| SOLATION OF THE WLD MEASLES VIRUS AND THE | MMUNCLOG CAL
COVPARI SON W TH SCHWARZ LABORATORY STRAIN

BY

NOSAKHARE' CDEH EGHAFONA B. Sc (Hons) , M Sc.

DISSERTATION

Submitted in partial satisfaction of the requirements for

the degree of

DOCTOR OF PHILOSOPHY

n

MICROBIOLOGY

inthe

GRADUATE DIVISION

of the

AHMADU BELLO UNIVERSITY
ZARIA, NIGERIA

October, 1985



CERTIFICATION,

This dissertation titled

ISOLATICH OF THE WILD MEASLES VIRUS AND THE IMMUNOLOCICAL

COMPARISON WITE SCHWARZ LABORATORY STRAIN

By

losakhare 'odeh ECHAFONA. B.Sc(Hons), M.Sc.

meets the regulations coverning the award of the degree of
DOCTOR OF PHILOSOPHY
(MICROBIOLOCY)

Ahmadu Bello University, Zaria. Nigeria

and is approved for its contribution to knowledae and

literarv presentation.

.\ . . .
. ( 1 , —
4 / \ A\ ¥ -

{ -\h\ﬂ% L e 70 G

. - — -
Prof, Ovewale Tomori. DVM, Ph.D. Prof. S$.0. Emejuaiwe. B.Sc, Ph.D.
EXTERIF/Y EXAMINER. PRIMCIPALL ADVISOR.

™ = n ! f
. AJ) eV L e 1
> Y |

Dr. C, D. Ezeckoli. DM, Dx. PH, Dr, A.L. Ahmad. E.Sc., Ph.D.
ADVISCL, ADVISOR & HERD OF DEPARTMENT.



With my sincerc hope and optiwism foxr Qhe dutune,
1 feel sure that 1 have Lleanned fo swim,

Stnong; fheanfess and fuff o4 cheenful enthusiasm,
AL of which weuld hefp e fo keep afloat.

1 mighi need fo adapt my sthokes, contnol my
breathing on alten cournse <n the {ace of curnents

but T'm not afraid.

Fonth in thy name, 0'load 1 go;
My daiiy Laboun to punsue:
Thee, oniy Lhee, resofved to know;

In agg, T think on speak on deo.



ACKMO!'LEDECIE

I am gratcful o Professor 5.0. Emcjuaiwe, who
advised this work., Without him, there would be no
need for this thesis. The work rcprecsents a conglome-
ration of events both serious and funny which he helped
create. He was thouohtful of mv progress in everyway,
and sharcd many of my interests nnl pursuits with a

zest which might have been envicd by others.

For the valuable comments luring the actual
process of formulating ideas anl writine I am greatly
indebted £5 Dr. C.D. Ezcokeli. Dr. 5..A. Ahmad, Dr. N.E.
Morrison, late Dr. Fredrick Bang. I am also indebted
to Dx. H.C. Goodman (Dircctor, Trorical Medicine Centrc
of Johns Hopkins Univoeresity) for giving me the opport-

unity to work in the centre

Thanks to those who helped to assemble this work,
especially the following peorl: Tr. ¥.E. 4andre, Dr. D.
Abegunde and G, Braimoh for the skilled tcchnical
assistancc. I wish to acknowledoce the help of memburs
of hospitals I collectcd specimens from especially
Drs. C. Onuwra, E.N. Obineche 2n! E.I. Woghiren. I am
grateful to Mal. H. Salihv for the secrctarial

assistance.

To my fricrnds, and here I mention in particular

F.E' Ihimf‘b, L.E. odma' P-O- Erhamr' F-o. mkm,
e —ra e e 3 e s S ————




ii.

.J. Cshodin, 0, Ansn, J.0A. Aetunijl and R.M. Okagbuc,
I cannat eXxXpress the depth of my aprnreciaticn, You
all participated in numercus and cffectionate ways to

make the task much easicer.

It ig impossible to mentiosn all names of peozla
who hulped to make this work rossinle. 8o foraive me
if I dil not single you cut. This is by no mecans a
deliberate omission. From deep down ny heart , THANK
YOU. 1In the coming yoars, as I remamber thoe purpoesc |
of the work I will alwavs inlividuwally mention you in
my writings, talks etc. Years and events may separate
us, but this will be there for posterity raminding us

of the future we want to build through research,

Finally, my porcnts Pa, John thafona Legemah
and Ma., Bdizogie Loegemah (nece Slana), I an avecchless
on how well to exrruss myv apureciation. Morally and
financially, you started it 211, 7The futuroe this work
brings is the cffort both of yvou took in being LOVING
PARENTS. To the rist members of ay family -

IKPOM MWEN OWA "I thank you ~l1l%,



iii,

ABSTRACT.

The continued cutbreaks of measles in vaccinated
individuvals ir Vicoria hes prompted thris invegstigation.
The study was desiagned to compare a widely used
vaceine strain of measles (Schwarz) with a local
isolate (Wild) to detcormine if there are differences
in anticenic and physico-chemical characteristics
which could account for the apparent inabilityv of the
vacclne anticon to protect acainst infeection with a
locally active virus.

The Schwarz vaccine strain of measles was
compared with a Wild strain usina the qrowth characte-
ristics in cell culture and themostability ﬁ

properties. Antibodics ralsed in monkeys ILrytlocebus

“patas to both viruses were used in acar-gcel immuno-
- diffusion (ACID) tests, haemacglutination inhibition
{HI:T) tests and cross neutralization studias,

toth viruscs produced i-lentical cytopathic -
.effects {CPE) in the cc¢ll culturcs used, primarily
syncytium, ciant ard spindle -~ coll formation.
The Wild strair, howsver, produced 100% CPE in 3 - S
days whereas tihe Schwarz strain took 4 - 7 days to
rcach 100% CPE, The viral vield was lower for
Schwarz strain commared with Wild strain in cell
culturcs used, The Wild strain was characterizead
by rough, larce plagues (@1mm diameter) while the
Schwarz strain developed smooth, small plagues

{< Tmm diameter}. 1In the thermostability studies,



iv.,

there was.né siqnifican£ diféﬁrénCQ, in the survival
rates of cither virus when crown ot temnoratures
from 10°C to 50°C for one hour. There were glight
differences in the cross reutralization and the ACGID
tests, but no dlfferesnhces detactable by the HAI test.f;’
Overall, the dAifferences observed botwesn the
two viruvses do not apwenr to provide sufficient
explanation for the epidemiolocical hehaviour
(vaccination failuve) of the virus in Ficeria. The
thermostability study is narticularly instructive
since it has been hypothesized that the inability of
the vaccine virus to survive biagh temperatures may
be a major Ffactor ir the vaccinaktion failurcs., It
is possille however, that subile differences detect=
able by more sophisticated techniques may explain

the neture of the ceuses of vaccination failures.
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1.1. CEMERMAL.

Mcosles is anIc..at.:tsta.nf.iin.r_'f‘v viéiﬁié:anJAconsistently
gseverge disease (Guillozet, 1979}, Wallgren (1965)
indicaterd that it has o worldwide -Jistribution with
ceneral susceptibility, morked infectivity, hich patho-
genicity and life-long immunity, although the issue of
1i fe-long imﬁunity is now nuen for re-~investication.

It accuunts foyr a areat deal 2f ccoonomic loss due to
absentecism of workine mothers havine to take caxre of
their i1l woards {Kruemzn, 1971, HMiller (1980) have
recently roported sevore cutbreaks wspecially in

develoving countrics.

M:asles infeétidh is knﬁwn f; occur in reciplents
and non - recipicnts of & pjethore of measles vacceines
available (leyer et al., 197&; Miller, 1980). This
has raised some gquestions on the immuno¢onicity »f
the varisus vaccines, and efforts ~are being mede towards
identifyine roasons £or the apparent failure aof
measloes vaccines. AMAmong the varisus reasons advanced
arc: (1) Failure of the vaccelne to immunize which
could be due to decad vaccines (Egbhafona et al., 1979},
Vaceines are known €2 he usually inactivated due to
faulty lyphilization, improoer handling and storage
(Xing, 197&). DHeymann et al. (1582} suacestcd that
the availability »f a more thermostable live measles

vaccine will improve these situation. (i1} Vaccine -



inducel diseasc (vaceine outhreak) as a result of
elther inprapor attcnuation or reversion to virulance
oFf the strain usel (Meyer et al., 1978). In aidition,
Shahbracli et z2l. (1980} sucgested the existence of
strain Aifferences rasultineg in immunity indueced by
aiven vaccinge not keina protective against all strains.
1f such strain Jiffercneces 3 oeccur and certain strains
arc confivoed to specific reugrarhical loacations,
distorted results might be sptained if one type of -
virus is used in voceine prepaxation for persons

livine in an area with an anticenically difforent

wili~tyme virus (Frank ¢t al., 18817,

One maiocr »Hroblem resariinge vacecine nproduction
oYy virus rmrooacation concerns the substrate to be
used for such a purposse.  For measles virus speci-
fically, primary monkey kislnoey cells represent a
satisfactory scurce of cells (Machirthur et al.,
1979}, but maonkeys have become incrcasingly more
difficult toe obtain., Certain coumtries, for instance
the Nuetherlands, have establishal local brecding
colonics of monkeys providine moterial sufficient
for the national production of vacecines, but the
cost is hich (Hillcman, 1982). Purthermorce, monkeys
are sometimes chronically infected with adenovirusaes,
simian hermes virus (B virus} . sv40, foamy virus ctc,
without showing signs of the diseasce (Blaskovic and

Styk, 1267)., The rersistent infection of tissues
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with monkey virﬁses:sighifiéantlyﬁluwers the valuc of
monkeys for isoleation exderiments, The same applies
for the use of monkey cells for tissue culturcs to be
used in isoletion or vaccine nroluction,  Attemptis
have been made €9 substitute thd »rimary monkey kidney
cells with other cell~tynes (Meokino, 1977). Morrby
(1983) foun! that the vield »f virus in these systuﬁé N
was relatively oor and thercefore the vaccine arc
expensive. The World Hoalth Orcanization now accopts
the wse 2f nop~tumoricenic cells lines for vaccine
production with certain'provisians (Hillaman, 1982).
The cells used e.r. Vero cells, have to e proven

not to o tumoricenic in nwle micc, they should not
show ~ny chrumosomal aberrations and the finali vageine

product shiuld be purified.



1.2

OBJEZCTIVE OF STUDY

To explain the reasonis) for the continued

outbreaks of measles in recipients of the vaccine, the

hypothesis of possible differences in the nhysico -~

chemical and antigenic »roperties between the vaccine

(Schwarz) strain and Wild strain was adopted. The

present study was desicned to:

(1)

{3)

{4)

Isolate the Wild measles strain involved in local
epidemics, adapt anl oropracate in readily
available cell cultures (notably Vero and Bovine

Kidnev cells).

Compare the crowth characteristics (gytopatholoqv,
nlaque morpholooy, viral vield) of the strains

under study,

Comnare seroloaically the Schwarz and Wild strains
by haemacalutination inhibition, cross plaque

neutralization and immunodiffusion tests.

Study the thermostaibility pronerty of “chwarz

and Wild strains at various temperaturecs.
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2.1. MLASLES VIRUS

(a) Classificztion:

teasles virus helongs to the family Paramyxovi -
ridiae ({(Fenner, 1974) it is cpecifically in the
Mobillivirus arovy which include rindernest, canine
distemper and PPR virus (Yamanouchi, 198C and Orvell,
and Norrky, 1280). !"easles is thc only member of the
mobilliviridae that exhibits hemzoglutination activity

but lacks ncuraminidase (Howec and Schluederbera, 197¢).

{L) The Virion.

The measles virion is an enveloped, helical
particle containing a sincle stranded RNZ genomc

6 daltons (Norrby

of molccular weight of 6.2x 1C
et al., 1964). The virion RU2 ippcars to be similar
in size tc the 50s 7 isolated from other naramyxo-
viruses (Choppin and Compans, 1975), migrating a
similar Aistance with other .aramvxoviruses in
polyacrylamide gels (Pammarkiold and Norrby, 1474),
ard co-sedimenting with the 50s RHA of Newcastlc

Discasc Virus {(1IDV) in sucros. oradients (Winston

et al., 1973).

Hall and Martins (1973) Jumonstrated that the
virion contains six solypeptides, whose molecular
weights range from 38,000 - 75.000 daltons. However,
information on electrophoretic gel pattern by

Granes c¢t al. (197&) suggests that measles virus



contain seven major structurél polypeptides viz:

the large (1), hemagalutinin {(HA) . polymerase (P),
nucleocapsid {(119), action fusion (T) and membrane (M)
polypeptides, Tho Fr-component includes two polype-
otide chains, ¥ and F2 which amre linked by disulp-
Iide bridacs, and only the F2 nolvneptide chain is
alyecosyloted., 1In this rosvect measlos virus differs
from other mombers of the paraavvovirus family, in
which both F1 and F, are glycos-slated (Scheid and

o

Chopprin, 1977).

¥orxby (19645 separate& 5§rticlus that coﬁéain
wrimarily hemagglutinating (HA) activity in Cesium
chloride from infectious viriong that contain both
HA and hemolysin (HL} activities. The HL component
wag found to Lc more sensitive than F2 to thermal
inactivation, as woell as to treatment with formalin -
¢ther or Twoeen €0 - cther {Merrby ¢t al., 1975).
Ehrnst {1672} found Lhe hemagglutinin and hemeolysin

to be antigenically distinct.

Different strain of measlice virus have been
shown to ke ramarkably similar in molecular weight
of thuir polvpeptides. The differcnces roported
concerned small variations in the size of nucleo-
capsid, polymaerase and meombr ane polypeptides (Ball
et al., 1980; Mountcastle and Chcppin, 1977).

N



(c) Stakility, Inactivation and Stornge.

¥rumnar. {1977) indicoted that the measles virus
is ralotively thermolabile., The holf life of the
infoctivity ot 37°C is about 2 hours at pH 7.5 and
there is no detectaoble infouctivity after 30 minutes
at 56°C (Musscr and Underwood, 1560) According to
Waterson (1965) storagc of muns’cs virus in the cold
is greatly improved in the nruscnce of serum of
other »rotein materinls and ir thoir absence; the

infectivity titer falls, cven ~t - 70°C,

Three complimentation groups of temperaturc -~
sensitive mutarnts have beon isolated (llaspel et al.,
1975a). Most of the mutants isolated by these workers
are clagsified as FMA - negotive becausce they do not
synthesize virion RN/ or produce diotectable virus
antigens but produccd syneytin °t » temperaturc of
39°C. The other orcup of RMNA nositive mutants
syntr.sized virion RUIA. nucleocmsids and HA, but did
not form syncytia in infcetod colls; and no HL
antigen could be doetected by immunofluorcescence

tests.

(d) Intcerferon Induction:

Measles virus has been found to induce the
synthesis of interferon during in vitro and in vivo
rcplications (DeMacyer and Enders. 1965). Mirchamsy
and Ropp (1969) demonstratced the inhibition of measles



virus replicotion bv interfcron, when it was found
thet addition of low concentratior of ictinomycin D
to infocted cells inhibited incerferon synthesis armd
enhanced bot)l virus yiclds anl »iaque size. The
ability of meesles virus to induce intorferon is
undexr the genetic control of the virion, sincc
plagque-rurifiedl cloncs of measles virus that inducc
interferon aqenerally retain this characteristic

upon subsecuent passace (Haspel et al., 1975b).

{e) Isolation of mecaslcs virus.

Enders and Poebles (195.) demonstrated that the
virus could ke isolated from clinical materials in
primary cvltures of human and wonkey kidnevs. Some
isolations in other tissucs rot~bLlv human amnion,
hunan chorion, doc, shecp and robbit kidney had been
reported (Enders-Ruckle, 1575, Zompe and Fuloiniti,
1965 ™Makino et al., 1970) but monkcy kidnev remains

genexrally the tissue of choice sirce the discase is

rcoroducible in this animal (Torxrby, 1903),

Measles strains isolated in monkey kidney
cells have been adapted to grow in several estab-
lishad human cell lines (notably Hele, HEP-2, FL
and KB! and in chick embryo tissue culture

(Waterson, 1965, Okuno et 21., 1560,



Enders et al. (1357} indicated thet in the continuwous
hunan cell lirzs, ocrovth is genperally more r~»id and

the cytopathic effect occurs earlier.

(f) In Vitro Effects.

I. Cytopathic Effects ((PL).

Enders and Fcebles (1954) described - very
distinctive cyt. opothic effect rroduced by messles
virus replication in established cell lincs notably
Yero. The CPE is charact .-ix:2d by che formation
of multinucleated gi=nt cells (Svneytia). In
addition, chromosomzl zhkerrations ond hreskaaes
have been okaorved in ncaslies virus infected

cells {Csonk et 2l., 1375).

Strend formaticn is anothcer tvpe of CIE nroduced

py measles virus infectiorn (Odio et al., 1261). This

"

is characterized by the snhoearance of spindie shape
or stellace cells that have lorg and irrecalar cyto-
plasmic processcs, which Parfarovich ¢t zl. (1971)

associated with a kioh concentration of virus,
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II. Intcractions with Erythrocytes

Measles virus is known to int.ract with erythro--
cytes in scoveral ways (Norrby, 196Za.b,c. and Rosen,
1961) resulting in the development. of hacmagglutina-
tion (BA), and hacmolysis (ML} ~ssays. Thesc assays
have greatly enhanced the casce with vhich virus
replication could be monitoroad nnd auantified.
Although HA and HL activities cnn be differcntiated,
Norrby and Collmar (1975) found that the prescncc of

HA is a accessary pre-requisite for HL activity.
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- P HMEASLES EPIDEMIOLOGY.

{(~) Agc Distribution.

Measles is 2 discasce of vouny children cespecially
in pre-school age group (Im~ ¢t al., 19265).
Hendrickse 2t al. (13v4} showed that 30% of mcasles
cascs occurred in childrer under 1 vear of age, 65%
in children vnder 2 vears and over 8C% in children
under 3 vears. Thoe occurcnce of mecasles in children

undcrx 6 months of age was renortoed by Sinha (1980).

() Scaseonal Incideéence

Morlcey (1962) observed the =_:asonal incidcnce
of measles in both temperate 2nd tronical countries.
The author indicated that the sercontage of cases
and deaths show a risc towards the ¢nd of the winter
season reaching a peak in the srrino 2nd earlv summer
in the tomperate regions of the world, while in the
tropics, the dieseasc is noticeollc in epidemic
proportions during the later 20cxi of the dry season
when the peoplc come together for Zestivitices, and
declines with the onset of rains when the pecnle
return to their farms. The hich incidence during
thesc periovds indicate that person - to ~ person
contact plays a vital rolc in the transmission of

the discasc. 2Mbout 20% of suscoptible individuals
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in a populaticon is known to maintnin the virus at
endamic inciduonce while 25% aan initiate a seasonal

gpidemic {Guillozer, 1979).

{c) Sox fncidonco:

The incidence of measley was roported to be more
in females than mrles {(Hendricksae @t al., 1964). The

Sredkam mn ar

exact reason for this variation is unknown.

(1) Varinrtion in Child's Envirvonmonts

The nutritional state of the child before and
during the attack of measles ic likely to be an
- important cnvirommental factor (Wwhittle et al., 1980},
since nutrition was found to boe unsatisfactory in
those rogions where measles is savoerce particularly
anongst children of luwer soclio--economic background

t al., 1980).

[ o

(Ifeckwunigwo

{<:) Resoeorvoir Hosts and Carrisrs:

The incidence of measles in o community is
governaed by the immune status of the population
(Krugmmn, i277}. Thecre appears o be no noatural
reservoilr of infection other thon man (Fulainiti and
Kempa, 19€3); although MacArthur ¢t al. (1979)

reporced the incidence of meeslces in monkeys. The



13,

incidence of clinienl discnse riscs to epidemic
levels at regular intervals in 2 nottern that depoends
upon climate, season, size ~nd density of population
and esp2cially the cmergence of new guneration of

susccotible hosts (Kaplan ¢t 1., 1920).



2. 3. PATHOGENESTS AND.COMP@ICATIOUSQ

{2) Transmission:

Transmission occﬁrs from person ~ to - person
and the e¢arricr state is important {Raplan et al.,
1986} . Kumpe and Fulginiti {1965 postulated that
antry into o4 pow host ocours 2s o result of virus
deposition in the upper rosnirvatery opithelium which
seems the most likely site of multiplication of the

virus.

{th] Incubatinn

Tho First 6bserved evénﬁ folloﬁing tha introduc-
tion of weasles virus into the lwst is its oppearance
in the hlood on the 5th -~ 7th day {Enders ct al.,
1959). During this interval, it is preswncd that
intense viral multiplication oeovrs in reticulo -
endothelial tissue probably followina ar enrly vireamia
1st ~ 2nd Dayy which transfeors virus from r:gional
regspiratory lymphnodos to thw ontirve reticulo -

endothelial systom and viscera.

Withiv 3 doays following incubation in monkeys,
some dugree of generalized lymphoid hyperplasia and
giant--c:ll formation was notad by Sergiev et al.
(1960). These changes ars prograssive until the

onset of prodromal symptoms.
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{c) Smgtoms .

The clirnical mconifestotion of measles infection
is dctailed in several renorts, notatcly Xompe ~nd
Fulginiti (19€5) anl “ordhorst ct al. (13¢8).
Gencrally, the syrmoto 3 include scvere respirntory
symptoms, tovacmis, hioh fever somctimes associated
with fcebrile convulsions, castro-intestinal uysets
fvomitine and diarrboca) which micht cgive risc to
severe fluid and clectrolyte disturbances,; sore mouth
with mucous membranes presentinc a velvety anpearance.
Munerous Koplik spots and rash are notice? (Herdrickse

ond Sherman, 1905).

(d} Hortality

Rich mortality rate rancinc from 5.7% to 30% is
noted in 2frica compar.d with lower values rocorded
for other parts of the world {ltorley et al., 19€3),
with the pecak mo. hetween € - 1C months. Dlorley and
MocWilliam (19€1) ossociated the hioh mort:slity with

lack of food, princizallyvy with protecin starvation.

(¢) Relationship of Ycasles to Othcr Discascs.

The relationship of measlcs to other diseascs
is reviewed in varicus literature. Bech (1955,
reported on the exacerbation of pulmonary tuberculosis
in natural measlcs infecction. Poliomycelitis has been

found on many occasions to follow cridemics of severe
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mezsiles infection (Bloch and Massry, 1963). Artcnstein
and Weinstein (1963) obsorved =~ simultancous infoction

with the viruses of chickennox and neaslos,

(f) Perszistont Infections:

Mcnsles like >ther par myxovirus infectiosns
usuallyv rousults in widespr.ead ccllirlar destruction in
cell cultures, but when surviving cells are sclected
and subculturad ip vitro, thoy arce often found to be
persistently infected (Chornin oal Compans, 1975,
Rapp ¢t al., 1974}, DBarry <t al. (1976) identifiod
various types of nersistently iunficted cultures due
to measles infectiorn viz: (1! the "carrier culturc”
perasistent infection. In this cnsi, Cikson and Bell
(1972) Jdemonstrated low levels ~f infectious virus
in the moediwa. Gould and Linion {1875) showed thaot
such a culture could be naint~ined “hr a long period,
{(ii) The sccond type of persistunt infection reported
is the "nor-wvielder” poersistont infection. These
non-yiclder culturcs were fount Ly Rnight ot al.
(1872) £o be unable to produce infectious virus and
the culturcs also contain virus -grecific intra-

cellular antigens.

In vivo, antibodies werc implicated to play a
role in regulating measlcs virus poersistonce and
conscquent infection by modulating viral antigens

expresscd on cell surface (Olistone and Tishon, 1978).
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(g Complications due tu Measles Infoections,

I, Central Wervous Gystem Disovdors.

Clirically, symptoms that inﬁicatc:nﬁufologiéalu
inyolvemant hove been noticed £ davelop in many
paticrts during measles viruvs infections (Katz, 1972,
Pampiclion. 2t al,, 1971 Aicardi =t al.,. 1977).
towoewar, whether the virus dnwales thoe central nervous
system Surine the primary or sceoondary viremia is
unknowt. Neurclogicol disenses agsociated with |
measles infection include () Sukacute sclerosing
pancnecephalitis (S8PE} {Ter ¥ouwilen et al.; 1972a,b)

an? (b)) Multiple sclernsis {i48) {eaterson, 1371).

I, Disruption of£ the Lmnunce Systain:

Both humoral and cellular wosponses ¢n ke
affaocted in a variety of wavs by measles virus infock-
ion and vhceination (Ketz, 1772}, White and Boyd
(1973} reported immunclogical complication such as
aggregations of thymocytes, formation of large
syncytia in the thymus and destruction of the thymic
cortex.  Firemen et al. (19268} ~nd dweiman et al.
(1971} documentoed transient loss of delayed cutoneous
hypersensitivicy to tuberculin and other antigens in
measles patients and individuals vaceinated with live
measles virus,

The unre¢activity of lymohocytes infucted with
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measlos vivus or obtained from weasles paticnts, as
determined by their inability to mount o proliferative
responsc to stimulating antigens, such as phytohemag-
glucinin (FHL) may be fesponsiblu for the temporary
immunelogical impairement (Sullivan et al., 1975a,b;_

Osunkoya et al., 1973a,k).

III, Bocterial Infoctions Complicrting Measless

Hany workors have reporced the oceurrence of
different types of Suppurative bacterial infections
complicating moasles infection. Most common ara
otitis media, mastoiditis, broncropnownnnis and
combinations therc-of (Wood and Ternstein, 1978).
These avthors reported brohchbpneumonia to be
responsible for mortality rake as high as 32% in
children of about 2 yuars Of ague, while laryngitis
accounts for about 25% marthility rate. In the
tropics such illnocsses like dinrrhoea and kwashiorkor ,
often in combinations, complicate veasles illness

Morley ot al., 1963),
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2.4 PROPHYLAXIS (IMMULILIZIG'TOM) .

{a) XLctive Prophylaxis:

Two difforont vaccines noaacl live and inacti~
vatel memsies vaccines arc available commercially =211
over tho world. and both voceinos ore derived from

the origiral Edmonston straoin (Folaman,: 19%64).,

I. Live measles voecelino:

Tw, live measles virus voceines have been studicd
and both are available as lieccnse! products t;1Vu
attenuated and live further atteonunted) (Krugman.
1971). The live measlcs vaccines licensed for general
use in 1763 were foun! to be hi~hly e¢ffective in
producing antibodics and civince protection ngainst
the Adiscose (Feldman, 19264). Krugman {(1965) reported
on the high incidence of febrile roaction and rash
following the administration ¢ live measles Edmonston
B vaccine. Tha mild systemic riacuion could howevor,
be reduccd by cither cor-alministration of a precise
amount <f gamm~ globulin with live vaccine or further
attenuation of the virus throuch ~dditional passages

in tissue culturce.

The aldvantages and disadvant=aes of live mcaslces
vaccine were documented by Kruagwean (1965 & 1977). The
advantages include (a) high scroeconversion (b)

stimulation of 2ll arm of immuaity. While the
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disadvantaccs are (2) risk of roversion or chonge of
virulence (b) development o7 -tynical measles (c)
ineffectiveness in the »oresqne2 -f antibodies (d)
difficuliy in cnsurino adequite ~ttenuntion (e) rick

of contenination.

II. Inactivated measles vaccin

The apnlication 2f measl.: inactivatcd vaccines
in l-roz scexlc ficld trials was rzoorted by Goard ot al.
(1565)., *h. sdvantage assocl .l with thc usc of
innctivote measles vaceine incloae safety, applica-
tion in intividuale wicth collelar 2eficicney and
effectivoness in orosence of ~niibndies (Feldman,
19€%). ofn’l the contra-indic::isng ~2ssociated with
the niministration of inactivatcl m2asles virus
vaccine were summcd un by Gaed ot al. (1965) and
Kempe ond fulainiti (19€5) an? irclude rapid antiboly
decav cate (b) reguircment of aljuvants (c) stimulation
of mainly humoral immunity {3 high cost of production
duc to larac amount ~f anticonic mass {(e) induction of
immunoloagic hyper-reactivity such that whon recipiconts
were challerged by the virus ~2 it occurs in nature

{f) low levels of seroconversion.

Horrby et 21, (1975) foun! that the killed vaccine
hithoert) employed lacked heiclysin. onc of the major
viral cnvclope components. Thus, it appears that now

types of killed vaccines cortnining 2ll esscential
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cnvelope antiguns could possibly wrovide more durnble
protaction ngainst measles than the present forms of

inactivtcld vaceines

ITI. Cmbincd vaccines,

"he combination of inactivetcd and live measlces
viruve voccines has provoed t0 b o gafe and effective
immunizinvg roegimen for protection noainst the Jdiscasc
{Rod et al., 1970).

Ueda et al. (19C¢€) show 1 that vacecinetion with
the Killel - live ucasles wiruz vaceines (KEL) has the
alventaae wvaer the attenaato’ livees measles virus
vacecin: us. nlone in that the Cowelonmert of febrilc
reaccion 2% ralueed without ~“Iooting the ntiboiy

respons: £ live meosles visws vaceine.

It was reported Ly Brody ct ol (1966) that

antilk v 4id not persist after the Lilled - live (KL)

L

method f vaccination, but Uois o 2l. (1970) showed
that nentzalizing antibody arising there - from
remained stabkle for at least 5 vo~rs, Sangkawibha

et al. {iZ71a.b) indicated that in the abscnce of
natural measles virus, antibodice titers after the

KL vaccinntion decrcasced racilly luring the first

ye=ar following successful vaceinstion to a level
which remained unchanged for at lenst one more ycar.
However, Chatterji an! Mank:i (1977, reported the casc

0of 2 child in whom atypicnl measlos developed despita
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the frcl that she hald recceiv.’ live measles virus
vaccine sevoeral years after rocciving killed vaceine.
One reascn alducad for the occurionce 0f the atypical
mecasles by these investigcotors was the possible dcstruc
tion of the live attenunted mensics virus by the
alrzady present antibodies of a prior immunization

with kilied vaccine virus.

The trivalent combination f live measles,
snallnox and yvellow fever vaccines which showed
identicsrl seroconversicn rat- eilth any of the vaccines
usc! monovilontly was reporeael by sleyer (1265).
Arakaw> (v Sl 8965) founl encouraging results in

infancts reenunding with sufficiont antibodies to

Diphth_.sia - Purtussis ~ Tctinuvs licnsles vaccine
{(DPTH} ond Hroved that the ootoney of measles vacceine

in OPTH condsination is chove »r £bhe same level of that
in sincic live mceasloes virus viceine preparation.

The remarkable levels of antiusdics following the
administration of mcagles - muauwws - rubclla vaccincs
was inlicmted by Weibel et 21, (1978) and was found to
b¢ similor 2 that following nntural measles infection.
Warren et al. (1963) also reportel on the nossibility

of combinine measles virus voccine with polio.
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(b} Fossive Prophyloyis.

Varicus preparations notably convalescent scrum;
placenta ~xtracts globulins, fractionated blood
globulin, gamn~ globulin extract.?! from plasma have
becen wilelv usced for oronhylaxis ngainst measles
infocition {Perkins, 1965). There are disadvantages
assoeinted with the various prepacatinns. These
inclule »rincipally the occurrenc. of serum diseases
like serum hepatitis, difficrlty in obtaining adequatc
suppiios of vthose materirls, Jow antibody concentra-
tion; local inflammation (hy»ersensitivity), headache
anl low grade fever followino nassive prophylaxis.
Despit.: the obvious disadvarc: .z anl problems, Perkin
{19°5) inlicetod several situations in which it is
desirablce to prevernt 211 sympooims Of measles infection
by passive prophylaxis. The situations include child-
ren under 3 years of age in whom the mortality rate of
measles infection is highest, oo will as sick or
debilitatced children; children wiho have never becn in
contact vith mcasles and must cravel; children onter-
inag hospital who will be oxpose? o other sick children

and non-impune preonant womoen

(c) Present Status of Prophylaxis:

The results so far obtoined wsino the plethora of
vaccines (both live and inactivatoel) coupled with the
various programmes of administration (intramuscularly,

subcutancously, intranasally) show no general agreament
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about what kind of wvaccine shoeld Ee regarded as the
vaccine of chaice. Accurdine -o dnllgren (19€5), the
ideal vaeceine should not noeceessicate throc injections
or the usc of camma clobhulin Tt should give suffi-
cicntly high 2nd persistont imeunity, and be safe and
freoe from nide effoects. Inscivoterl mensles virus
vaceincs useld alone have lower immurologicsl response
and the durstion of immunity wucls chorter than with

the attonuatol live vaccines {(xuwanan, 1371).

Inspite »f the impressive: lecreasc in the number
Of reoare.:? cses of measles "wing the last decade
which Tandrigan ani conrad 1371) ~nd ¥rueman (1977)
attributed to widesprand nvnil-hility f attenuated
men~sles virus vaccines, outbres ke smonc recipients of
the vaccines hwe eontinued €0 secur. (RO ¢t al.,
1970 %Wylil and Witte, 1971) Iin cases whore there
were cuthroak of measles infection in recipicnts of
the vaccines, dcectailed inforasntion was souvght to find
out the ossible factors responsibhlic., The adduesd
fact.ors wore: (o) The possible andministration o€
inactive vaccine with the rescleant failure in initial
sero-conversion (King, 1978 Eghaiona ct al., 1979).
{(b) The lack of hcerd immunity {Lyll and Witte, 1971).
(c) The route of administration v s immlicated by
Wood et 21. (1980); which inlicated that the intra-
nasal route of vaceine administration was better

than the widely uscd subcutanccous or intramuscular



alministration. i1) The incbility to produce non-
snecific inhibitory substanccs and antibodies against
me~sles by children with chronic disorders of the
rceticuli-endothelial system such as leukemia or by
thonse with nreexisting dis:nsc like sickle~-ccell,
primcry tubcrculosis and finally by those receiving
stercid theropy (Aukrust et 2., 128C). (e) The amc
of vazeination is an inpurtanct factor affectina

monsles vaccine cffic~cy (Shelton et al., 1978,
Marks 2t 3}., 197€, Brunell, 1¢7Q8}.

The committee on Infectious Disecases of the
fmerican Jcalemy of Pediatrics in 1976 reviewed and
conlensal 11 pertinent investigation on measles
immunization; and recommended that the optimum age
for m:asles immunization be 15 months rather than 12
monthe . ™o vecommendation was ~1s0 given, that measles
vaceine should bhe given anytine ~frcer € months of age
during the course of on cuvthreni . hut under these
conditions A sccond vaceination should be repeated
after 15 months of =g:. Vaccinotion at an early age
may bc unsuccessful duc to th: interforing cffoct of
transplaccntally aequired ancilixly (Krugman et al.,

1967).

MNorrby (1976) indicated that, vaccination
should not be carried out too ecarly before the age
of one. 1If dune bofore this age, it may result in

restricted viral replication, owing to the presence
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of maternsl artibudies. anl the immunity produced
may be ~f relatively short dursti:n. (h) The
possibllitv that gamms globulin mnsking the stimula-
tion »f active immunity by th. vnccine especially
in ¢xcassive Cosc was indicate’ 'v Torman anl Goll
(1971). Irbeter et 2l. 11972) swraqcsted that child-
ren tho are immunizod with live measles vaccine in
combinnti n with gqamm globulin in the first year of

lifc, should be recalled for »ovceination.,

The rossibility of zooprophyli xzis ~oainst measles
with canin. Jistempor virus was svggested Ly

Wallgren (1965),



™
o

IMMUNITY TO MENSIRS.

Elack and Roysen (1962) slowed that a single
attack -f measles confurs life - long resistance; but
Miller (i94C; api Choerry (1°980) (dhcumented scecond
attacks in oersons who previously had measloes
infections., Brody ¢t al. (126€) reported that twd
years ~fter vacecinotion inspite <2f the bnoster
cffict Of natural mensles, thc wmeibody titers among
those whe reccived inactivat ! veccine plus live
vaccein: Teclined to low or unistoctable levels in

more “kFon helf of the vaccinuss,

waslis virus is known ¢o ctimulnte infocted
tissue culturce (De-Macyer and “nlers, 1965) or
human white bleod cells (Cressex, 1%61) to produce a
mlyaentide (intoerferon). %his aopcars capable of
inducin~ as yot unknown chana s} at the subecllular
levels which prevent viral roclicotion (Isaacs and
Lindermann, 1957). Wilson (71957) Acscribed measlcs
immunitv as an infcction immunitv . but noted that
the measles virus has not boon founl to porsist in
cells of patients as with other infeectinn immunities
like tuberculonsis, syphilis hnistonlasmosis, helmin-
thic infections (¢.g. Trichinclla) in which constant
presence of anticen provided constant antioenic
stimulus for antibody production which confers immunity
throughout lifc. Howcver, Osunkoya et al., (1974a,

1974b) not only detccted menslios virus antigen in
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human loukocytes by immuno-flourcscencs:, but also
observzd that me-sles virus would not only infect
human iynphoid cells, but also procced to actively

replicate in such cclils.

Loeunity to measles is poctly dependent on the
level o f circulating antibhdics o measles virus in
cach individunl. Usually. nxrborn infants are protec-
ted bv m2cernal antibody for 5 % months after birth,
but Eqgharmna et al. (1985) obscrved that with increasc
in mrtornal parity measles HAL ancibody titers in chill-
ren declinced. It is known that irotective antibodies
of such wothicrs woiuld have ool metabolized to such
lavels . that there is little oxr no protection for
childr:n thus born (Sinba, 1340}, Albrccht ¢t al,
(1977) found that ot 12 months . some chillren still
have mcasurablce maternal antibolics to measles virus,
Kruoman (1977) studic! the percisconee of HLI anti-
body for » period of B - 10 yvooys, vith ropping
titers in children who were not oxiosaed to naturally

circulating mcasl.s virus.

This dcecline in antibody titer with time, raiscs
conccrn about how low the lovel of antibody can fall
before an individunal again become susceptible. Gdama
et al, (71928%) stulied the ncutrnlization of measles
virus ~nd founl that HAI titcrs of 1:16 and above
inhibit<d viral replication for 3 days. It was simi-

larly obscrved by Ueiner st al. (1977) that subjects
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2.6. METHODS OF CHARMACTERIZ.SION AMD DIFFERENTINLTION

OF VIRUS STRLIHNS.

- t—

b comparison »f vorious vwooorties (ohysical
chemical biologicel, gencticnl ~nd ipmunological) is
¢ssent:ial in c¢stablishing rol-tinnships between viruses
(McCormick et al., 1283). CGon r2liy, many of thesc
properties are used in comblia: zioa or gingly in the

characteorizatiosn o€ 2 virus.

rdemvigus strain TL was lifforentiated from
strain KE7 Hn thoa basis of Lothogoenicity and tissuc
tropism {(Sugivoma et 21.. 19C7 »n' Van der Veen and
Mes, 1973). halkove (1974) use’ sionificant diffore-
nces in ploque size, virulence w0l thermostability to
Aistinguish botweon will 18i.3 nnl laboratory -
maintained strains of Tahyn- viruscs  Johnson et al.
(1982) comnarcd four strains f subacute sclerosing
panencephalitis (SSPE) virug with the wild type
measles virus (Edmonston) by considering the titcrs
of extra-cellular virus, moxpnolody of cytopathic
effect onl nccurrence of difforont measles virus
antiguns within infected cells as determined by
immunoflouwrescence.  Varjnnts of influenza A virus
with diffcrent pathogcnic*;y for mice were found by
Ivenova ¢t al. (1982) usigg biophvsical characteri-
stics namely reproduckive activity at optimal tempe-

raturc, plagque - producing activity in chick fibroblast



an?! pulvieptide comrosition.  Ploaguwe norphology was
the sole canracteristic used by Lionn et al. (1980)
in distircuishing between viruviont and attenuated

measles virus sirain.

fve anticcnically inligtinguishable Kilham rot
virus (XiV) strains 171 and 300 were found o have

differcnt host ranges anl th 2wsils axhibiced diffe-
rent isx-clectric points (iltrs~ 2t al., 1582). The
growth curves have als: bee usced in revezling diffe-
rences betwecn viruscs anl cts~inz {(Hondricks et al.,
1923 and Mcohee ot al., 1985; Gther workers hava
emnloyved inactivation rates or temnerature sensitivity
ns the parameter €or charactrizing viruses (Gaun-i:
et al., 1983; Toranzo anl Batrick, 1782). Eedson
{12€7) uscd thymidine kinase activity to Jifferentiatc

between some isolates 0f Orthovix virus,

Genetically, a myriad of tecnniques hove been
emploved for stuldying viruses. Zor aexample, the
physical map of the DNI. of two cviomegalovirus isolates
’D-169 and SC were compared by Croiss-blot hybridization
(Weststrate ¢t 21., 1983). ciss ond Icibowitz (1583)
stulicd the characteristics «f murine corona virus
REA by bybridization with virus -specific complementary
DNA nrobes, The DNG Sf various viruses have becn
easily distinguished from cach othor by their restric~

tion enlonucleasce patterns (iiCintosh and Ignoffo, 1933
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Rohrmanr. 2t al., 1982). Th: genctic andl antigenic
heturagouneity amongst & collootizn 2f 17 poliovirus
type 2 strains werc lctcetaed by Minor et al. (1982)
using m:ncclonal antibodics ~n? 71 oligonucleotide

maniing.

monoclonal antiboiy technicu: was employed in
distinguishing horpoes simploer tyv.c 2 clycoproteins
{Balachamdran ¢t ol., 19€%, Zumcr~ramy and Elough, 1983).
Lafronesis ~nd Lyles (19€3) sol ot antigenic variants
of vusicular stourntitis viruz (VSV), serotypes MNew
Jerscy ~nl Inlinna (VSV-NJ; V3V-Inl) by using a pancl
of moncclanal antibolies (H™hY specific for the major
surface clycoprot irs. Measlos polypegtides have been
charactzrized by such pancls I moroelonal antibndies
secreted froem human or mous-: hybridomas (Croce et al.,
19€0; Tognshi ct al., 1981; HeFarlin et al., 1980 and
Birrer ut 21., 19€1). Gould ot 21, (1981) examined
the immunclogicnl relationshi + botwoen measles virus
an! canine distemnor virus using monospecific mcasles
antisera, Antiqgcnically distinct strains of other
viruses have boeon detected by wwonccelonal antibody

techniqu. (Greenboerg ct al., 1882).

Comparative scerological (hemagglutination inhibi-
tion and noutralization) charscterization and biochemical
(isoelectric focussing) were lonc by Kinney et al. (1983)
to distirquish betwecen viruscs in the Venezuelan cquine

encephalitis comnlox.  Trushinskzya et al. (1982)



33.

stulicd the homagolutinin antiacnic leterminants of
Influenza 7. virus by solid-pbasce radio-immunoassay.
The antigonic relationship of viruses have boen deter-
mined ky neutralization tezt (CIE inhibition) and
c¢nzym: - link2 immunoscorbent aszny (ELISA) (Wigand
et al., 1982: Thouless et 31. . 75%2). Neth et al.
(1973} >bsurvel antigenic voal-wion between SW/73 amd
SW, 31 Influenza viruses using scohlugical test. The
varistion was Jcetectel onlv vhen 5%/73 antiserum was
vsed in roiio-immunoassay technigue with purified
129 1abeiled viral antigens and it was indicated that
it is pi3sible that 5W/31 virus, vndervent o point
mutati n, whercby a weak or non antigonic site was
replace® by a strong antigenic site in SW/73. Hence
antibtodics snecific tc the new antigenic determinant

in 87,73 may be unreactive naainst SW/31. In addition,
the degroe of displacement OFf 125:-&'.?1/73 antigcn from
the SW/73 antiserum in the 1alic amunoassay by increas-
ing concentrations of unlabcll.? antigon woas greatoer
with €W/;73 than SW, 31 antigen. thoreby indicating that
SW/31 antigen lacked new antigonic determinants needed

to eompcte for the antibodies,

other scrological techniques have been used in
the comparison of viruses (Korcher et al., 1981;
Goswami and Russcl, 13%82; Shirzki 2t al., 1982). The
great value of antigen - antiholy reactions is their

specificity: an antibody will combine only with an
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antigen which contains arop’ngs of amino acid seque-
nces similar to that causing its formation in an -
anim=21. The production of antiviral serum has becn
known fr o long time, but mweil irccently, most serolo-
cical cests have kecon 1one by eni-point titration in
Liquid mediva (Thouless et ~).. 19682). The Hashimoto
ane. Lawnsc (1983) agar dAiffusion tochniques has

greatly facilitatoed the testing Hrocecdure, and has

mar os3ible an exact metho) “or *fetectinc the quantity,
the nuncr and the kKinds 2f santiocnic componcnt within

and cntigen - antibody system

The ehoice of an immuncloric-l testing proccedurc
depenls upon the skill and intorest of the investigater,
sinc o ch technicue contributes to a hetter understond-
ing of the virus., 1In this work, the techniques usced
to charsctarize ard compare the %Wild measles virus

with 5chwarz strain werc {a) “yiooathic patterns in

<

2ro - anl BK = cells (b) Virnl yield, (c) Plague

(1]

ize. {1) Serological tests (HiI, BT, Immunodiffusion!

and (¢} Thermostability,



CHAPTER 2
ISOLATION AMD PRIPAGATION,
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3.1, INTRODUCTION,

Various clinicel soecinmens viz: scrum Or
plasma, wholc blood, lvmphocvius, thir>at and nasal
swabs ., urinc cte. have been usel £oxr the isolation
of measles virus from infected persons (Enders and
Peeblcs ; 1954) The use 2f hum~an blood for measles
virus is lation almost certa2inlv owes its success
as a source to the presence of acasles in leukocytes

(Osunkoy= ¢t al., 1974a,h).

Enders (1962) noted thet rimory cell culturcs
make more scnsitive subtratcs than continwus cell
lines. HMatumoto ¢t al. (1961} indicated that
human embry> kidney and monkev kidncy were equally
sensitive for isolation of measles virus. Once
this was azccomplished, conversisn to growth in conti-
nuoue cell lines seoms to be reasonably casy. This
section reports on the isolation »f Wild measles
strains using Ver>,; and the propagation of both
Wild and Schwarz strains in Vero ond Boevine kidney

(BK) cells.



36.

12 MATLRIZLS 2ND MITHODS.

(2) @ild measlcs Virus (Iv;fl.

Collectin and Storage of specimens

about 5ml of blo>od was c.llected from measles
paticnts by the clinicians using venous puncturc
methoa . The blood was immedinstely
disoensced int» sterilc vacuun tubes containing 15
units, ml >f heparin, The bl .d wag processed within

12 hyurs ofF colleetion as det2ileld below.

Lymph>ezte seperation:

The heparinizod blood wos trrnsferred intn teat
tubes, and diluted 1:1 with roranl saline. The
lymphoeeytes were isolated by loyerine the diluted
binad inte an equal volume »f Ticoll - Hyooague
gradient (Pharmacia, Uppsala, Sweleny as described
by Boyum {1968), and centrifu~ing =t 1,000 x € at
room tempoerature for 30 min., 7The lvmphocyte band was
collected into centrifuge tubes; washed threc times

in 10mls. phosphate buffer saline (PBS) (ni'. 7.4).

The washed lymphocytes werce subjected €95 three
cycles of fraczing and thawing., The homogenates
werc clarificed at 10,000r.p.m. for 10 minutes at

4°C, then the swernate was pclleted at 24,000r.p.m.
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for 3 hyurs using SWdl - rotor (Serial No. E 2193)
in ®cckman Ultra centrifuge Model L5-50, The final

pellet was stored at -~ 20°C as virus isolatec.

(k) Schwarz mcasles virus (MV-S) -

The Schwarz strain mcasles virus (Dow Lot
5559£0x) nmssaged once from the sced virus in chick
embry: fibroklast, was obtaincd frum Dr. F. E. Zndre's
Laboratory (Smith Kline - RI™ Biol~cical Division,
Rixensart, Belgium) as a lvophilized preparation.

The sced virus is used in the presaration of meeasles
vaccine Rimmevax SK apnd F, th: common vaccine used
in Niceria. The virus was roisclated in our labora-~

tory using Vero cells.

Growth medium.

A single strenqgth Eaqlc's medium M.E.M. T.C. 46
(Wellcome Reagents Ltd. Beckznhem, Encland) was
prepared by dissolving 10gm of dricd medium in 950mls.
2f de~ionized water., This wos sugs-lemented with 10%
fetal c~lf serum,10% tryptosce rhosthate broth (TPB)
(Flow Laboratory, U.K.),antibi~tics (Pcnicillin
G 200,000 units/litcer and streptomycin sulmhate
100,0000m, liter) all supplicd by Scrva Feinbiochemical
Heilelberg and 1Tml of Pungizon. 250mg/ml.  (Flow
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Tehoratory, U.S.A.;.

Maintainance wediw:

Cell cultures were weinteined in a similarx
mediuwa but svnlencnted with 2% fotal calf scrum

arnd 2% tryptosc zhoswbhate lroth.

Iissuve culturc:

Virus isolation was carried out in Vere
cells (P.131) obtained from Figerian Veterinrary
Pescarch Institute (1V7XI), Vom, Nigeria. TFrecze
dried Schwarz virus was reconstituted with 1ml PES
while the frozen V1112 wmecaslecs virus was thawed.
These were seede? on corflucnt monclayers of Vero
cells which were corlicr arown for 4! hours at 37°C
in 320z plastic cwcll culture bottles usirnc Eagles
MEM crowth mediwn. (he growth nmedium was deocanted,
the ceclls were washed with PBS,; infected with C.5ml
of virus, ther incucated at 37°C for 1 hour, ond 5ml.
maintainance wediuwn was addced., The irfected monolayer
were incubated at 27°C, and observed daily for
cytopothic effect (CPE). The cells were ruptured
by three cycles of freeze-thawinog, and cell) dcbris
removed by centrifvcation at low speed (10,000
r.p.m.) for 10 min. in Eeckman Ultra-centrifuge. The

supernate was carefully decantcd and the virus was
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pelleted by further centrifugatior at 30,000 r.p.m.
for 2 hours. The nellet thus cbtained was resuspended

in 1ml, >f PRS as stock culturc. ~ng stored at - 20°,

Propacation Hf measles virus in E¥C:

Virus suspensionc in tml. a~intainance medium
werc sceded into culture flask 0f confluent BRC (P.5)
obtained from MWRI, Vom, MNingcrin. The virus was
allowed to adsorbk £for 1 hour at 37°C, then 5 ml. of

maintainance was mediun adie?.

Similarly, BKC from conflucnt wmonolayer werc
disversced with 0.025% try»sin an'! inoculated with
1 ml. >f viral susnhcnsion; thoen 5uwl. of maintainance
medium added, Culturcs were acxomined daily for CPE

for 2 rerind of 7 @ays for the development of CPC

Purification;

Sucrose (Analar BEDH Lab. Chaa., Div, Poole,
Enagland) was dissolved in Jdiscille? water in various
concentration (10%, 20%, 30% inl 40%). Thecse various
concentrations were carefully lavered out into
Beckman's Polyallomer tube in 1.6. 2.8, 2.8, 2.68ml.
respectively; and left overnight in cold to have

linear or smooth gradient.
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Sucrose cradiet columus was run with Tml virus
sample cuntrifucation in e Beckman Ultra - centrifuce
at 35,000 r...m. for 2 lours at 4°C as dz2scribed by
Schluederberg (1962!). Virus zoncs werc recadily located
by light scattering (V- photometric scannine in CE 202
ultre - violet spcctrophotonmcter. The virus sample
was removaed from the densitv ~ cradi.nt coluun by
inserting a bhypodirmic ncedle down through the top of
the column to the desired dcreth, and then slowly
ramoving the sample. The band was washed with FIS
under centrifugation thrice and resuspended in 5mls,

of TILS.

Spectrophotometry:

For measuring absorbancs, cuvettes fillad with
the virus solution arn’ the TP (nF 7.4) without the
virus (blank) werc inscrted into the spectrophoto-
meter (Model UNICHNY PCEF SP8-10C). The wavelenath
dial was set to the reguirzd wavelenath in the range
320-229mm. The blank was first positioned in the
licht bean and the scele set to road zero ahsorbance
(= 100% transmittance). Aft:r this, the 2bsorhance
was read off the cuvette with virus solution,
rbsorbance patterns were noted at 10mm interval of

the whole range of wavelencths.
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Determination o€ Virus titer.

Viral titration -ns donc by inoculating 0.2ml of
ter fold virus dilucions into each 60mm potvi dishes
certairine confluevit Vero co«:lls. Four cultures per
dilution wore used. Phe cultures were incutated at
37°C and olbserved Asailv for CTE. 7Then TCIDSJ was
cstimated accordinc to the method of Read and Muench
(Basic Viroloaical Mctheds: Crist et al., 1973),

The infectivity titer of TCIDgp was further
guantificd by the plague countinag method of DoMaeyer

(1260) with modi‘ications as described below.

Plajue Assay:

Growth and laint - inanc. mediun. As already described.

Overlay mediuw:- Tro overlay nedium consisted of

zqual volumes of douvhle {2x) strencth Eagles «.E.M.
contcinine 5% tryptose nprosphate broth. 2% Ion acar
(Oxoid, Encgland) and 0.01% sodium azide. This was
supplemcnted with 0.01% DEAE -~ Duextran (Pharmocia
Fine Chemicals, Locder) and 0.01% Maonesiuan chloride
(RDH Lab. Chem. Div. Poole, Enaland) to aid nlague
development. The overlay was maintained at 25°C in
water batbh until used.

In details, monolayers of Vero cells w.re
prepared by seedine 60m plastic petri dishes with
5mls of 3.1 x 10° Vero cells/ml. Aftor over-
night incubation at 27°C in a humidifiecd ctmosp-

hare of 5% (‘o? in air (standard conditions) the
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growth medium was roemoved and cach culture inaculated
with 0.2ml. >f suitably diluted virvs. Inocula were
allowe? to adsorb for 1 howr ~t 37°C amd Jverlay
medium (5, Omls) added to coch lish., After 7 days
incubation under standard conditionsg, 5.0m1 of a
seccnl overlay medium into which 0.01% neutral red
{(volume /volume) had becn incornornted was poureld on
dish. Plaagues were counted with the aid of a magni-

fving ¢lass after 24 hr incukation,



3. 3. PZSULTS .,

OCut of 115 measles nationts screenced, 14
(12.17%) yiclle? virus which showel cytopatholoqy
in ccll culturcs (Table 1). Only sample LBUMI No.
539482 was uscd for further investigation. The
devclopment »f eytopathslogy wns noted in Vero and

BK calls.,

The purifi=1 virus swmplos when scanned in a
spoctrophotomer cave a tyrieal virus spectrum with
maximun zbsorbance 2t about C60ma 2nl a minimum at
about 240nm (Fiz., 1) with n) corrcetion made for
light sceatterinc. The titers for both Schwarz
(MV-3) ond Wild (MV-W} wcaslous strain werc

cstimated at approximatcely 1000 Zu,ml.
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Table 1: Profiles of =aticnts from whom measles
virus was iso’ited.

Ratian: Ace Clinical

NG . fmonths) GSex Vaccination pictures
545642 1€ M Mo sSevere
539220 10 P o Severe
53949 19 r Yes Mild
539060 24 1 No Mild
389274 18 M No Mild
539862 24 r No Severe
471976 30 1 o Mild
58919 7 M No Severe
5394€2* 9 M o Severe
54527M 18 i | o Mild
551153 1¢€ M Mo Mild
551280 18 i1 Mo Mild
551156 12 F No Severe
545¢€16 13 F No Mild

*Isolate for further study - chosen bccause of the

severe nature of clinicel measles.
F -~ Female
M - Mele.
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3.4. DISCUSSION,

Cytopethic ¢ffects (CPE)} woere roted in hoth
Vero and BK c¢ells. The tryusinizstion of cells
seems only to have increased thiir susceptibility or
sensitivity to mergles virus, sincoe (P was noted in
both conflucnt and trymoin~trested cuvltures at diffe-
rent times. The ability of tle virus to form CPE
fagter in trypsin-dispersed cell wrs expected,

Trypsin hog necen shown to hovo an wrbaoncing effect on
the rlagquing efficency of vacceinia virus {Gifford

end Klepper, 1%€¢). Although the michanism of enhan-
cement is unknown, it w2s svogestoed thot the tryesin
"conditionzd® the cells to permit virus entry nrohably
by exposirg recentor sites.

It is usual to use the cheiacteristic spectro-
nhotometric spectrum of viruscs to ascertain presumap-
tively if = prermaration is » virus or not [toordam,
1978). Most of our preparationg absorbed maximally
at 260me and minimally at 240nm which is representative
of the absorbance vattern known for viruses., Spectro-
photometris data may ke indicative of the presence of
proteins or nucleic acids but the dzta do not prove
that the absorption is caused hy & virus. Isolation
of other materials may show absorbance suggestive of
viruses., Therefore, é correlation with, for example,
infectivity and sercloagical end-point is needed as
further indication that the absorhance is caused by

A virus,



CH.PTER b

CRONTHE CHARACTERISTICS OF SCHYARZ
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f.1, INTRODUCTIO!L.

The attenuated mutents oOf scveral viruses arc
characterized by well definel in vitr> diffcerences
when compared to their more virulernt countorparts
(Schwartz and Roizman, 1969 Fiqcucr:a and Rawls,
1969}. These differconces arc cenctically stable and
can be uscl as markers for com_orince viral strains.
For example Goull et =~1. (1976) ilentificl two strains
2f SSPE ~ associated viruses basad on the type of CPE
formed (syncytizl -r non-gvneytinl) and its rate =f

ansec.

Mcaslcs virus can be nropacoted in primary
culctures of human or simian origin, and a variety of
continusus human cell lines originatinc from both
normal and malicnant cclls, In the continuwus systems,
multirlication gecnerally occurs more rapidly with
earlier ~ppearance of cvtopathic chances consisting
of syncytia and spindle-cell structures (Makino et al.,
1970).

The different cytopathic ¢ffects have proved
reliable criteria of monitoring viral multinlication
and have also provided the basis for convenient and
fairly rapid procecdurcs for distinquishine a virus,

agssay its infectivity and in the letcrmination of
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neutralizing antikodies (Enloers, 1962). Grist et al.
(19792) correlated the leveldorment of the cytopathology
with the develyoment of virws ~nticcen and formatdon
of infection.

Mann et al. (1 900) indicatcd that virulent
Ednonston strain cen be differontiated from the
attenuated strain on the basis € plague morpho logy
and 3ize¢ with the virulent stroin larger in size
anl roucher in nnr;)hoiogy. Various strains of
pseuvdorebics virue have beon classified into three
cateoorips nemely modion size lagws, lorge plagues
and well formed small nplagues by Golais gt al. (3962).

The crowth choaracterisiics of Schynarz and Wild
measles strains were cxamined in this scction, by
cytongtholooy, placsue size., Compnrative siral
yield in Vero and Pk-cells were also stulied.
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4.2. METERIALS AID METHODS.

Tissuve_culturc:

Bovine Kilney (BK) (P.5-f) and Vero (P.136-140)
cells were used ir this investication. ©Doth were
suvwplied by MNicerisr Veterirorv Resecrch Institute

{NVRI), Vom, Miccrio.

Crowth and Maintainance medium.

Same as in chanter 3 pages 37 and 38 (Meatcrials

and Methods ;.

Ovurlay medium

Same as in Chapter 3 pace 41 (laterials and
Methods).

Both confluent and disperscd cultures
of cells in 255'(::1?' tissue culturc flasks, were inocu-
lated with cpproximetely 200pfu/0.2ml. of Schwarz
and Wild samples. The cultures were allowed to
adsorb for 1 hour at 37°C. Then 5ml. of maintai-
nance medium w3 addel and olserved for evidence of
CPE daily. At reoular intervals of 12, 24, 36, 4¢,
60 and 72 hours, 0.2ml aliquots of the culture
medium were taken from triplicate cultures after

rocking of culturc flosks. The fluids, thus derived
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from culturcs infected with the same strain were
titrated and the amount of infectious particles

present was deteymincd by plogue 2ssay methods

already described. 2All experincents yere done inm
triplicate, The morphology of plajgues thus

develpgned in various cell cnltures were 2lso noted.
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‘1- 30 EESUIES-

Cytopatholooy:

i‘ke Vero cclls showed syncvtial and ciant cell
formetion, while the FEC mairly spindle cells when
inoculated with Schwarz and Uild measles strains
(Plate 12E). These carly chances were often
accompanied Lv the followina phenomera cell

roundinc, pyknosis ond disirtegration.

The cytopatholoay of Schwarz strain hecome
evident in 7 days and Wild strain in 5 days in
confluent Vero cells, while the disoersed Vero
cells showed CPE a2t 5 and 4 days for Schwarz and
Wild streins. ‘The Fovine kidney cells were more
sensitive to the virus than Vero, showing cytopa-
thology in 6 and 4 drys cornfluent culturcs for
Schwarz and Wild strains, and 4 and 2 doys in
dispersed cultures for Schwarz 2and Wild strairs

(See Teble 2.1).

Viral vi.:ld:

The viral vield for Schwarz and Wild strain
are presented in Talle 2.2, Viral yield was

lower for Schwarz strain compared with Wild in all
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cells by analysis of variance (F * 9£743). Both

Vero and BK cells showed no significant differenc-

inviral yield (F « 1.169),

£}.a<3ua. /\lOI’PhO/\ov*n
Schwarz strain developed jsnooth plaquos of
less than Iym in size, while the Wild strain showed

rough plaques greater than Kum in size.
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Table 2.1: Tine {(dzvs) for 100% CPE Develooment in
various cell cultures by Schwerz (MV-S)

and Ywild (MV~-W) lleaslus g8 trains

Strain Confluunt 2ispcrsed
vero FKC 12xo BKC
Schwarz (i"V- S) | 6 5 4

Wild (MV-W) 5 4 “ 3




Plate TA: Cytopathic effect of Schwarz (MV-S) and
Wild (MV-W) measles strains on Verc cells.
Arrows show syncytial and giant cell

formation. Magnification x 100.
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Plate IE? Cytopathic effect of Schwarz (MV-S) and
Wild (WV-W) measles strains on fjovine
K id ney Cells (BKC). Arrows s how spi ndle

cell formation. Magnification x 100.



Table 2,2

Viral Yield (pfu/0.2ml) of Sclwerz
Verc and Fovine kidnev czlls.

{(iVv=S} and wild

56,

{MV--11} measles strcoins in

Incuba~-

tion Schwarz (MV=-8) Wild (Mv-i7)

Time - - — —

(Fours; Vero BC Vero BKC
12 2,7,8  6.007(0.78) 3,0,5:  3,007{0, &%) €911, 2.00°0.95  11,9,15. 12.00%(1.08)
24 14,11,15:12. 601,08} £,9,11: 9.00(0.95) 19,918,242 20,0000, 24,16,1€:19.00(1.32)
36 13,19,24:99.6041.28)  12,15,20:156.00(1.20) 28,23,31- 27.00(1.2 24,38,30:31.00 (1.58)
48 22,2%,31:27.00{1,43)  1€,23,28:22.9C(1. 24 23,37,52: 23,00 41, 64 i1,40,36.42.00(1.62)
60 36,30,40:35.00(1.54)  31,35,30.%2,00(1.51) 632,74,55:65,00{1. 61} BS,28,3¢ 48.60 (1. 68)
72 57,51,49: 58,00 (1,75}

47 ,38,44-43.00(1.63) £9,77.,73:7

30001 .86}

€0,66,52 65.0G (1,78

() Hean expressed in lor,
743

%zan of triplicete counts
e C . ) . . '
G

F oell = 1,169,

T
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Plate II:. Plajgues »f Schwarz [MV-S) and Wild (MV-W)
neasles strains on (A} Vere cells and

(B} Scvine kidney cells.



4.4, DISCUSSION.

Sehwarz and Wild measles strain produced typical
cytopatholoagic lesions in Vero “nd BEK cells indicating
their ability to rexitcate arld groliuce CPE in these
cultures. However, the grow:th of the Schwarz strain
was slower in all cells compared with Wild strain.

Ir messles virus, two variants >f the Edmonston strain
have been ostablished based on time and typc of CPE
develcpment (Chourini and Morrly, 1970). A similar
study carried out by Matumcto et al. (1561) distin-
guished the Japancsc strains of mcasles virus from

the Edmonston strain on the basis of time of CPE
developiment. These Japanesc stral, required 3 days
for CPE Jevulopment, 28 against 5 - 6 davs for

Edmonston in renal ccll culturcs,

The growth of the measles virus on BKC provides
a ready substrate for the propagation of the virus
in ovr laboratorv. espccially wnen the medium is
changel ~t 3 days intcrvals and 0.02% trypsin is
added to culture. This observation supports that by
Makino {1977) which indicatel that shcep kidney cells
waere found to be egually susceptible to mecasles
virus as human or monkeyv kidrov colls. The viral
yield in both cell types were comparable, with no
significant difference by the statistical zsnalysis

done.



The overall picture thoen, cmerging from these
compartive crowth vield is a follows: for unknown
reasons the Schworz strain grovs loss well in all
cells used, Various conlitions ~re knowr to incrcase
the vield of moasles virus i cell culturc systems
namely call tvoe, tomperaturce of incubation and the
use of low passnoed virus (Scott and Choppin, 1382).
There are evidences that all lainratory isolates
of mcasles a2re not identiecal in plague formation.
Repp (1964) showel that large plagues (>1mm) were
formed with virulent BEdmenston strain and small
plagues (“1mm) with the - ttenuatel Gdmonston strain.
Schvmacher et al. (1972) recordad that plague size
in Ver: callis was 2 significant fnctor in 2istin-
guishing Wild mcaslics strain from vaccine strains.
It is knywn that some stable plague variants of

measles virus cxist (Frazer and ''-=xrtin, 1578).
Rucikle ~ Enders (1962) indicated that the different
grovth pottern in cell cultures renrescntod variant

forms of mcasles.



CHAPTER 5

A WILD MEASLES STRALES.
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591; ﬂ' JUTRODUCTION.
Mammalian viruses have heen classificed
into.serbtypes by a varietyv of serological
L tests, notably imnmunodiffusion, passive hemag-
;;glutination, hemavglutination inhibition, |
.-néutralization and imdirect iwmmuncflourcscont
technigues {Gedur and Skinner,; 1971; Schnoweis
and Nahmias, 19?1}. Serological variants of
- nmeasles viﬂr‘us' arc not numarous . probably
because only 2 limited number of isolates have
been studied, lowever, scrological analysis
of the measles viruvs isolates can lecad to an
undurstanding of tue reason of vaccine fallures:-
especially in circumstances where an antice-
ﬁically di fferent strain is usod for

immunization.

This section describes a éeroloqical'
comparison os Schwarz and \Jild streins by
haumagqlutination inhibition, plajue neutra- -

lization #nd immunodiffusion assay.
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5.2, MILERIZT AND METHODS .

Animol Hodel.

Youno patas monkevs IZrvhlrocelus prtas (Schreler)

obtained locallv from Thomy Erothers kntcrprices
(200locical Cardens) Hamno, MNigeria wore used for this
study. For cxperimental inoculations, the monkeys

were divided into 2 rcroups of 5 zoch and koot in strict
quarantine for a period of % weeks., Quarartinc and
maintzinence of thc monkevs wore conductcd in accord-
ance with the procecdures desrribed by Tnkascka et al.
{1964, supplementzd with the advice aiven by the
Faculty of Veterinarv hedicine, 7hnadu Icllo University,

Zaria, Migeriao.,

Inoculat_j.on.

k1l the "wonhoys vere marked ond numbcred. The
animals were scintod vith Fetamine hydrochloride
(Vetalar, Park-Davis and Co. Detroit iiichioan 49232,
U.S8:A.})¢ »? 50Cnfu/0.571. of measles strein
was mixed witl 2qual volume of Trcund 5 incomplete
adjuvant (Bebrircoorke AC, Marburc, Labr West
Cermany) cr?® imoculated intra-muscularly into
cach ~rnimal, Tie aninnls wr2re re~inoculoted thrice

at 2 weeks interval wich appropriate anticen.
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Sera Preporation

Five mililitcrs of Llood okteined in the cardiac
blcedins was tronsfcrred to 2 sterile MacCartney
bottle and allowed to clot overright at 4°C. Ifter
clotting, serum was scparated lv centrifugation ot
1,000 ¥ G for 20 minutes. Each scrum smaple w»s
decanted into ~ sterilc bRijoux bottle and 2 drops of
0.1% sodium azile addecd as 2 bacteriostatic
sreservative. The s moles were labolled anel stored

at - 20°C until titrat.d.

{a) Laemac~lutinatior Inhibition (HAI) Mook

The Haemioglutinotion Inkhikition test wo~s performed
as described by Roscer (1%9€1) and rocommanded by
Welloome Reserrch Toboretories, Ecckenham, Fent.,
England. This mctzbd was, howcver, modificd bv usino
1% monkey crythrocyvtes instcad of the recommended 0.5%
to enhance sensitivity of EiAI pattern. The tost was
performed in Linbro Titertek micro-titratior %6 well
V=bottom platces (Linlro Scientific, Ine., Handen

Conn.; U.8. %)

Diluent:
Mormel physiolocical sterile s-linc solution

wes used,
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Monkey Erythrocytos:

The erythrocytes used as test indicator were
collected by cordiac puncture. HNonkey eryvthocytes
(pet2s) were collected in at lcast four times its
own voluse of Alservers sclution (1:4) as antienaqgu~
lant and used within onc week Lf collection. Before
use, the crythrocytes were washed ot leoast three

times in normal saline.

The buffy coet (white blond cclls) was carefully
removed after each washing, Tho packed cell volume
(PCV) w:s noted and 50% of the crvthrocvtes prepared
by adding an cguivalent volum» < ¥ galinc. One per-
cent (1.0%) of this suspensi.n w's further preparcd

in sufficient amount and used fHor EAI test.

Reagents:

The H>ther rceagents werce (a) ncasles HA antigen
(VHO 3} prepored by Tweoen - cther trcatment of a
strain Hf mensles virvs crowr in monkey kidnev cells
(b) Measles HI positive eonlro,l scrum (VEO2) prepared
from & p o1 »f ncasles imnune ser~ (this rcagent
inhibits the hacmogglutinating activity o f measlces
H2. antigen) (c¢) mcasles HAI pugative ¢introl serum

(VJ03) preparcd from a po2l of scra from measles
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neqgative persons. Those reéagents were purchased
from Burr-uchs Wellcome Peadents Limited, Peckenham,
England. Ka»lin uscd to adsork all the scra was
obtained from the Pharmacy Dezgarticent of Ahmadu Bello
University Teachine Hospital (#BUTH! Zaria, Nigeria.
Twentv-five percent (25%) {(w/v) was made up in

eterile saline solution and used for ~dsorption.

Treatment of Scra for Femoval of Heterophile Antibodies:

The scra collected were ads»rbodl with 25% kaolin,
then with 50% (w/v) of patas monkoy crythrocytes at
4°C overnight. KXaolin (0.3ml) was mixed with 0.1ml
of serun, left 2t 4°C £5r 20 mins., the mixture was
then centrifuccd at 1000 x G for 10 minutes to pack
the kanlin. A drop of the 508 preparation of monkey
erythrocytes was added to the resulting supernatant
serun and left at 4°C overnight. "The serum was,
subsequently centrifuged at 1000 x G for 10 mins.
and ‘ecnonted int> 2 clean test tube. This trcatment
of mixina 0.3m! of ka~lin and 0.1ml of serum, left
the serum ot 1:4 dilution, The aldition of kXaolin
was 2 mincr molific~tion 0of the method used by
purrouchs Welleome, an? this moiification ensured
rem>val 5f non-spevific haemagglutinins and other

heterophile antioidies (Kano onl Millgrom, 1977).
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This alsorrtisn process alse applied to the HAI
pisitive an negative eontrol zer~ after cach hal becn

reonnstituted with 1.0 ml., £ de~i'nized water.

Intigen Titration:

The ly-philizel HA antigen wes reconstituted
with 1.0 ml of Jdce~ionized watecr anl titrated as
detailed kclow, & preliminocy 1 9 dilution Oof the
antigen wns prevarad by alling 0.1 ml., 2 0.3 ml, »f
storile saline, Saline sulution (6,.025ml.) was ~dded
to wells 2 - 9 in cech of threce Tows of wells in
V-type micr titr-ticon nlate an? 0.05 ml was alleld
to three alditionn) wclls f.r cocl) control, Antigen
(0.05ml. of 1:4 lution) vas 2alled to the first
wells of the three rows. With the ail »f microdiluter
0.025ml was transferrcl from tle first well t: the
sco.n! well in each row and the scries was continuel
till the anl °f each r>w. 7he ancigen lilution now
ranaed from 14 in well 1 €. D 10624 in well 9 with o
two 011 iiffuerencs between well.. Saline solution
(0.025ml.) was adle) £t encii well of the diluted
antigen =nl 0.025ml. :f a 1% suspension Hf washel
monkey <rvthrocytes aliced €9 1]l wells incluling
cell eontrols. The nlates wers gently tapped to

ensure even distribution of erythrocytes, then - the
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platcs were scolol £ proevent evaporation and waere
then incubated for 1 hour at 37°C. The BA pattern
was foun” anl the titer recorte?., The 4HN unit was
calculatel from the highoest titer by diviling this
titer by 2 t9 obtair the dilevzion for use in the HAI
test. Tho antigen titrotin was carrico? 2ut regularly
t ensure that JIA unit was uwre’ in each test,

2row Lf 10 wells in a microtitration plate was
usedl to Tilute cut the sera obtainad from the chillren.
The first 9 wells were for the scrum diletion 1:4 to
1:102%. The 10th anl 11th wills served as the positive
and ncuative control wells. First. (.025ml1 >f saline
solution wns placed in cach well except the first.
Dilutel scrum (£.{05ml. 4f 1 ~ :ilution) was placed in

the first well whilc 2.025ml. «~s placed in the scrum

control wall.

With the ail »f a micrsliluvter, 0,.025m), H>f 1.4
diluted scrum was transferrel from the first well to
the secon anl after mixing 7.€25ml. 2f 1:8 diluted
scrum transferrcid to the thivd well., This process
was continued in this manner to the 9%th well (serial
doublinc lilution) anl 0,025ml. Hf the 1:1024 diluted
serum was discarledl from the 9tbh well to ensure equal
volumes being dispensed in all the wells., Anticen
dilution {C.uU25ml.) containing ¥ unit was alled to

all the wells except the 10th 2n 11th, then covered
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ani icubated at roonm tomperature £0r 1 hour, to

give snsugh time for the antigen -~ antibidy to recoct.

Thercafter, €.025al. »f 1% washed monkey erythro-
cytes was added tu each well an? incubatad at 37°C
for another Jr?; hour and the rasulting titer read with
the ald f o magnifying glnss. &ll the controls
earlier on mentionud toagethur with the cell anl test
serum ccntrols were run alowe with the test. 7
recinrocal of the serum Jiluticon which showed a
completce inhibition of the haemagolutination was

cxproessed as HAI antiboldy titer.

{b) Plague Fcduction Moeutralizaticrn test:

Antiby»lius were sssayel by reacting a constant
ancunt of virus (approximatoly 59 or 100pfu/C.2ml)
with varyine serum ilutions,; in stoandard plague
assay technigue as Aescribel py Rawls et al. (1970).
The antisera usc! were dbtainel < wecks post - inocu-

lation with mcasles strains.

Tissue culturc:

Vero cells (NVRI, Yom, Migorio) were used for

plague neutralizati n nssay.
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Crowth/Maintainance /Overlay maelia

As already describel (Chaptex 3 - Materials

anl Methols),

Serial duubling dilutions »>f immune measles

serum wne male with maintain- nc: wedium starting
from 1:4eSchwarz (MV-S) and “ill (4V-W} mcasles virus
stock wore mixed with equal vwolue (7.5ml cach) of
each scrum dilution, an? incubatel ~t 37°C for 1
hour. 0£.2ml, f each mixture were then inmmculated
int> wonolavers 5>f the Vers oclls crown in 60mm petri
dishus. Triplicate cultures were inoculatel for
each mirturc, Plaguc assay w2s one on inoculatel
culiures as alrecaly describe’, 2nd 50% plague reoduc-

tio>n was the neutrolization titer.

The »lagque neutralizati-n tast was repeated
using € patas monkeys divide? intoy 3 groups of 2
monkeys each. Two groups were lnoculated with (,.Sml
of 1000 pfu/ml of Schwarz and ¥Will measles strains
mixed with 0.5ml1l <f Freund's incomplete aljuvant.
The third crouwp which reccive™ 1ml of saline served
as contrcl. Sera ocllected 3 weeks post-inoculaticn
were titrated by HIJ test, Thesl were further
titrated fHr ncutralizine antib 2ies using the plague
neutr2lization technique alrealy Jlcscribed. Serial
doubling Ailutions of scre starting from 1.10 were

used. Experiments were done in luplicates.
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Gel Flates:

Ionarar lo.2 Oxoid Ttd., Iondon) wns piopared
Tom rer 100mls. of phosphate buffer solin. (pE 7.2)
to cive 1% (w/v] of 2czr. Sodiun azidce {(U.1¢) was
added, ond st.rilized Lk avtoclaving ~t 151b sq in
for 15 mins. Five (5) mls. of this vrerorection was
poured into the bottom of ~Omm plestic potri dish.
‘he aorr was fllowed to 301idifv and ~ serics of
wells made using sterdard cel punchzer of dimmeter
5.0mm. I circulsy pattern wos aode with o ecencral
well ind 8ix surrourding wol's Z.5mm equidistant
from one another. The plates wore aporopristely

labelled at the hottom.

Measles Scera;

Mcasles positive cortrol! scerum (HALI titer 1:512)
(Behrinc Institute, “arkureo Lahn, %est Ccmany)
was used 2qgeinst Schweorz (W-S) Aand 7ild MV -Y)

strains.
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Mcasles Znticen:

Measles anticen (HR titer 1:4128) (Berhring
‘Institute, Morbure - Lehn, West Germany) was usedd

agJainst anti-Sclwarz ondl anti-2’ill sera.

The cortcr well was £117 .1 t the brim without
allowing spillage with neaslcs positive sera and
the peripheral wells charce! with the purified virus
strains {mcasles anticen). The ~lates were placel
in a2 miist chamber andl ircubsic! at room temperatura
for 3 lavs. The cel was washed in twe changes of
0.85% Sodium chl ride for 6 hours: followed by
Jdistille” woter cvernicht; =nl ricd before staining
in 2.01% Coomassie bluc stain an' fipally dried acain

then vicwe: with manifying - laszs,

The entive proceedure wais reoeatod using measlos
anticen in the cuntral wall and the reripheral wells

fille® with immune sera.



1.

5 - 3 - -R_Fﬁ:-' 'J L’l‘s -

eaagalutination Trribition:

The HII titers of monkcys s-ra imoculsted with
Sclwerz and Wild meosles strein are shown in Talle
3.1. “he AL titer ranced from 128 512 andl from
16 ~-1022 for Schworz and 7ild strains respoctively.
The geonctric meaen titer (QIT) analyzed bv tlo
Mann-Whitney test at & = 0,05 showed 2 o =ionificant
difference in the titcers for PHAI antibodics stimulated

by Schwarz a2nd Wild strains.

Pleque reduction ncutralization tost.

The neutralization titcrs of the antiscra
measured by 50% pla ue reduction as compared with
control sers ore given in Tables 3.2 - 3,7. IAntisera
to both straoins exhibited cross neutralizinag activity
but tle dilution of serum which ruduced the pfu by
50% were diffcreyt for the two strains by the Mann -

Whitney stotistic~2l =analysis ot & = 0,0%Z,

Immunodiffusiion

The Schwarz »nd “1ild anticens developed 2 sharp
lincs in addition to a spur irdicative of prrtieol
relatedness acainst o commercial antisera (Plate IIIP).

With antisera collect. ]l from monkcys inoculated with
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Lo A

Schwarz and Wild strain adgoinst hom»locoHus commer-

cial measles antisen, >nly Hnre 82130 precipitin

line amreared £ e cummon  (Plakc ITID) but with

a spur,
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Hemaccolutination inhibiti n titers of

monkey

szro

(Pxre - anl 28t -~ immculation)

Schwarz {iV-5) and 9ill (iIV-W) measles

strains

Mean hoemacqglutination inhibiti-n enxl=noint

Scra
Schwarz (MV-8) wild (MV-W)
Post Post
PRE  2WF AWK 6UK  PRE 20K WK 6WK
1 0? A 2" % 128° e 162 2562 512%
2 ¢ 16 64 512 64 256 1024
5 8 32 128 256 32 128 256
8. 0 16 126 512 0 32 256 1024
5. 0 16 256 512 16 128 512
1.51 15.85 97.79 s 0,84 0 28,18 194,99 508,842
qurr titer of triplicate run »f scra collected: Highest

dilution shhwinc hemaaqlutination inhibition activity

to a £fix:d amcunt of virus anticcn.

b

Ceometric aenn titer.
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Tawle 3.2 Plrtue noutralization of Schuarz (W S) and
Wild {iv W¥) wucaesles strains (100 pfu,/0.2ml)

Lbv anti Schwerz serum (FAI 1/206)

Inti-

tody Schwarz (MV=-<) J11a (VW)
Dilution

1:4 114,10 #.000  &.33%  13,11.4513.00 g7.00°
10 17,14,20017.00  23.00 12,21 14 18.00  62.32
1:16 22,15,24:20.00  79.67 16,2:,22:21.00 79,33
1.3 28,18,26:22.00  76.00 21,23,28 2200 76.00
1.64 29,23,36 25.00  70.67 19,5€,77 51.00  29.33
1.128 13,40, 35.90  60.67 62,55,60 62.00  36.67
1.256 €3,53.5¢ 56,00  11.00 74,69,77 73.00  26.€7
1512 76.€1.75.70.00  22.00 €,72.75 20.00  19.67
1:102° 93.85 7 6E.06  11.C7 $1,9,45 91.0C 8,67

12 . G0* o4, 00*

“can of tripiicatc courts.

bPurOc:rtﬂm plape redwtion {(Cortrol - Tost
Gontrol

X 100j

* 50% MNeutrealizotion titox.
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Teble 3. 33 Plaque:neutraiizétion of Schwarz {V-3} and
Wild (M9 7} moasles strains 60-fu/0.2ml)

by anti-wild scrum (AT 1/128;, 'f fJI

Inti- S . s

hody - 7. Bchwerz G5 _ il (vew)
dilution T S

1.4 53 3060 53,340 3,36, 2,000 9.00°

1.6 . 4,6,3: 5,90 9.3 - 7,4,6.  6.00  88.66
1:16 'i{ :; 3,13,6. 9,00 82,00 t' 0 7,5,9;  7.00  86.GO
1.32 ?':;;f 8,447 1400 TH.3C . 6,11,4301.0C  70.6C
1:60 - 19,24,23: 22,00 5E.6€ 15,11,70.15.00 70,00
1.12¢ 36,23,25. 2,00 48.00 27,18.21.41.00  58.00
1256 _,. ;35,28,23f 30,00 35,34 30,23,2f-27.00  4€.00
1:512 37,42,31 .00 26,66  406,39,34:35.00  25.26
1.1024 49,48,40:  7.00  €,00 45,462,640, 04,00 12,56

128,000 © L 256.00%

Yeor of triplicate cowts.,

bJ?«errtage nlape roiuchion (_(bntml - lest
onkrol

x 100}

* 50% Newralizotion titor. w
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Table 3.4: Plague noutrolization of Schwarz (MV-S) and

Wild (W-W) measles streins by anti-wild

£0.00*

gerum H:T 1 /7256).

Enti- . .

:ﬁlmn Schwars (MV-8) Wild (MV-W)

OMROL

(1.10} 54,37 <£.00" €1,52:54,00°
410 0,0 0.0c®  100.0¢° 0,0.0.00% 100.00°

120 11,8:10.00  78.30 3,4: 4,00 93, 8¢

1. 40 17,22.20.00  56.50 9,5:7.G0 87.60

1:00 26,24:26.00 43,50 15,12 16.00 72.60

1:160 39,43;41.00  11.80 26,22:24.00 57.50

1:320 44,46 55,00 1.30 37,41 39.00 30.70

208, 0o*

"™Mean of duplicate counts.

bPercentagc mlovgue reduction (Co

ntral -~ Tast

"% 508 Neutralizaticn titer.

STELaT x 102)
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Tzble 3.5: Plaque neutralization of Schuearz WV--3) and
Wild (Liv-4W}; measles streins by anti wild

serum (AT 17512},

mnti- el
body o Schwars (MV-03) , Wild Mv-w)
Dilvtion '
COI™TROY. .
(1:10) ' 54,47:50.50 - €1,52:56.50
1:10 C0,6:0.00%  100,00° 0,0-0.70%  100.0¢°
1.20 C3,0:2.00 97.00 . 0,0:0.00 100,60
1.0 7,11 8.0 £2,20 5,3 4,00 52. 90
180 17,2221.00 56. 40 12,9 11.00 89, G
1160 27,31:20.00 2,66 22,26 2400 57.50
1.0 42,46:44.00 12,90 28,33:31.00  16.6C
o 132. 00 o 26400

Seon of dwlicate counts.

bPeroe:m:a;;p rlagw roduckion orrrol - Tust

* 50% Newtralization titer.
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Table 3.6: Plogue neutralizzstion of Schwarz {#v-S) and
IR Wild (MV-W}; meesles strains bv anti-Schwarz

sexrun (1:128).

Antd - S : - =

bodyv . bchwarz {WV-S) _ wild  (MV-W)
Pijution - L o . .

CO ].‘-P.\? RO I.J

a

@:0) . 51,55:53.00 40,5250, 007

b L

L1 ot Q,0:0.00 10,007 . 32300 95.00

1:20 6,0:0.00 100,00 5'- 13,9.11,00 78,00

140 5,2°7.00 §7.70 S 21,2622.00 53.00

1: 80 14,19:17.CC g0 :1 30,25.27.00 46.00

1 1£0 26,22:22.00 54,76 _”'?5 25,35 32,00 3. 00

1:320 38, 11.40.0C 25.50 "-'¥ 26,49 78,00 5,00
f?ﬁ 189,004 - - 56.Co¥

Mean of duplicate counts.

. B Lt
EENEE S . .

% 1003¢)

bPercentage rlagque reduction {Control ~ Tost
K Control

* 50% Neutralizaotion titer.
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Table 3.7: Plagque neutraliszation of Schworz (WV-3) ond
Wild (Mv-T) miosles straing by anti-Sclwarz

serwn (HRI 1/64),

3
boddsr Schwerz (MV-5) ' o Wild (MV-W)
Silution ' : - '
CONTROL
SN L PEN 51,55:53,00% 0 48,52:50.00%

110 . 0,0:0.007  100.60° 0,0.9.00%  100.00°

1:20 3,2:4,00 93,40 . £,67.00 86.0¢C
1.40 16,8:9.00  £3.10 < 13,1816.00  £9.00
1:80 18,15:17.06  €€.%0 . . 26,29 28.00  45.00
1160 1 29,26R.00 40,60 41,36:39.67  23.00
1320 0 38,02:40,00 2450 - _-'7#_d3.47;45.00 10.00

Cazeo0r T .o

-
“Mean of Auplicate counts,

_bPe.rcc—:ntage plaque reduction (Control - Test Ix.H‘U)

Control

* B0% Meutralizaticwn titzsr,
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nl Wild  (BV-W;

commercial mecaslos ant
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21 woll-measlos

‘Schwar

B0,
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Plate IIT1E:

f Schwarz

iiffusion reactions

Tinun »

argl Wildl (MV-4) measlos virus immune

aecainst commacreianl soleble measles

titer 1: Central well-

measles ~niciooen; Outor well immune sera
scra enlleeted from monkeys 2 weeks nost

inoculatisns with the resHective measles

scrain.

(1Uv-5)
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5.4. DISCUSSION.

The various s.rolocaical techniques —- W07,
plagvs roduction noutralizotion measurc?! measles
antibodies in the sers to coach of the measles
strains. There was no differince between the
two streins whon PLI teost was usad.

In the plajue roduction nevtralization cest,
the newtrolizatior titers mecasured by 50% rxeluction
in plague show:d differercas between the nessles
strains. Norrby 27l follmar (1975) indicatea
that the two glycoproteins on the surface of
measles virus, reeoonsilble for biological
activitices are the honagolutinin (F7) and homolvsin
(FL). The larcexr <lycoprotcin {C) contr~ins the
active site for =7, but it is not yet established
whether the KL ~ctivity rosides solely in the
smaller clycoprotein () In contrast *o tiw
HA activity the prescence of lipid 1is imsortant
for bamolytic cckivity i.c. BL activity corn
only ke expressed when thoe glycoprateins 15
complexed in 2 particular manner with virus

lipids.

torrby and Collmar (1972) identiiied antibody

specifically to mcasles capsid, hemagalutinin and
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hem 1lysin. Virus n:utralizaticy» is associate!d!
with orti-hem:lysin (Forrby -n' G llmar, 1975).
It shoul! ke noted that the home lysin activity
is nt ~lwave prooourtional £ the hemaqlutina-
tisn gaoperty f the virus, f.r cremple the
hemlysin nctivity eanil be fnnctivatel at a
temmerature of 5. °C. 2t which tom .erature hemac-
~lutinin is nut oaff:ctel (NMorrhy an! Falksveden,
19+ ). What is upclear is how the cffectivencss
of neutralization may Aiffer v lisproportion
botweon the amount 2 f cach kin! o f antibHay

present.

The patiern ~f nrecipicin iines inlicatel
in I 1atcs IGIAR showel thar tic twoe strains
veinc conpared, have sligntly 1ifferent ontigenic
leterminants. The internnl nunic capsil anticen(s)
rcactine with antibr v in <21 (iffusion tests
(torrby 2andl G .llm~r, 1372) ie knwn tO glishtly

vary with mcasles strains,
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Thuermostobility studies have been vsed for
characterizins o vivus (Smith ot al., 1571).
Hasp:l ¢t 2l. (1977} isolated tlrew com:limentation
crowps of tenpuratuare - sergitive wasles mutoents.
Two mutants of measles virvs biased on the orowth
or no qrowth nt 39°C were identified by Could and
Iinton (1975). The homolysin (i'I.) comvwnent of
measlcs virior iIs known t9 be more sensitive than
hemaoclutination (&) component to therazl inacti-~

vation (Morrby ci al., 1975).

The thermostability nroperty of Schwarz and
Wild measles strains was cxomined by their
plaguinrg catacitv ~nfeer incubation at C“cC, 10°C,

20°C, 30°C, 40°C and 50°C for 1 hour.
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6.2. MZTERIZLS AWD METHODS.

Virus -

The viral «tock 10 piu/al) was vaed.

Thermal Inactivatior

Stock of virus (i1nl) was dispensce in a
standard Kahn test-tulbe, and incubatel ot various
temperatures: ranaing from 10 to 5C°C for 1 hour
in » water-bath. Corntrols kent at C0°C for 1 hour
were set up elongside tests., 7111 waccr-oaths
were covered throuvahout the experiment to prevent

7 ftex incubation for 1 howr at tihw various
tempersturces, 0.1ml of e~ch virus prevoration
was irnoculated iatn Vero cozll monolayer oreparcd
by scedire "mls oF 2.13 x 1(35 cells /4l inen €0mm
Plastic »netri-dishoes Inocule were allowed to
adsorb ifcxr 1 bkour =t 37°C, and placuc assav was
performed as already described. The experiment was
ren ir dvplicates. Tho tiirwostability of virus
was estimated by the porcuntage survival relative

to mcan count of control cultue at 0°C.
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6.3. RES ULTS

The thermostalility of Schwarz and Wild measles
strains shown by the nercentacc survival of the measles
strains at different incubation temperatures are presented
in Takle 4. The results inlicated that the Wild strain
did not significantly differ in thermostability property

at various temperatures than the Schwarz strain.
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Table 4: Thermal stability of Schwarz (MV-S) -nd Wild (MV-¥) measlee straihs at

different incubation temperature (1¢° - 50°C).
Schwarz (MV-S) wild (MV~W)
Temperature °C
% Survivel % Survival
(N X 100) (M ¥ 100)
Mo Mo
Control 57,61:59,002 160.0C ¢€,63:€4,502
100, C0O
1t 53,5€:54.50 92, 37 64,58:61,00 94,60
24 50,47:48.5C 82.20 €1,54.57.5¢C £9.15
30 48,43: 45,50 77,12 87 :5C151.5€C 78.03
40 32,32:35.50 €C.12 43,38.4¢.5C €2.79
50 19,14:1€.5C 27.79 23,28:25,.5¢C 39.54

®Mean of duplicate counts.
Control (Preparation kept at 0°C).
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The inactivation data showved no difference
in the thermal stabilitv between Schwarz and Wild
measles strains. The thoemiosonsitivity property
of voth strain may "¢ reflective of a selection/
adeptive phenomena of the virus. Zlbrecht amd
Schumacher (1972) found trot hauster - brain -
adapted virus is more hect-sensitive than Wild
virus.

Strains of measles virus which are tempcra-
turc-sensitive have Lkeen riocorded from persis—
tently infected cultures (Masrel et al., 1973).
It is nmot certain thet these 'naturally occurring
variants arc stakblc,; kut inluce? toempersture -
sensitive mutants rave boon ripared (Haspel
et al., 1975a}. Mutants from s™me stock of virus
as a result of temperature cffect are known to
show slichtly differunt nothogenic effects on
intra-cerebral inoculation into hmmster (HLaspel
et al., 1975b). Cernescu et z21. (19573, indicated
thot cold measles variants laads to loss of
pathogenicity and formed sianller plagque on

Ceroopithecus R_-Cih cells.,

6
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Saveral live measles voocines have been
founl to ke relotively heat~labile, resulting
in their reedy inactivation, when used under
orimitive £iell conditons. “Therc is a2 iistinct
an! stoaly loss f infectivity even a2t incuba-
tion temperature, once the virus is releasel
from the ccll (Morrby et al. (1975). It is
well known that measles virus vield is lower
at 37°C than respective a1~ tel lower temperature

(Makin,, 1977).
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7. GENERAL DISCUSSION AND CONCLUSION.

Esscentinlly, some differences were observeld
between the Schwarz an! YWil" mensles strains,
The differences may not be great. Dietzschold
et a). (1973) lem nstratel that a sinale amino
acil substitution of the ~lyoourutein molecule
results in non-pathocenic strain of rabies virus,
Evidences for measles virus variants between
Wild strains and the prototype leboratory strains
hove bcen renorted (Dekaeyer anl Enders, 1965;
oddo et al., 12€1). Makino (1377} inlicated
that measles virus strains aoear to share some
common nticen(s) and in alliti.n have one or
more ty e - srecific antigen. Whether the
Adiffercnces in the exression of the anticen
are qualitetive or quantitative cr is of suffi-
cient stability to warrant typc distinction is
a matter of further investication by more sophi-
sticated techniques such as polyacrylamide cel
electrophnresis or electrofocusing or analysis
with moroclonal antibodies. Such techniques
would amplify the suktle diffcecrences being

observed by the methods used in the study.
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It is important that such 2 sophisticated
typing scheme should not be basud on the study
of a limited number of strains by a few
investicators, It will rejuirc a much larcer
number of strains for several markers that vary
independently to determine wacther the differe-
nces are indicative of types or whether they

represent the extremes ~ a continuum of variation,

Measles vaccination crmpaicn in Nigeria arc
beset with several problems., The presence of
measles variants in Nigeria couli be an impor-
tant factor in vaccination €ailures. Perhaps,
the most critical is the use of impotent vaccines.
Immunization with heat-stable vaceine is necled
in the tropics, where the cffect of severe
climatic conditions notakly hich temperetures
on mcasles vaccines nnd other biologic prepara-
tions is hich. The isolation of temperature -
resistant strains of mcesles virus that can be
used to develon vaccincs able £ withstand adverse
climatic conditions would reguire extensive

investication,



F}) "

BIPLIOGRAPRBY.

Mcardi, J., Coutie¢res, F., Aresenionuncs, M.L. and
Lebon, P. (1277). Acute mcasles encephalitis in
children with immunosupprcssion. Pediatrics
59, 232-239.

?lbrecht, P., Ennis, F.I., Saltzman, E.J. and Krugman,
S. (1977). Persistence of maternal antibody in
infants becyone 12 months - Mcchanism of Measles
vaccine failure. J. Pediat., 91(5), 715~718.

Albrecht , P. and Schumacher, H.P. (1972), Markers for
Measles virus 1. Physical properties. Arch. Ges.
Virusforch 3€, 23-35,

Arakava, S., Kaneko, T., Iijima, T., Noro, T.,
Iwakawa, K., Yoshida, Z., Chang, C.T. and Akama,
K. {(19¢5). F study of diphtheria, pertussis,
tetanus and measles combined vaccine, Jap. J.
Exp. Med. 35(C), 4€1-489.

Arbeter, AL.M., Arthur, J.H., Blakeman, G.J. and
Mcinteosh, J. (1972). Mcesles Immunity:
Re-immunizatior of children who previously
received live measles vaccine and camma
globulin. J. Pediat. 81(4), 737-741.

Artenstein, M. and Weinstein, L. (1963). Simultaneous
infection with the viruses of Chickenpox and

Measles. J. Pediat. 62, 15¢€.



93,

Aukrust, L., Almcland, T.L., Rcfsum, D. and has, K.
(19€0). Secvere hypersensitivity or intolerance
recactions to measles vaccine in € children-
Clinical) and Imnunolocaical studies. Allergy
35(7), 581-587.

Balachandran, N., Harnish, D, Rawls, W.E. and
BRacchetti, S. (1982). Clycoproteins of herpes
simplex virus type 2 as defincd by monoclonal
antibodies. J. Virol, 44(1): 344-355,

Barry, B., Sullivan, J.l.., Lucas, €.J., Dunlap, R.C.
and Albrecht, P. (1974). icute and chronic
infection of human lvmphoblastoid ccll lines
with measles virus. J. Imaunol. 116, 89-98,

Bech, V. (19€5)., The Measles Tpidemic in Creenland
in 19€2. Zrxch. Cesamte Virusforchune. 16, 53~-56.

Bedson, E.S. (1982). Inzyme studies for the charac-
terization of some ortlonox virus isolates.
Eull. WHO 60(3), 377-380.

Birrer, M.J., Bloom, B.R. and Udom, S. (1981).
Characterization of measles polypeptides by
monoclonal antibodies. Virol. 10E(2), 381-39C.

Elack, F.L. and Rosen, L. (1972). Fattern of
measles antibodies in residents of Tahiti and
their stability in the abscnce of re-exposure.

J. Immunol. €€, 725-731.






