African isolates were lmmunopracnpltatadem 6 differerit mAb to detenmna whether

o anﬁgemc epnmpas in H differed ameng SA MV s*rams
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~ 342 Western Blot analysis of MV H proteins

* - Bix South African MV strains were analysed by WB (method discussed in section’ -
- : 2.7.2) and resuits are shown in Fig. 3.20, Total protein extracts were obtaihe'd from
' MV—Infected B95a cells, Electrophoresed and biotted H proteins were incubated with
e _-the mAb B2 {kindly provided by Dr P.A.- Roia, CDECY.  This : antibody
: -immunoprecfp:tates a protein of ~80 kDa and rescts with all MV strains tested so far.
' B2’is = positive contro] antibody that wau expected to recognise all H proteins

- tested. Fig.8.20 shows that all isolates representing the 3 SA genetic groups were
" recognised by mAb B2 with the expected molecular weight of the H proteins of B0 -
- kDa. o S : ' ' ' '
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- ?ig.’. 3.20' Westem Blot analysrs of H protelns from 6 South Afrlcan MV strains
L . and the Schwarz vaccine strain wﬂh the mAb Bz Unmfected Beﬁa '
cells servecl as a controi irilane 1. _
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| - '-Anothar 6 wt fsolates of group ill (l or 7) were aléo analysed by WB (data- not shown)
" -and revealed identical recognition and migration patterns as the ones shown above.

_ - WB analysis cenam!y represents. a feasible mathod to determme the presence of
o antlgemc epltopes a8 well as the molecular weight of certain proteins. However, the

-~ method that hag generally been applied to analyse MV specific epitopes as wetl as
. ihe s:zes of different H protems is the RIP assay.

' 3.4.3 Analysis of South African H proteins by RIPA

Sch -
Jhb1/89
Jhb1/86

FJ.
o
=)
=

NC1/95
Jhb3/es

«— 80kDa

Fig.' 329 _irnmunOprec[p_itétiqn_o_f MV H proteins with the mAb B2. | "
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-~ RIPA analysls involves the precipitation of radio-labelled proteins in solution by -

e speclf c antibodiss. Preclpltated immuno-complexes are then sepe ‘ated by PAGE
.. followed by the visualisation of specific complexes by autoradiography. Here, this L
i :'method has been applied to visuglise MV spacific H proteins thet were prec:tpltated' '

©. - -with a penel of mAb. Fig. 3.21 and 3.22 show the RIPA results obtained w:th the
eelecied mAb, B2 and CV4 antibody on 6 SA MV strains.

_- - All H proteins testeﬁ and shown in Fig 3.21 appeared fo have 1dentieal molecular
= masses_ except for Jhb3/94 . Although there was considerable non-specific binding

in this sampie, the upper band in lane 7 is likely to bie the H specific band, which
~ migrates slightly slower compared tr other wt strains as well as the Schwarz vaccine

o _ strains. A slightly increased mole zular weight has also been showri to exist for -

. several Japanese wi strains when compared to the Edmonston vaccine strain which

~generally has an apparent size of ~73 kDa (Satlo, H, &t al., 1992) as well as for 2 US

- American wt isolates (Rota, J.S. et al., 1992). However, the results shown here

_Indicate that the Sechwarz vaccine strain had an identical molecular weight when

- compared fo the majority of South African wt strains. There is a possibility that the

- Tower molecular weight (~73 kDa) of the Edmonston strain relative to other wt or
vaccine strains strains {(~80 kDa) is a particular property of Edmonston only. To

establlsh whether the increase . in weight cauld be explained by the use of an

addltlonal glycosylation site, the H proteins of several SA MV strains, including
© Jhb3/94 were treated with Endoglycosidase F/N-glycosiadse F prior to

o electrcpheresss {data not shown) as was described previously (Rota, J.8. et al,,

- 1892; Hu, A, et al., 1993). This enzyme mixture hydrolyses several types of N-

- glycans, Dus to the remeval of the N-linked sugars, the molecular weights of ali
- strains iesied were shifted by approximately 4 to 5 kDa. However, Jhb3/o4
continued to migrate slowesr compared to other South African strains, Very similar
results for Endo H or Endo F treatment have been raported (Rota, J.S. et al,, 1992;

“Hu, A. et al., 1993). This indicates that the differential mobility of Jhb3/24 in.gel
eleetrephoree{s was probably not ceused by addatlenal glycosylation.

Flg 3 22 shews reeults obtained with the mAb CV4 which were simiiar to these'.

obtained with B2 except for NC1195 which ‘was not reeognised by CV4 (lane 6). The
incubation with maAbs during RIPA analysis were performed on the same lysates for -
-~ all strains shown in Figs, 3.21 and 3.22. Thus, the failure of CV4 to bind the H
_ protein of NC1/95 was unlikely to be due to insufficient amounts of protein. Ansther
7 w strains were tested In RIF with CV4 and NC1/95 remained the only Isolate that
could not be precipitated by CV4 {data not shown). Again,. Jhb3!94 in lane 7
appaared to have a slig! tly heavier H proteln compared to other SA MVs, Exceptfor

Ere g e
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Jhb3/94, all other South African H. protems revealed the axpected molecular mass.

- of ~80 kDa. The genetic sequences {nt and. aa) of the H gene of JRb3/S4 did not -

P fdispl‘ay any unusual changes that could acoount for this dlfference in molecular
- waight : : - :

Jhb2/89
Jnb1/89
Jh1/86 .
NC1/25
Jhb3/94

= .
O

CV4

Fig.2.22  RIPA analysls of H proteins of SA wt strains with the mAb CV4.

. Flg 3.23 (below) |Ilustrates the preclpltatton results for2 representatwe stralns of
South African MV with 6 different antibodies. The H proteins of Jhb1/86 were
prec[pttated by antibodies 366, B2, V17, ana CV4, but ot by CVZ, and CV5,
Jhb1/85 shows typical results that were obtained for all other SA isolutes ana!ysed
(Table 3.8), NC1/95 showed a simllar profile except for the apsence of the CV4

_ epttope The lack of CV4 bmdmg has also been detacted in 2 recent wt strains from




e Table 3 8 summanses the reacﬂvlty rasults for several South Afncan MV straing with
E apanelofmAb - N

_ 3.4 Antigenic propertles of H proteins ' 8 '- _ 1.24 :

a 'f_'Chma (Xu, W., €DC, personal commun[cation) H gene nt sequences and predlcted
- ., mafor NC1195 and the 2 Chinese strains were therefore aligned {data not shown}.
SR Na 31m|lanty or unusual mutations were found {o be shared betwsen these isolates
Sl _and thus the V4 ep:tope could not be mappad to an exact site within the H protein,

nbies  Netss

< 80kDa |

'Fig. 323 - RIPA results for 2 South Afncan wt strauns, prempitated w;th 6 dlfferent
I 'antlbodaes - : .
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.. Table3.8  Reactivity of MV sirains with a selection of mAb -

VI7 CV2 CV4 CV5  spparentmol.

e |
3
o

Cfgrowpy o . weight (KDa)
. Sch(torAd)” o+ o+ 4+ - & - g
“Jhb25/BB(1orA) + o+ + -+ o " - ~80°
- Jnb1/86 (D5) + o+ . 80
. Jhb‘HBQ (D5) + + + - + - . ~80
- NCi85 (D§) R T 80
. Jhb3fB4(Farl) 4+ o+ o+ - % . igE
. Jhb2/e5{7orly o+ o+ 4+ o . _ ~80
- Jnb3eB(Torly + 4+ - a4 - ~80
 Natal/86 (7orl) +  + + - -
N - = ~80

Natald/o6 (7 or 1)

O 'Tha mAb V17 has pruviomly bean mapped to react with aa 211—291 {Hursimel, K.B and Beliini, W.J.,
. 1995) _ .

- Tamin, A 'stal. (1994), and Bankamp, B. {personal communication} have examﬁnéd_' __ |
 the reactivity of several MV representing 4 distinct genstic lineages with the above

' ‘mentioned panal of monoclonat antibodies. i was demonsirated that B2 and 366

' reacted with H proteins from all lineages tested and as shown hére’_ also reacted with
~ all South African strains analysed. The antibodies B2 and 366 therefore appear to

- target an epitope that is highly conserved between viruses from- different genetic _

groups, CV4 reoogmsed strains representmg genstic groups 1 (A), 5 {C2),3 (D4),
4 (D3), 6 (B), US American MV isclates miade between 1977 and 1989, as well as
* the South African wt strains of group 7 (I). However, the only isclate that could not .

. be precipitated by CV4 was the D5 strain NC1/95, The antibody V17 wes Interesting

- 'since it bound to all SA MV strains but only precipitated vaccine sirains of group 1
-+ (A} in other studies (Tamin, A. et al., 1994; Bankamp, B., personal communicatlon) -
- CV2 and CV5 precipltated all SA strains tested but only recognised few of the -
viruses that were analysed in the studies by Tamin, A, et a! (186 s) and Bankamp,

B (prarsona! commumcation)
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. _'___.'3-.4..4 Dis'c'ussion' -

o o “Trie H prote:n is the major MV antigen that lnduces neutratfsm antxbodles Genetic
e h changes that have accurred in the H gene over time are well documented {Rima,
* . B.K stal, 1997; Rota, J.S. et al,, 1982; Outlaw, M.C. et al., 1997). Currently, many

studles are focussing on the antigenic propertles of the H protein to establish
_ 'whether_ the genetic drift in the gene is refiected in changing antigenicity of the
- corresponding protein (Hu, A et al, 1993 and 1994; Tamin, A, ot al., 1994;
Giraudor, P. and Wild, T.F., 1985). This study sxamined electrophoretic mobilities
of H protains from South African MV strains as welt as their antigenic properties

 usinga pane! of mAbs. Studies are in progress to relate the changes observed to

bmlogucal or phenotypic characteristics, such as neutrafisation abilities and the -

ability of different H protelns to agglutmata red blood cslls.

'!ncreased molecular weight due to addifional g!yaosydaﬂon? '

" Onewtlsolate from group 7 {1), Jhb3/64 showed a slower moblllty in PAGE due to
- & slight increase in molecular weight. It has been shown previously that MV H -

~ proteins display vanable _malec_ular sizes In PAGE (Shibahara, K et al., 1994; Rota,
" J.8. etal, 1992; Saito, H, et al., 1992; Tamin, A. et al., 1984), It was demonstrated
- that the Edmonston vaccine strain had a slightly lower molecular mass than several -
wt isolates from the USA. South African wt strains, with the exception of Jhb3/94,
appeared to have identical apparent sizes relative to the Schwarz vaceine strain.
South African M\f isolates will be compéred to the Edmonston strain in the near
future to establish whether the relafive lower mass is a peoulanty of the Edmonston
wt strain only.
Differential use of the potential glycosy!atlon sites in the MV H proteln cauld have
besh resporlsible for this phanomenon However, Endo F treatment indicated that
additional glycosylatlon in thifs isolate did not affect the mobility of H. Furthermore,
no unusual nt or aa substrtutions were detected in this strain when compared to
~ other SA MVs. The reasons for-this increased weight are not known at present '
- Heterogeneity of H proteir givcosylation has been observed {Rota, J.S. et al,, 1992;
" Salto, H. et al,, 1992) and is believed 1o be determined by the primary aa sequence
_ofHandis probably not dependent on host cell factors (Hy, A. et al., 1994). RIPA
~ or WB analysis are useful approaches to select viruses thiat show differerices in their
apparent molecular sizes or Interesting mAb blndlng charactenstics for further
studies. Tha advantage of the WB over RIPA lies in the fact thet o radloactwity is
~ involved making it less hazardous and it has beeh used before to study antigenic
- properties of MV H proteins (Saito, H. et al., 1892), :
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Specfﬁc epffopes on the H protem _ ' ' A
Several antrbody binding sites and neutrahsatton epltupes on the MV H proteln have

- - been mapped. There appear o be 3 .or 4 partially overlapping binding groups that .

include several specific mAb antigenic' sites (Sheshheradaran H et al.,1983;
Glraudon, P. and Wild, T.F., 1985; Hu, A. et al., 1994; Tamin, A. et al,, 1994). The .
" mapping of point mutations in neutralisation escape mutants as: well as the |
identification of helper T cell epitopes have added useful information to the
knowledge of distinct antigenic sites of the H protein (Obeid, O.E., et al., 1993; Hy,
A etal,, 1998). In this preliminary study, MV H proteins from South Africa have been -
analysed with 6 different mAb to determine whether differential binding
characteristics could be related to the previously known aa changes. A study by
Bankamp, B. (personal communication) showed that monoclonal antibodies CV2 and
CV5 reacted with only 2 and 3, of the 9 isolates analysed respectively. CV2 binding
was also analysed by Tamin, A. et al. (1994), who showed that US American wt
isolates from 1989 were recognised by this antibody, but not isolates that were
obtained in 1977 or 1883, The CV2 and CV5 antibodies did hot bind to any of the
SA H proteins, irrespactive of the year of isolation. Interestingly, NC1/95 was not
recognised by CV4, a2 mAb that otherwise reacied with all MV strains tested so far
{except for the 2 Chinese strains mentioned above). The binding site for CV4 has
not yet been mapped, but the loss of this antigenic site in NC1/85 must be due to an
aa replacement between residue 132 and 524, Alignment of predicted aa revealed
~ that NC1/95 carried 5 unique aa substitutions in this ragion. none of which was.

. datected in other group DS viruses, mcludlng the 2 Zambian isolates (as discussed =~

in chapter 3.2). Four of these 5§ mutations were located between residues 354 and
- 524.Therefore the binding site for CV4 is likely to be located between the
- aforementioned residues. This has been confirmed by hinding studies on chimeras

- between different MV strains, that placed the CV4 binding site within the carboxyl- |

. terminal 56% of the H protein. Bankamp, B. (personal communication) and Tamin,

- A, et al (1994) aiso showed that V17 only recognised H proteins from vaccine
viruses of group 1 (A) Here, V17 reacted with all South African MV strains
representlng 3 distinct genetic groups. 1t is unlikely that the aa substitution at
position 600 {V-E) detected in SA strains of alf 3 groups but in none of the other -
genetic groups (see chapter 3. 2) confers V17 bmding since this change was not

- present in the Edmionston wt and Moraten vaccine strain both of which could be

- precipitatéd with V17 (Bankamp, B, personal communication). Apart from this
change, no epecific aa substitution could be found that was common to &l SA wt
viruses and the group 1 (A strains, it Is therefore more piausible to assume that the

V17 antigenic site was newly created in Soufh Afncan MV strains by mult;ple

- mutations in the apltope regian
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o - Neutra!rsmg epitopes - ' o _
- The target sequence for N-linked glycosylatmn has been shown tohave aN-X-Sor
- T motif but not all of these motifs are used in vitro (Hu, A. et al., 1994), Jhb1/89 and

‘Natal1/96 shared 2 remarkable characterist:cs Both strains carried a sering (S) to
__ proling (P) substitution at aa 189 and this change has been shown to abrogate
' glyoosylatlon of the 2™ potential site in H that originally displays the glycosylaticn
motif N-C-S. Strains with this mutation have been demonstrated to represent
neutralisaticn escape mutants and proved to have a slower mobility in a PAGE than
strains wit Hut this substitution (Hu, A. et al,, -1894). However, altered mobiliies

* were not detected for the 2 SA sirains that exhibited this change indicating that this

ia unlikely to be sole criteria for different mobilities. An aa change at position 189
may also resuil in the possible loss of a linear B cell epitope that has been mapped
 to residues 188-199 (Mékeld, M.J. et al., 1989). However, it is not known whether
the carbohydrates at the 2™ glycosylation site are dirsctly involved in the formation
of this antigenic site (Hu, A. et al,, 1993). Furthermore, the 2 isolates Natal1/96 and

~ Jnb1/89 did not display the 418 mutation. Strains that carry this mutation at residue . .

' 416 carry a potential additional glycosylation site and have been shown to bind
erymrocytes tess efficiently than non-mutated Isolates (Saito, H. et al,, 1992). The
slsctrophoretic mobllltles of H proteins from these isolates wers identical to the ones -
shown .in the results section above. Whether these sfrains have altered
neutralisahon abilities or aitered abillt;es to bind to erythrocytes WI|| be exammed in
the near future.

The st_udy of MV antigenic epitopes on the H protein has identified several regions
that were recognised by specific mAb (Makels,M.J. et al., 1989; Tamin, A. et al,,
1994: Hu, A. et al., 1993). Whether these epitopes relate to functional domains is

not yet known and the role that these antigenic variations may play in the ganeral

o apldemlology of the virus still needs to be established. Variations concerning several

~ antigenic properties, such as hemagglutination efficiency, the presence of T and B
~ cell epitcpes, glycasylation characteristics and others have been deacrlbed above
The blolagical relevance for most of these variations that is observed between MV

- strains from different genetic groups has not been established yet, However, it can

ot be excluded at this point in time, that the accumulation of aa changes In key
immiunogenic epitopes may give rise to escape mutants that might render the current
“vaccines ineffective. Therefore, continued attempts t¢ identify such epitopes and the
knowledge of their vanabllrty between different MV isclates might prove essentaal in
' future
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* CHAPTER 3.6 DIFFERENTIAL DOWNREGULATION OF THE
| - CELLULAR RECEPTOR CD46 BY MEASLES .
* VIRUS VACCINE AND WILD-TYPE STRAINS

3.5 Introduction

CD46, or MCP (membrane cofactor prolein) is a member of the RCA (reguiators of -
_c:omplement actlvatlon} protein family and has been established to act as a receptor
~for MV (Dorig, R., E. et al., 1983; Naniche, D. et al,, 1993), CD46 functions ta recruit
- ahd bind activated C3b and C4b complement proteins, thus permitting their
- _proteolytic cleavage by a plasma serine protease {Liszewski, M.K. et al., 1991), and
thereby inhibiting complement-mediated lysis of the call. Certain MV strains have
- recently besn shown to induce thé downregulation of CD46 (Lecouturier, V. et al,,
1997; Schnelder-Schaulies, J et al., 1995: ‘Schnorr, J.-J., et al, 1995). This -
phenomenon could have profound consequences in vivo, posmbly leading to an

 increased susoephbility of calls to complement-mediated lysis and thius inhibiting the

_spread of the virus (Schnom, J-J. ef al., 1995). On the other hand, a MV strain that
" does not downregulate CD46 may have a selective advantage within the host by
gaining time to complete a fuill raphcat:on cycle thus increasing its infectivity

. _ (Schneider-smaulzes J. et al., 1995). This has also been observed for HIV which, .

by incorporation of either CD48, CD5S5, or CD59 can be protected from complement-

mediated destruction (Saiffudin, M. et al., 1997) Several MV wt strains, especially |

those that were lsolated on BY5a calis, appear to be unable to modulate CD48,
“whereas all vaccine strains tested so far caused profound downregulation of the
receptor on Vero cells {Hirano, A. et. al., 1996; Nanichs, D. et al., 1993b; Schneider-
Schaulies, J. et al.; 1995; Yanagi, Y. et al.; 1994). Sa far, 9 vaccine and vaccine-like
viruses of genetic group 1 (A) have been shown to mors or less effectively
downregulate CD4E from the surface of infected cells. Several wt strains
-representing 5 genetic groups have also been analysed in view of their potential to
modulate CD46. To date, it seems that only Vero grown MV or viruses isolated in
othier monkey-dérived cell lines appear to have the potential to downregulate CD46
(Schneider-Schaulies, J. et al., 1895a and 1995b; Bartz, R. et al., 1998). In this

cortext, & recent study by Tanaka, K. etal. (1 998) showad that the Edmonston strain

did not downregulate CD46 on B95a cells. This is evidence that the celi type used
for isolation, as well as prolongéd adaption of viruses ta non-human cells does .
inﬂuence a CD46. downregulattng phsnotype, as opposed to the ongin of the
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o specimen {throat swab verus FBMC) or the strain of wrus (Buckland, R. and W'Id

- T.F.; 1997, Schneider-Schauties, J. et al., 1995 and 1995a; Tanaka, K. &t al.; 1998).

- 1n view of these results, several authors have recently suggested that a maolecule - -
* other than CD48 must act as a receptor or co-receptor for MV wt strains on
. mammoset B cells (Tanaka, K. et al., 1998; Hsu, E. C. et al., 1998; Buckland, R. and
‘Wild, T.F,, 1987). o
Lecouturier, V. et al. (1997) and Bartz R. et al (1997) have recently shown that 2
aa substitutions within the H protein at positions 451 and 481 can induce a-
~ downregulating phenotyps in-strains that have previausly not been able to modulate
.CD46 (as was discussed in chapter 3.2). However, it -has not been clearly
* gstablished whether these 2 changes, if presentina cartamwt always relate to the

. abllrty o downregulate CD46 ln'espf.-ctwe of the cell typo that is used for |so!atlcn

The ability to modulate CD46 was tested in saVer_al Scmth African MV strains, the |
- majority of which wers isolated from urine or throat swab samples using the BS5a

- celtiine (Table 2.1). Vaccine strains that grew in Vero cells were also analysed and

rasults compared ta those obtainad for the same strains on B95a cells. A total of 9
South African MV strains isolated on BS5a cells, were adapted to Vero cells in order
~ to determine whether the nature of the cell type influences the CD46 downregulating
phenotype. So far, only 1 wt strain hes been successfully adapted to Vero cells.
* Four MV isolates were still being processed at the time of writing and 5 isolates

were considered negative affer 14 passages in Vero cells as no CPE was evident
and samples remained negative by measies specific IFA. To further establish

whether CD46 functions as the sols receptor for wt and vaccine strains on Veroor

Bg5a cells, an infection inhibition assay was performed and results are shown in
section 3.5.4. Studies are still in progress anialysing different cell cuiture systems

o (apart from Vero and B95a) in order to determine whether MV has the potential to

modulate CD46 in primary cells, such as monocytes and dendritic cells.

_ __3 5.2 CD46 downregulatlon by MV |solated on lymphoblastoud celis -

For this study, several South African wt MV strains as well as 3 vaceine strains were
se 1 in BO5a cells. A plague reduction assay (PRA) was used to determine the fitre
¢ viruses (2.9). B95a cells proved to be relatively fragile under the agarvse overlay -
that 15 used in this assay. Cells survived for o longer than 2-3 days under the
averlay and for some viruses this was too short a pariod of time for detectable
plaques to develop. Different med:a and agarose overlay CDmpOSIllonS have been
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-testad and the medmm as descnbed in2.9 proved iobe most suitable for use with
B95a celis. However, tifres could vary by & factor of up to 30 between identically

o repeatsd experiments using the same virus. Therefore, standard senal dilutions of

the virus were also used for infection of monolayers and subsequent FACS analysis,
which was generally performed in triplicate for each virus tested. Potential
downregulation of CD46 was investigated under different experimental conditions,
' As mentioned above, varying concentrations of infecting virus were used,
Furthermiore, results for different incubation periods of vinuses were obtained. The

amount of H protein that was expressed on virus-infected cells was determined in -

. order to confifm active replication of the virus in the 2 cell lines used. For this
purpose, cells were incubated with the anti-H mAb B2, (described in chapter 3.4),
‘and then incubated with the appropriate ~ITC-labelled secondary antibody. Specific
- fluprescence was subsequently measured by fiow cytometry. For all experlments
shown below, non-specnf ic fluorescence was determined by stammg a fraction of the-
cells with’ 1gG1 control antibody, as outiined in section 2,8. The mean flucrescence
* of IgG1 was subtracted from values obtained for CD46 fluorescence otammg These
‘adjusted values for CD46 expressed on MV-infacted cells were then compared to.
tha uninfected control cells stained in the same way, B

Representative 1 restjlts for a selection of SA wt MV sirains are shown below. None
of the viruses that were initially isolated on B95a cells showed any tendency to

. downreguiate the CD46 receptor. Fig. 3.24 shows resulis obtained for the BS5a |

grown vaccine strains Schwarz and Edmonston. The Moraten vaccine: strain also did
: not show the abmty to downregulate ch4s on B95a. cells (data not shown)

. Figs. 3.25, 3.26 and 3,27 ilustrate that neither South African vaccine-like viruses of
group 1 (A) nor wi viruses of groups DS and 1 (7) could downregulate CD46 from the -
surface of B95a cells, irrespsctive of the mfectlng viral! titre or vary:ng incubation

'per'ods uaed
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| Fig. 3.27 Ci46 expression on umnfected B95a cells and cells infected with
- .. representative strains of group | (7), Natal9/96 and Jhb5_!9?.




3.5 Downregulation of CD46 _ 134

As shown inthe representatwe figures above, none of the viruses analysed showed -
any potential to downregulate CD46 from the surface of the marmoset B celis, B95a,

o under any conditions, Furthermore, the Edmonston wt strain nor the vaccine strains.
- Schwarz and Moraten were able to modulate expression of CD46 on the surfacs of

BY5a cells. It was alse investigated if higher concentrations of infecting virus could
_ induce a downregulation, Four “erial 10-foid dilutions wers thersfore made on
~ several viral stacks and used to infect B85a monolayers as well ay different
_muitiplicities of infectlon (moi) ranging from 0.01 to 3 were used, Even an input of

- viusata moj of 3 that was incubated for up to 48 h pi resulting in a CPE of 90-100% -

" did not modulate CD46 (data not shown). Thus, a downregulating phenotypa is Tikely
to be an intrinsic property of the wrua and is un!ikely to be altered by dlfferent
- experimental conditions. :

The expreséid_n of H protein on MV-infected Vero or B95a cells was measured to
confirm whether viruses were actively replicating in cells expressing CD46 and this

was further used as a means to standardise the amount of repficating virus, The = -

expression of H was slightly lower on Vero cells when compared to infected B85a
cells. Howaver, the amount of H protein staining was very similar when equal
~ concentrations of different virus strams were uged to infect elther BQSa or Vero celis
(data not shown) : :

3.5.3 CD46 downregulation- by MV isolated on monkey kidne’y cells

Several South Afncan MV strains, mma!ly isclated on B95a cells, wers adapted to :

~growin Vero cells. Of the 9 strains selectad (representing the 3 SA genetic groups)
only 1 vaccine-like virus, Jhb25/96, showed CPE at passage number 6 so far. Atthe

time of writing, 4 strains were stii! in issue culture at passage number 14 \mthout
having developed CPE at any stage. Jhb/86, a group D5 virus, was isolated on -
- Vero cells in 1986 Some of the Initial virus stock was stllf available and could
~ therefare be grown In Vero cells. Unfortunately no further stocks of MV eriginally
. isolated on Vera cells were available (see Table 2.1). Therefors, only Jhb25/96, -
- Jhbi 186 and the Schwarz and. Edmonston vaccine strains could be tested for thelr
 ability to downregulate CD46 on Vero celis. Fig. 3.28 shows results for the 2 vaccine
strains. Neither JAb25/98 rior Jhb1/86 showed any effect on the exprassion of CD46
on Vero cells when stained with anh-cms-FiTc mAb, clona 122-2 '
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Fir). 3.28 Fiuorescencs histogram showing CD46 expression on Uninfected Vers

celis and cells lnfec?ecl with the Edmonston and Schwarz vaccine
stralns :

Allhough not clearly visible in Fig, 3. 28 there was indeed a downwards shtft in
~ CD46 exprassmn on vascine virus infected Vero cells. The mean flucrescence
intensity {mfi) was reduced by 18 and 21% whih infecting Vera cells with Schwarz
or Edmonston, respectively when compared to the uninfected control. In other simiiar

- experitients, Edm downregulated CD46 by up to 27%; the 18% downregulatlon by .

the Schwarz vaccine straln shown here was the maximum that was detected (data

not shown). However, percentages for CD46 downregulation of below or around

~ 20% could probably be considered irelevant in vivo as the vast ma;orlty of
_ complement protefn appears to remain on the cei! surfaoe .

In summary, the resuilts here mtilcate that vaccine strains hava the ability to |

modulate CD46 to some extent from the surface of Vero calls only, None of the .

- yaceine and vaccine-iike strains tesfed here had the capabihty to modulate CD45 on

e e
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o -the lymphotrop[c B cell line, BQSa Furthermore. nore of the South African wt strains,

* . irespective of the genet[c group they belong to, showed any effec:t on the"

expression-of CD46 Oells on either Viero or B95a calls. -

Table 3.9 summarises results on the pctential mcdulation of CD46 on Vero and

" BY5a calls for all MV strams tested to date.

- Table3.2  Summary of CD46 downregulation resuits for &t strains tested.

Vero ~ " Boba

MV .. - CD4sdownreg. ~ ~ CD46 downreg
. 8h . - (+-9) -
: Edm - 14 (+13) -
- Jhbtee . (#12) -
- Mor . ' ' _ Nd -
Jhb2/89 - . Nd o -
- Jhb38es . Nd -
. Jnb2s/eE - .
- Jhb2/94 Nd -
' Rdpt1/94 - Nd -
- .Jhbdmg7 - Nd -
- JhbSe7 Nd .
~ Natal4/96 . Nd .
Natald/6 ' - Nd -

_' Nat_a'lsigﬁ o Nd-

. Nd not done ' C
‘Numbers In brackets indicate the maximurn extent of GD46 downregulation which wias obtained in
 ofher experiments performed under identical conditions. . :

Jhb1/86, as shmm in Table 3.9 and Fig. 3.26, generally did not trodulate CD46 on
_ 'Vero cells. Howeva-r, in & single uxperiment a downregulation of 12% was detected
" on Veero cells when infected with Jhb1/86. This result could not be reproduced in 3
o similar expariments This shows that experimental repeats of FACSscan results are
o imporlant to establlsh what the true aﬂ’ect on CD46 moduiation of a certain virus is.
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3.5.4 Infection inhibition of B9Sa cells

'To determine whether infection of B95a cslls could be inhibited by ‘blooking the

- CD46 receptor with an anti-CD46 MAD (clone J4/48), cells were pre-incubated with
the mAD and then infected with various MV stralns as described in 2,10, Schneider-
Schaulies, J, et al. (1985 and 1895a) have recently shown that infection of Hel.aor -
“the numan lymphotropic BJAB cell lines with a variety of MV wt and vaccine strains, -
could be inhibited by pre-incubation of these celis with an anti-CD46 mAb, However,

- results shown here indicate that infection with MV could not be inhibited usingthe
marmoset lymphotropic B celt fine B95a. The mAb used here (clone J4/48) does ot

recognise the monkey homolog of CD46 that is present on Vero cells (Schnsider-

Schallies, J. ef al., 1995). This was confirmned by infection inhibition assays on Vero

cells using several SA wt MV strains and the vaccine strains Schwarz and

- Edmonstors, fnfection with none of the isolates tested could be inhibited using cione -

- J4/48 (data not shown). Studies are currently in progress to investigate the inhibition

of infaction of Vero cells using anti-CD46 mAb thet can recogmse and bind the CD46 -

homolog present on monkey cells,

" In this study different strains of wi and vaccine»ltke MV wers incubated in para!le!

~ with and without anti-CD48 mAb. CPE appeared in most strains at the same time

and with the same magnitude when comparing pre-treated and untreated samples

(data net shown). As an indicator for MV replication In pre-reated cefis, the _

~ - expresg.on of H was measured and compared to untreated cells.

Flg. 3.2+ shows the e:q)rassion of Hon B95a cells Infected with Jhb3/04. According _
to these data, the replication of this wt straln seemed to be unaffected by the prior -

. saturation of the CD46 receptor with mAb, indicating that an alternative receptor is
present an B95a celis that can support MV entry and infaction of these cells. The
expression of H protein on the surface of untreated cells and cells pre-treated with
antl-CD46 mAb was furthér measured for another 5 SA wt strains as well as for the
_Schwarz and Edmonston strains, Reptmﬂon of any of these viruses in B%5a cells
“was not impaired by blocking of CD46 prior to infection. The CPE obsarved in both
* antibody pre-treated and untreated MV-infected celis were identical, irrespective of
‘whether vaccine orwt MV were used. These results have been reproduced at lsast
twice for all isolates tested, indicating that MV, or at least the strains anaiysed here,

* can use an altemative receptor on marmoset B calis if CD46 is not available. Cells

~ ware pre-incubated with 10 {19 of anfi-CD46 mAD per well in a standard 6-well  -tte
“and this amount should theoretically be sufficient to bind and block all CD46 :
receptor sites in 3 x 10%target celis. The question remains as to what the alternative _
mode and molecule for entry of MV is in specific cell types. ' S
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' Fig. 3.29 'Expressnon of H protein on untreated B95a cells and celis pre-treated
' with ‘anti-CD46 mAb, infected with Jhb3/94 of group | (7). H-specific.
ﬂucresaence of ncn-lnfacted Boba control cells was not detected

'3.5.5 Dlscus:s'ipn :

CD48 has been firmly established to act as a receptor for MV. The ability to
- downrequlate CD46 hag been demonstrated for several vaccine and wt MV stralns. -
~.and is caused by the direct Interaction of MV H protein with CD46 (Lecoutuner, V.
et al., 1997; Schnelder-Schaulies J., 1995 and 1995a; Naniche, D. et al., 1993)

" Downregulation of CD46 from the cell surface may render the infected cell more
- susceptible to-complement mediated lysis, as was discussed in sections 1.3 and -
'8.1.5. Naniche, D: et al, (1993) have shown that the receptor is downregulated by
 rapid intemalisation of CD46 from the cell surface due to interaction of the cell with -

the MV H protein. In most studies described to date, Vero, Hela, Jurkat T, or BJAB.

- cells have been used to demonstrate this phenomenon. Only recently, studies have
. bagunto focua on B95a cells, the cell line most commonly used for MV isolation at -
present, Evidenice has accumuiated that CD46 may not be the receptor or not the

sole receptor for MV on marmoset and human B cells (Tanaka, K. et al,, 1998; Msu, -

E.C. et )., 1998; Buckland, R. and Wild, T.F., 1997, Murakari, Y. et al., 1998).
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~ This. study was undertaken fo detenn!ne whether South Afrlcan MV strains

: _ representing the 3 genetic groups cumrently circulatlng in the oountry have the

potential to ‘modulate CD46 expressnon an the surface of B85a or Vero cells in
addition, the downragulat[ng abi!lty of & vaccine strains was tested. All assays were
_ preformed Under various experimental conditions to establish whether the
concentration of infechng virus or the length of incubation would have any effect on
the subsequent measurement of CD46 expression. An infection inhibition assay was
- used to investigate whether propagation of MV wt and vacctne strains could be
abrogated by saturatmg the reoap_tor CD46 wrth amAb pnor to infection,

Modulation of CD46 by SA wt MV and MV vaccine strains:

“The capacity to downregulate CD46 has bsen demonstrated for several MV wt
strains (Bartz, R. et al., 1997; Lecouturier, V. et al,, 1997; Schnatder—Schau]ies, et

~ al., 1995 and 1995a; Hiraro, A. et al., 1996). None of these studies investigated

potertial CD46 downregulation by MV on BS5a cells, At the time of writing however,

.. 2 studias ware published that, for the first time, analysed the influenice of MV strains

on the expression of CD46 on B95a celis {Tanaka, K, et al., 1998; Hsu, E.C. et al,,

1998). Both studies showed that MV wt end vaceine strains had little or no effscton

CD46 expression on B95a cells. In concordance with these findings, it was ..
established that none of the SA MV strains analysed here showed any iendency to -

downregulate CD46 from the surface of irahsformed marmoset B cells. Furthermore, . - -

different experimentat conditions, such as higher coricentrations of infecting virus or

pro!nnged incubation periods did not appear to induce GD46 downregulatlon or .

influence the expression of C46 at any stage.
" Hsu, E.C. et al. (1998) showed that even vaccine strains did not effi iciently
- downreguilate CD46 from B95a cells. The 3 vaccine strains, Moraten, Schwarz, and
. Edmonston that were tested here did not modify the expression of CD46 on the
surface of B95a cells. However, It is noteworthy that a study by Schinorr, J-J, et al.
(1995). stated that the Edmonston strain couid indesd downregulate CD46 from
BJAB cslis, another EBV-transformed B cell line, and from freshly isclatad PBMCs
(peripheral blood mononuciear cells). Lymphotropic wt strains that were initially
" isolated on BJAS or B95a cslls appear to lack the ability to downregulate CD46 on
B95a or BJAB cells (Schneider-Schaulles, J. etal, 1995 and 1985a; Tanaka Ket
al,, 1698). Thus, it seems plausible to state that lymphotropic MV wi sirains do not
tnteract with GD46 on those cell lines, In this context, it has been proposed that wi
MV strains may use a receptor other than CD46 on marmoset B celis {Buckiand, R.
and Wild, T.F., 1997; Tanaka, K. et al., 1998; Hsy, E.C. etal, 1998) and this seems -
: Ilkely in view of the results obtained here '
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L a T he vaccine strams Schwarz and Edmonston as well as 2 South African wt strains :
o were analysed for their abillty to downregulate CD46 on the Afncan green monkey
. cell ine, Vero Vero together with the similar cell line CV-1 have been used

extensivaly for MV isolation before the introduction of the more sensitive B35a calls,

. '_ : _' Jhbi/88is awt strain of group D5 that had initially besn isolated on Vero cellsand -
: origmal stocks were still available for this expsriment. Jhb25/86 had to be adapted.

1o grow in Vero cells over 6 passages. None of the other SA wt strains could be

" adapted to grow in Vero cells to date, It has been reported befors, that the adaption  ~
- of B95a-isolated MV to monkeyderived cell lines is difficuli and requires prolonged
' passage in tissue culture (Sh|bahara K. et al., 1994). The 2 SA wt stralns did not

reveal any potentlal to miodulate CD46 on the surface of Vero cells, although

- Jhb25/96 (g_roup 1(A)) carried the 481Y residue. This pravides further evidence that

this particular residue does not always confer a dowriregulating phenotyps to MV.

- In this context, Shibahara, K. et al, (1994) reported that MV strains isolated from
~ B95a celis that prewousiy did not hemadsorb AGM-RBC, gained the capacity to do -

so after 20 passages in Vero cells. 1t was further shown that 1 of the straine

" analysed had acquired the 481Y residue instead of the initial 481N residue. S
- Lecouturier, V. et al. (1997). speculated that during multipie passages in Vero or CV-

1 cells, a selection for MV with affinity for GD46 ocours that is mainly driven by the

~ aa replacement at position 481, However, in another study the abllity to

downregulate CD46 could not be induced by adaptahon of lymphstroplc |solates to R

_ Vero celis (30 passages) (Shlbahhara K. et al., 1994),

It has been reported that MV vaccine strains efficiently downregu!ate CD46 from the

" surface of Vero celis by up to 80% (Schneider-Schaulies, J. et al., 1995 and 1985a).

The 2 vaccine straing analysed here, Edmonston and Schwarz showed little ability

to downreguiate CD46 from Vero cell surfaces with a maximum of 27% reduction in

CD46 expression in some expenments On average downregulation did fet excesd |
20% under the conditions used here and the question remains whether this would
be of any significance in vivo since most of the CD46 molecules remain on the cell

surface. The clone of anti-CD46 mAb (122-2) that was used here clearly recognised

the monkey homolog of CD46, but staining may be less efficient compared to signals
obtained with other clones that specfically bind to the monkey-CD46 only.
Potentially, the passage history and passage nurmber of a cell line used for CD46 _
studies may be of importanice. Future studies will include analysis of different

- passage numbers and histories for the B95a and Vero cell fines as well as differant
 clones of anti-CD46 mAb will be used fo measure modulation of CD48. The potential :

' 'downregulatlon of CD48 from primaty cells, such as dendritic cells and monocytes :
_as well as cell lines other than Vero and B85a will also be investigated.
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The 2 asat posmona 451 and 481 have been suuggested to be responsible for_ :

S cD46 downregulation, HeLa cell fusion and AGM-RBC adsorption (Lecouturier, V.
. etal, 1997; Bartz,R. st al,, 1997, and as discussed in chapters 2) The SAwtMV
- strains tested here for their abihty to dovmmgulate CD48, carvied an asparagme Ny

at position 481 which would theoretically render them unabie to downregulate CD485,
| In contrast, SA MV strains of group 1 {A) displayed the tyrosine residue at this
posttlon allowing for pDSSIbIa modulation of the receptor, However, none of the SA

~ group 1 (A} isolates revealed the ability to downregulate CD46 from the cell surface,

indicating that residue 481 can confer a downregulatlng phenotype but does not
necessarily do this for all MV strains. Thus, factors other than the aa replacements

- at positions 451 and 481 ars likely to play a role in the ability of certain MV strains

to downreguiate CD46 from PBMCs, monkey kidney c:el[s (Vero Cv-1)and c:ertaln
other calil lines such as HeLa and Jurkat T. -

Infection mhrbmon of B95a ceﬂs

If CD46 is the sole receptor for binding of MV o B95a and/or Vero cells, it should
*theoretically be possible to inthibit infection by saturation of the receptor with an antj-
CD46 antibody prior fo infection. Schneider-Schaulies, J. et al, (1995a)
-demonstrated that infection with 17 different wt and vaccine strains could be

~ inhibited on Hela and BJAB cafls by blocking the binding sites with a mAb against

CD46. Results shown here, however, indicate that infection with MV could not be
abrogated by saturating the receptor on B95a celis. This suggests that the strains
tested used an alternative receptor, other than CD46, on marmoset B cells to bind
to the cell. A very similar finding has recently been reported by Hsu, E.C, et al.

- {1998) and Tanaka, K et ai, (1998), showing that irfection of B85a csllis with eithar

MV wt or vaccine strains coutd not bs inhibitad by making CD46 unavailable for virus -
~ binding. There is & possibility that this phenomenon occurs exclusively in
_ transformed marmosel B cells. Cell lines such as Hela, BJAB, Vero and Jurkat -
tested previously for infection inhibition could express C046 as the sole recepior but
may not have the alternative receptor that is present on B85a ceiis (Krantic, S. et al,,
- 19885), Furthermore, different clones of anti-CDA8 mAb are available and have been
‘used in various studies. These clones may recognise different SCR of the CD46
~ molecule or CD46 molecules that are exclusive to & certain specles or cell line
- (Murakami, Y, et al, 1998) For exampie the clone J4/48 that was used here, does
- not recognise and bind to the monkey homolog of CD46. This was confirmed by
using this mAb in infection inhibition assays on Vero cells. Vaceine sirains are
_known to use the CD46 on Vero cells and entry should by abrogated by blocking the
 binding site of the receptor. (Schnelder-Schaulies, J. et al., 1995; Buckland, R. and
Wild, T.F., 1997) However, infection with vaccine strains coulcl not be 1nh|bited by
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- -__-'_'the J4!48 mAb, sndlcatmg thiat this antibody was not. ab!e to bind tc the monkey :

. homolog of CD46 present on Vero cslls (data not shown). These findings provide
o _;::evidence that BS5a cells exprass the receptor(s) for both wt and vaccine strains
o ‘whereas’ monksy cells carry the functional receptor for vaccine strains and only very.
- few wt isolates (Tanaka, K. et al., 1998). Further evidence for the existence of a .

- receptor other than CD46 that can be used by MV strains is that vaccine strains - - )

'[j_'have baen passaged in chick embryo fibroblasts that do not express a CD46
~“homolog (Buckland, R. and Véld, T.F., 1997). it has .0 been proposed by the

o same authors that wt MV strains gradually adapt to CD46 wrizn grown in Vero cells
* becguse these cells lack thewt receptor. In this context, it has been suggested that =
CD46 downreguiahon in peneral could represent an attenuation marker for MV

. vaccine strains (Buckland, R. and Wild, T.F., 1297). Thergis a possibility that by

" using Bo5a oells for virus isolation we may have selected for MV strains with aﬁered
" Hproteins that can bind the marmoset CD46 but no longer recognise the monkey
- homolog on Vero cells (Tenaka, K. et al., 1988).

MV do not appear to interact with CD48 on B95a cells since downreguiation doas
not o’_ctmr and infection with wt strains cannot be inhibited by blocking CD46 with
- mAb. Interestingly, the 2 cell lines used most commonly for repid isolation of MV,
8953 and BJAB, both mpmsent EBV-fransformed continuous human B lymphocyltes
- {Murakami, Y. et al., 1998). It will be important to establish whethier EBV contributes
oor up-regulates factors that nonfer_”blndm of MV wt isclates to these cells.

in summary, lymphotropic MV wi isolates that have exclusively beer: passaged in
B95a or BJAB célls, do not seem to interact with CD46 and are likely o utilise a
receptor ottier than CD46 for entry into and fusion with the host cell. Thus, the
ditferential downregulation of CD48 that is seen when analysing wt and vaccine
strains in different cell lines appears to depend on the host cell rather than the virus

strain. It will be important o identify what the receptor or co-receptor forMVonB -

calls is, and whether this receptor can be used alternatively by MV sirains if CD46

becomes unavaiteble. Furthermore, thera is & need to clearly establish whether

vaccme and MV wt strains differ in their receptor usage and whether this could be _
- attributed to experlmental cc)ndit:ons or intrmsuc factors :
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4. CONCLUSIONS

*Measles virus is a highly contagious disease and it is considered to be one of the

- most sfficient pathogens known. It is estimated that approximately 40 million cases - -

of measles and close to 1 miflion related déaths occur annuaﬂy woddw:de
Developing countries aceount for the vast majority of these cases. In Africa, measles
~ continues fo ba a majorhe 3 burden for mfants children and, as vaccine coverage

" improves, for ycrung adutts. However, southern African nations are currently moving

toward a better oonh'ot of the diseasa and the eventual elimination of measies. Mass _

-vaccination campalgns have very recently been implemented in several southern

Africar courtries to reduce the overall incidence of measies and efforts will confinue

-io focus on the lmprovement of routine vaceine coverage. A comerstons in any
~ attempt to control the disease is, apart from serological surveillance, the molecular
~ epidemiological analysis of MV isolates. The knowledge of the genetic propsities of -
~ viruses circulating in a given region or country is necessary to assign MV to genetic
groups and to discriminate betwesn indigenous viral strains and those circulating

elsewhere, Molecular epidemiological. studies therefore represent an |mportant S

" means to assess the success of MV control and elimination programs and the '
‘identification of iransmlssion pathways of the virus.

To date, thers is no oo_nsensu.s'about the definition o’f MV genotypes or subgroups
and how to designate them. Several investigators have used different nomanclatures -
~ for MV genetic groups, The 2 most commonly used systems for MV nomenclature

. {letters, A} versus numbers, 1-7) have both been applied here to describe MV "

genetic groups. Currently efforts are underway to reach an agreement for the
definition and nomencieture of MV genetic groups and this will certainly contribute
to |mprovmg tha analysis of molecular apldemlologlcal data in fulure

This was the first stvdy to mvest:gate molacular epidemtologlcal as well as seVeral

antigenic characteristics of MV circulating in a southern African country. To date,
little is known about the genetic proparﬁes of MV that are indigenous to other African
sountries. lnfarmahon on a limited number ¢ Jtrains from Waest African countries,
such as Gabon, Cameroon, the Gambla and Zambia has recently become available.
Howaver, with the majority of measles cases cocurring in Africa, future studies wil
have to inciude the analysis of MV from meny more regions within the continent, in
order o determine haw many genetic gra ps exist in Africa and whether those

groups are gengraphmlly restricted to certain areas or- countries, In order to - -

- actumulate information on the mclecular ep:demiology of the wrus. efforts. naed to
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. concentrate of: ne analysis of MV strains from as many as possible locations within
- southem Africa ant! the rest of the continent. This information will play a ciitical role

in attempts fo eliminate MV from Africa and other parts the world, In this study, MV - |

~ from South Africa were analysed at the level of gene sequences, anligenic
© properties and interaction with a putative ceil surface reoeptor Conciusfons to each
chapter are summarised balow. '

~ Chapter 31 ~ Analysis of MV N gsnes o i
© . The carboxyl-tanmnal 458 nt of the N gene for 97 MV strains ootlectad between
1978 end 1997 in South Africa an; Namibia have been analysed. Three distinct -

~ genetic groups were identified. The first group was represented by 4 isolates made
. between 1888 and 1996, which closely resembled vaccine and vaccine-iike strains
- of genotype A (1). A second small group Included B SA strains that shared several
ntand aa substitutions witt: group D viruses (groups 2,3, and 4) and were therefore
considered to form the subgroup D5 within this major genotype. The vast majority

of SA MV strains were closeiy related to each other and formed group | (7).

Accondlng to N gene sequences, a Canadian isolate from 1989 proved to be the oniy
strain that clearly belonged to the same group as the majority of SA wt viruses
_ (grf p! or 7)

Retroqpectwe ana[ys:s of stored clinical samples of serum and CSF proved useful :
for the generation of mulecular epidemiotogical data on viruses that circuiated up to
20 years ago. Far this purpose, RNA extraction and PCR amplification methods
were modified in order to yield sufficict - product for subsequent sequence analysis.
Conmdertng the amount of degradsnnn that can oceur in samplas that have been
 frozenfora long time and that have been thawed several times, the amplification .
rate achieved here was satisfactory. This approach is particularly useful when only

© serum samples (for serclogical testing) can be. obtained from intoresting locations.
“This was the case for 2 sera from Windhosk (Namibla) one -of which closely
: resembled 04 (3) straing rather than any other southern African isolates (Iineages'
A, D5, I) that have been studied so far. Analysis ¢f serum and CSF samples froma
SSPE case in SA showed that this virus was almost identical to Chi1 (group 2 ¢~
2), & sirain that was isolated in the USA in 1989, One of the sera from 1978 was |
~ related to group D5 viruses, whereas 3 othar viruses from 1878 serum san les
grouped with the lineage ! {7) strains. Thus, analysis of stored clinical sarmples
ravealed that at various times viruses from other ‘parts of the world, although
- probably in \rery srnall numbers, ctrculated ln souti*em Africa, T
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Chapter 32 Analysis of MV H genes: -

* The groupings of MV that were estabiished on the basis of carbnxyl-terminal N gene

seqriences coresponded well to those obtained by H gene analysis. No significant

: - changes in groupinge occurred and it was therefore concluded that elther genomic
L ragion (N or H) could be used for MV strain charaoterisailon “artlal H gene .

setuences of several strains from other African countries were avaiiable fora
phylogenetic comparison. Recent isclates {1994/95) from the Gambia wers shown
to belung fo group B {6) which includes other African strains from Kenya, Cameroon,
and Gabon. Interestmgly, 2 Zambian isolates from 1992 were closely related to SA

group D5 viruses and this was the first time that isolates of this genetic group have -
. been made in a country other than South Africa. It will be important to establish
~ whether this group is more dominant in other parts of the continent, On the basis of -

partial H gene sequences, it w further demonstrated that isolates from the

Coventry area (England}belong  + enotype A (1), indicating that wt strains of this

group are indeec! still in clrculatic % not only in South Africa

Cha'pter 3.3 Genetlc screemng' of MV str.ains: : .
In cases were a large number of viruses need to be analysed int a short period of
time, such as in outbreak situations, screening techniques other than elaborate

‘sequence analysis are required. The HMA has been shown to be a reliable

technique for rapid assignment of unknown isolates to 8 differant genetic groups and

thus could becoms & usefil technique in settings where sequencing or other
‘sophisticated laboratory facilities are not avallable, Other methods, such as RFLP
. and L8SP have also been evaluated for their potential to discriminate between MV

belonging to diffarant genetic groups. LSSP proved fo deliver unsatisfastory resuits,
whereas RFLP analysis performied on SA viruses was able to distinguish between

“strains from 3 distinct genstic groups. However, RFLP only takes a limited number :

of previousiy selected changes Into account. In contrast, the HMA allows for
differentiation of viruses according to all mutations thet oceur within the analysed

fragments and thus would appear to be a better approach for MV sfrains
disorimination. The HMA is easy to perform, cost-effective and is now used routinely -

to reliably differentiate between distinct MV in South Africa. The ability of the HMA

- to discriminate viruses from 8 genetic groups and 9 different countries mdicates |ts

utility for global screening of MV |soiates

Chapter 3.4 Antlgenlc analysis of the MV H proteln. s
Hemaggiutinin protelns from 10 SA MV stralng representing 8 genetic groups werg.

* analysed to compare the'r molecular weights and possible differences In antigenic

epitopes. The majority of SA wt strains had an identical _'molecul_ar mass to Schwarz
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* (~80KDa)while 1 isolate of group | {7), Jhb3/94, had a greater apparent molseular

. mass {~ 85 kDa). Using pre-treatment with Endo F/N it was. shown that the

. increased weight was unhkely to be due to additmnal giycosylation. To determine
* whether differences in armgenic epitopes exist amang SA MV strains, reactw:ty of
- 9 SAstrains with a panel of 8 anti-H mAb was investigated by RIPA, Crily one of the .
. 6 spitopes {CV4) was found to bs varlable, GV4 precipitated H protelns from the
Schwarz vaccine strain and all SA wt strains, except for NC1/85. Alignment of nt and -
aa for this strain with 2 Chinese wt isolates that also did not react with CV4 failed
“to show similar mutations, Thus, the lack of this antigenic site in NC1/85 could rot
yet be attributed to unique ntaa changes withii: the H gene. in summary, despite the '
differences in nt and aa sequences in'the N and H genes, the antigenic properties

- examined here of SA wt strains and the Schwarz vaccine strain were for the most

- part identical. The presence of only minor antigenic differences between various MV
- wit isolates and the vaccine strains most likely account for the undoubted success
of measles vaccines which protect egainst viruaes from all genetic groups.

Chapter 3.8 o Differential downregulatlon of CD46 by MV e :ine and wt
strains:

'Re_ce'ntly, evidence has accumulated that CD4€E may not be the receptor for MV on -

the EBV-transformed marmoset B cell line, B95a, An infection inhibition assay using
" BS5a cells was performed to investigate whether SA wt strains and vaccine strains
can indeed utilise other molecules for entry into the host cell. Blocking of CD46 with
‘amAb prior to infection did not abrogate the ability of vaccine and SA wt strains to
infect these cells, indicating the presence of a receptor other than CD48 on BS5a
cells, However, this alternative receptor or co-receptor has rot yet been identified
and it remains to be established whether EBV plays a role in providing or up-
regulating factors that could subsequently serve as a recsptor for MV. Interactions
of MV H protelns with CD46 on Vere and B95a cells were analysed on a FACS cell
sorter Neither SA wt sirains nor the 3 vaccine strains Moraten, Schwarz, and
'Edmonston showed any potential to modulate or downregulate. CD46 from the
- surface of B95a cells and this observation was not altered under different
exparimental conditions, Furthermore, 2 SA wt strains did not reveal the abillty to
' downregulate CD46 from Vero cells unlike 2 vaccine strains, Edmonston and
Sohwarz, which caused a downreguiation of CD46 by approximately 20% (from Vero-
cells), These results suggest that under certain experimental conditions, CD46 on

" Vero gells can indeed be modulated by MV vaccine strains which have been shown

to uss this reoaptor on monkey kl‘dney cells. It appears that usage of CD4S as a
- receptor can vary between MV vaccine and wi strains but rnay also depend on the
“origin of calis used for virus isolation end propagatlon '
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6. APPENDICES

 LIST OF ABBREVIATIONS -

- _ anti S
AW ~ Avian Myelobtastoses Virus
AP . Agaline Phosphaiase S
CPE - - cytopathic effects’ -
CsF . - -cerebrospinal fluid
dNTP o desoxynbonucleow’;a trlphosphate
EBv. . Epstein Barr virus |
EtOH = ' Etehnol .
EMEM Eagle's minimum essential medium
BSA Bovine serum albumm
F C . {usion
- FC§8 . . _ foetal calf sarum
C@TG . - glycerol tolerant gel buffer
h- .~ hour
o H ' * hemagglutinin .
HMA - _ " Heteroduplex Mobility Assay .
PTG .. isopropy! B—D-thlogalactopyranomde
lB° - . LuiaBroth _
mAb L menoclonal ant:body .
min o . minutes
MV - measlesvirus .
N S nucleocapsid
_ NaNs : . - Sodium azide _ )
oiN . over hight T
PAGE _ ~ Polyacrylamide gel electrophoresis
PBS - -+ - Phosphate buffered saline
- PCR ' Polymerase chain reaction
Coph _ ' Postinfection o
- PVDF - .polyvinylidene difluoride _
RFLP " Restriction Fragment Length Polymorphism
pm . rounds perminute . .
- RT . Reversetranscription -
- 8DS8 . - _ sodium dodecyl sulfate
.8N supernatent .
TBE - Tris Boric acid EDTA buﬂ‘er
TS o _ Throat swab :
- TG . : - Tissue culture
U ' Unit
v - yolt

XGel © 5-bromo-4- chloro—S-mcloika-gaIactoslde
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- Hal

. MF

’ Corpus Ghrigll, Taxag, USA

MEASLES VIRUS STRA\JS PREVIOUSLY D ~SRIBED: -
Staln - - Year Location’ Description ‘Acession -
. Bdmwt - e84 Bethesida, USA  Edm.willkype | upoe7
. EZ o ' _ Edm.-Zagreb vacclne Losess
© Lenlg . feed . Russla Leningrad 18 vacelna strzin - Uasss1
Mor 1064 - . Usp Iaraten vécolna - UMess
_Sohw ' - Ychwarz vacciie " Ugaess
AlK-C A : Edm. derived vacolne Lol
Phzs 95T - Phkadelphla, USA - . Philadelphia 26 sirain . Uoqeat -
Chgd? B TN China . ' Changehtn 47 vaceine Losess
Hn. s 1882 Turkw, Finland. Halonen straln 101296
CAMA) " 4988 o lapmn vacclna from Tanabe starin - UoEsD
. Hu2 1871 Nosthernt Yretand . Sobw.vaccins related case “POC
187 UsA Halle SSPE (solate X13480
. {983 - Cametdon Cwt DLig1O
Yi4 1983 Gemeasoot : vt Uotess
NYB4 1664 New York, USA w o L4e753
- R95 1g84 ‘Gaban . wt Uoiea4
R118 19684 Gaban w [leiv's <]
R1C3 1084 Gahon - w uoisez
R113 1684 Gabon wt utiges
BIP3A ealy 1978 USA . E8PE - Xieses
eally 1670s  Eumpe . 8SPE X84882
-1  mid100s - Germany HBPE. Xiesa? -
B{K) C 1908 Genpeny SE8PE XE4883
sMaBl tgrneet Maddd, Spain 8SPE X84968
JMr7 {977 - Belhosds, UBA | S owt o poooz
- WIF 1920 Erlangen, Germany . Wi, cage Fleckansteln " XpdB72
L jea - The Netheriarda wt Xo4B78
Nethign . i Biihovan; Netherlarid wt Lde748
oL 10 Gemany : w o X84673
Magar 198 Madid, Spain wh, case FY X84871
. L8 e - Cemany wt .+ XB4EE0
lad - 1884 Chicagn, UBA ot Ld5740.
ThNed 1004 - Tennassa, USA w L467680
8Bl | 1982 Bonn, Germany wt Hu4g74
MVD {o74 " Pufstol, UK Wt Dofo04
MVP 974 - Bristd, UK - oWt _botoos -
- -1983  Neitkem Ireland " 68PE [Dotooe
sar 4gde Northern lrefand 88PE - DO1007
8E - 1paA Blringharm, UK wt '
cL 1988 Birminghain, UK W
TT 1881 - Landan, UK wit, Kawasald case
chit " 1968 Chlcago, USA wo ey
- chiz 169 Ghlcsgo, USA wt uote7e
8D 1088 Sap Diego, USA w Eal=s
UK 1860 Dallas, Texas, USA MIBE - Uotges
PAZE0 1680 " Pebnsyvannka, USA wt L4BTES
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. Méasiés virus strains previously describad, t_:ohtih'ued:' g

© Guam4 . 1994 Suam Jekind, Pacific, USR
NS4 1004 " New Jeraay, USA

- Goo4 L e Colarado, USA

1/ (-7 S - - Geattte, Waatnngton, USA
NEDA . 194 Omahs,Nebrasia, UsA -
Pl " qga4 . Palaulslands, Paclfi, USA

WRC - eadyl1eTe Woodfollg, USA ~
- 1981 UsA _
oM - Wi _Bethesda, UBA -

gaaiaggaa
g

&
®
2

" sMeTm . 10GM1STB Medrid, Spain
amet foesneos | Medid, Spein

pess . 13 . Berloh,USA
Woga - - . ‘183 Bosin,USA

 amet el Gambla

can - e Wontresl, Génads
© pKeeHA - 4egg ~  Palsian
- PKgRMz - 1880 . Pakistan

[+- 1608 unknown (USA
CTxes .. fe6 o leUBA)
MaGq. - . 18 triknown {USA)
Cogs 1855 ) unkniown {USA)
Thaitd - _ Thaitend
CNMes - s _ unierown (UEA)
Nyos 00 198 . Genany (USA}
Thaidd 1984 . . ‘Thallend.
. Metf® 1979 . Spali
LGBL . “Spaln
. ABR Co iees Spain
COWTRY o ee2 Genmany

THERH joee . Texas,USA.
. pags - fem  PaEu
CEngea . - 188  Englnd

cay . 1850 CaMforria, USA
. EBLBSIp 185 depam

ABSeGer - - 1088 Qemary
"ABPS4 . 1994 Spain

5% ;aaaggga;gaggaaaass £ss % %35 88 %
=
%

- ZamRAtt 92 - Zabia

| zam@aaas o 19@2. - Zawbla
- GamSom4 1984 . Gambla
Gamddoa) - 194 Gambia
GewoEXi2d4F 1985 - Gemth
Cowod 1058 - England

gsgEis
o
§
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ET.HICS'CLEARANCE} -

" Ethics clearance fo coliection of throat swab and urine specimens has been
. obtained from th. COMMITTEE FOR RESEARCH ON HUMAN SUBJECTS
- (MEDICAL), University of Witwatérsrand, Johannesburg on 26/1/96 under reference -

" pumbier R14/48 Kreis and protocol number M 969105 - g




Author: Kreis 8
Name of thesis: Molecular epidemiology and antigenic characteristics of measels virus in Saouth Africa

PUBLISHER:
Unlversity of the Witwatersrand, Johannesburg
©2015

LEGALNOTICES:

Copyright Notice: All materials on the University of the Witwatersrand, Johannesburg Library website
are protected by South African copyright law and may not be distributed, transmitted, displayed or otherwise published
in any format, without the prior written permission of the copyright owner.

Disclaimer and Terms of Use: Provided that you maintain all copyright and other notices contained therein, you
may download material (ocne machine readable copy and one print copy per page)for your personal and/or
educational non-commercial use only.

The University of the Witwatersrand, Johannesburg, is not responsible for any errors or omissions and excludes any
and all liability for any errors in or cmissions from the information on the Library website.



