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When Things Go Wrong, as they Sometimes will,
When the road you're trudging seems all up hill,
When the funds are low and the debte arc high,
And you want to smile, but you have to sigh,
When care is pressing you down abit,

Rest, if you must « but don't you quit,

Success is failure turned inside out -

The silver tint of the clouds of doubi

And you never can tell how close vou are,

It may be near when it seens afar,

So stick to the fight when you arc hardest hit

It's when things seem worst that you must not quit,

Sir Speedy
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SUMM ARY

It has been observed that any detectable level of measles hemag-
glutination inhibition antibody is indicative of immunity to measles
infection (Krugman, 1977), However, there have been many reports on re-
infection with measles virus in individuals previously vaccinated and or
after primary infoctioh (McCormick et, al, 1977; Shopp et, al, 1976 and
Wyll and White 1971), Thus it became very important for us to take a
critical look at what level of antibody could be comsidered too low for

adequate protection against infection amd or re-~infection,

In an effort to make our conmtribution towards the solution of
some of the above problems facing the scientists of this country which
need to be tackled with more vigour; primary school children between the
ages of 6 years and 15 years were studied for the presence and Serum
level of measles hemagglutination inhibiting antibodies in relation to
the constant measles epidemics in Kaduna State and other parts of
Nigeria, as well as the mneutralization potential of such antibodies
when exposed to Edmonston B strain live measles virus and cultured in

vero cell line.
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The question of wvaccine éfﬁcacy has been pax.'{:ia:l'l.j- *i:acklle.d
(Eghafona 1978) and the present studies tried to deal partly with the
aspect of the level of measles hemagglutinatin - inhibiting antibody in
the school children who appear to be the most vulnerable group to measles
infection, it also looked inte the neutralizing effect of different
levels of measles hemagglutination inhibition antibodies on measles

virus in vitm. Present study compared the presence and level of
maasles hemagglutination inhibition antibodies in arsas where vacci-
nation canpaigne have been carried ouil in recent years angd in areas vhere
o such campaign is known to have been carried out so as to measure the
advantages if any, of vaccination campaigns zgainst measles,

The results suggest that a greater percentage of pupils in the
unvaccinated areas and in partieular in age group 6 years have consi-
derably low levels of circulating measles hemagglutination inhibition
antibodies (Table ITI and IV), | | | - |

It was observed that in the age group of 6 yaar.'ie. Ika"ra,. Sami neka
and Jama'a Federation Local Government Areas recordad the highest

percentage of pupils with low levels of circulating hemagglutination

inhibition antibody (Table ITI and IV).



The lowest antibody levels in all age groups studied are
recorded in Jama'a Federation, Kachia and Saminaka Local Government
areas. These Local Government areas are amongst those areas that have

no record of immunization campaign.

The significant difference between the vaccinated and unvaccinated
areas outlined in the statistical analysis suggests the possibility of
attaining high level of vaccine efficacy in our community if the
vaccines are used when potent. The neutralization test shows that
during measles infection, replication of the virus could be inhibited
for 3 days by antibody level of 1:16, a period of time which may
possibly surfice for individuals with such level of circulating
antibodies to mount anamnestic immunological response in a situation
where measles infection may occur, a state of immune response which
could boost the antibody level leading to complete neutralization of
the virus and therefore prevent the virus from establishing an

infection.
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INTRODUCTTION

Athough in the developed countries c¢linical messles
infection hga greatly reduced during the past decade due to
succesaful v..a"al.c.ci t;at-ion reseafch on measlt.e.a virua il;s. feoentlf
received increased attention, One of the horizon of interest
iz the relative 0258 with which the virus can establish persis-—
tent 1nfect1§n both_i,g_xg__t_:_z_q and in vivo (Gould.et al, 1975;
Norrby, 1967 and Rustigian, 1966) and to the fact that mcasles
1nfect:.ona often involve the cemtral nervous system (Miller et
al, 1956: Tyler, 1957 and Ka%z, 1972). Results on recent
studies have also shed some light on the wvariely of elinical
comditions that may ha due to persmtenca or latenmt infections
with msasles virus a.nd other paranwxov1ruses (Finkel et al 1973;
Sullivan et al, 1975 and Zweiman et al, 197t!). The regular
epidemics with its complications which measles iﬁections present
in all ﬁérts:of Nigefia are.in mény ¢ircumstances worse than

malaria {(Morley, 1961; Morley et al, 1963, 1964),



Several investigators have studied the incidence and problems
| associated with measles infection in Nigerian children,

Gans (1961) reported that measles bronchopn-éwﬁ;mia acocounted
for a mortality rate of 34,7% of 896 deaths out of 2,355 children
renging frem the age of newborn infamts to about € years who were
sdmtted into a hospital ward of the General Hospital in Lagos,
Morley, Woodland and Martin (1963) reported that ip child”ran
under 5 years of age in Imesi near Ilesha, Nigeria, ﬁf the acute
ihfeotive Ifew.rer, measles, with its complicationé was outstemding
as a cause of death, ' | _ n

Other reports on the s.ituation of measles in N:Lgena are
available, each repori pointing to the severity of the infection
"amd its complications (Morley, 1962; Morley et al, 1961, 1963
and Katz ot al..1962."). Some have dealt with children betwsen
the sge of 6 months - 5 years and their predisposition to
measles infection, It appears that inspite of incrqasgd public

health meansles vaccination campaign in all parts of Nigeria,

meagles opidemice still oceur in many parts of Nigeria every
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yéa..r' and in many instances among primary school children,

The frequency of measles epidemics in our s@ety makeg one
wornder whether or not the me.asles immaniwation campa’iglns belng
carlr;.éd out almost yearly in several parts of the country really
has any advantage,

Based on the above fact, seversl questions tend to agitata.
our ingquiring minds, firstly, could we really prove that mensles
vaccines on which the Nigerian government spemds large sums of
naira inporting every year are eventually w-ﬁed ina pofent form?
Secondly if they are used when they are siill potent, then what
oould be the efficacy level of the vaccines ag applied to
Nigerian community‘;? Thirdly if the vaccine. effic;acy is a8
high as that obtained in many parts of the world, then does
it msan that only a few selected arcas are ___covered by the

¢campai gns?
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Ard forthly, if that is the case what could we do to ensure that
the campaigns in Nigeria cover wider areas of the country than

is presently the case,



LITERATURE REVIZEVW
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Heasles virus is a member of the family paramyxoviridice (Penner
1975)s Two other viruses, Canine distemper and rinderpest, share a
close antigenic relationship with neasles virus (Gillespic et al,
19603 Imagowa, 19683 Orvell et al, 197L; Waterson et al, 1963 and
Yahanouchi et al, 1970). These three viruses form a distinet group,
the genus llerbillivirus {Fenner, 1975), which differ from other para-
myxoviruses in geveral respects, Thege differences arise from the fapt
that these viruses do not posseés any virion-associated neuramini-
dase activity nor do they adsord to neuramic acid-containing cellular
rveceptors (Choppin et al, 19753 Howe et al. 1970; Norrbyr. 1962;
Perie's et al, 1962 and Waterson. 1965). Hore significantly measles
virus is the only member of the genus that exhibits hemay glutination
{Choppin et al. 19753 Howe et al. 19703 Noxrrby. 19G2; Perie's et al,

1962 and Waterson., 1965),

Structure of Measleg Virions,

Physical Struciure

The physical struciure of measleg virus has been extensively
reviewed (Nakai et al, 1969; Waterson 1965;: and Waterson et al, 1973;
Norrby et al. 196L; and WNumazakai et al. 1966) with regarde to its
similarity to those of other paramyxoviruses (Choppin et al, 1975;
Compans et al. 1971; and Kingsbﬁry, 1972), in terms ol its nucleic
acid content {Kall et al, 1973; Waters et al. 1972 and 197k, as well
as the nature of the nucleocapsids (Vorrby et al. 1965 and 1972;
Waters et al, 197h;IWaterson, 19655 Waterson et al. 1951; and Fakail

et al. 1969),
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Structural Components

The presence of @l within measles virus particles was first
reported in 1964 (Norrby et al. 1964; and St. Geme, 196L), The
single stranded 1. was shown to have an approximate molecular
weight of 6.2 x 106 and a sedimentation coefficient of 525 in sucrose
density gradients (iiall et al., 1973; Hammarskjold et al, 197L; Nakai
et al, 1969; and Schluederberg, 1974). Thus measles Wi. appears to
be a little larger than the 505 RN. isclated from other paramyxo=
viruses {Choppin et al. 1975; Kingsbury, 1973).

although measles Hii. has a sedimentation coefficient of 525, it
ha® been documented that it does migrate with other paranyxovirus
BN. 8 in polyacrylamide gels {Hammarkjcld et al. 1974) and it also
co~sediment with New Castle Disease Virus (NDV) 508 L. in sucrose

density gradients (''inston et al, 1973).

Structural Protein
In polyacrylamide gel electrophoresis studies, it hig been
found that measles virions are composed of six polypeptidea. whoa.
approximate molecular weights range from 38,000 - 79,000 units.
Generally in the gel patterns measles virions were found to closely
regemble those of canine distemper and rinderpest and also exhibited
certain similarities to the other paramyxoviruses (Bussell et al. 197L;

Hall et al, 1973; Underwood et al, 197L; and Waters et al. 1573).
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The smalled polypeptide molecular weight of approximaicly
38,000 may bc analogous to ihe membrane (M) protein which is be-
reath the lipid bilayer of thc virus envelope and probably function
in maintaining the integrity of the virus particle (Choppin et al,
1974). The second largest polypeptide, molecular weight approxi-
mately 70,000 is ascocianted with the nucleocapsid and it hoad been
thought to be part of the transcriptase complex (Mountcastle et al.
19717).

The major structural protein, the nucleocapsid pelypeptides
can be cleaved by proteclytic enzyme into two emall units of poly-
peptide with molecular weights of 24,000 and 38,000 respectively,
This cleavage characteristic has been correlated with it. chances
in appearancc as observed by electron microscopy (Waters et al, 1974).

The surface of the measles virus envelope is invclwod in the
hemagglutinating (HA), Hemolytic (HL) and cell fusion properties of
the virion (Waterson, 1965) whereas in other paremyxoviruses, these
activities as well as neuraminidase activity are associated with
two surface glycoproteins that form the spikes (Choppin et al. 1975).
It has been possible to separate particles that contain privarily HA
activity in Caesium Chloride from infectious virioms that contain
both hemagglutinatin; and hemolysing activitics (HA and HL) (llorrby
196L; Worrby et al, 196L; 1972), The HL eomponent was found to be
more sensitive than H. to thermal inactivation, as well as totreat-
ment with formalin - cther or Tween 80 - ether (Norrby et al, 1965,
1975), and both hermagglutinin and hemolysin (lA and HI) arc known to

be antigenically distinct (Ehrnst, 19753 Norrby et al. 1972,



P - ST

o

. jﬂ - Tff i .
1975z, 1975b,. However so far, out of several stroins of wcosles
virus, researclers have been able to identify eonly one lreoprotein
that corregponds to the largest sitructural polype ptide with a
molecular weisht of 79,000 (Breschkin et al. 1977; Bussell ct a1,
1974 Hardwick et al. 1976; Mountcastle et al., 19773 Yaterz ¢t al,
1973).

~ On the otler hand Lall and Hartin, (1973) identificd in their
measles preporations two glycopolypeptides, with molecular weisthts
of 69,000 and 53,000 respectively, that form the spikes ond can
also be rcmoved by proteoclytic enzyme digestion, When thuse
proteins were fulther purified and charccterized Hi activity was
found to be asuccinted with the larger glycoprotein whereas M.
and cell fusion activities required both glycoproteins and i.ene
brane - lipids {Kall et al. 1974). However licuntcasile and (hoppin
(19??), working on the same strain of measles virus were wiable to
confira the presence of glycoprqtein with molecular weisht of

53,000 as reported by earlier workers, the reasons for thig dis-

¢repancies s8iill renain unresolved,
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VIRUS CHLL INTER.CTIONS
CTE (Cytopathic lffects).

The first in vitro isolation of measles virus was doune in 1954
by Enders and Peebles by inoculating primary human and Siidien Kidney
cells with e¢linical spccimens. |

Shortly after, it was reported that the virus could also re-
plicate in established cell linés and chick embryos {Failcl et al,
1958;s and jiilovanovic et al. 1957). Hany investigators huave sube
sequently shown that a variety of primary and continous c¢oll line
could support the growth of measles virus but that the best of the
cell culturee are those of human and éimian origin (latwiote, 1966).

EInders and Peebles (1954) also described a very distinctive
cytopathic effect produced by measles virus infections, These cytoe
pathic effects are characterized by the formation of meltinucleated
giant cells (Synoytia). The chromatin assumes a marginal position
and is replaced by intranuclearlinclusions; eosinophilic inclusions
develop in the cytoplasm. TIn addition, chromosomal aberrations and
.breakage have beeu observed in measles virus - infected cclls
{Csonk et al, 1975; Pjelde et al, 1962; Levenshtam et al. 1969; and
Nichols et al. 1965, ?

Meagles virus hag been found to produce two types of gymeytia
formation, such as {usion from within and fugsion from without types

of syneytia {Cascardo et al. 1965).
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The formatiorn of gyneytia (fusion from withinj} is viruge
gspecific protein dependent. The protein "fusion factor’ is resent
on the surface of an infected cell (Cascardo et al, 1965: and
Choppin et al. 157%,. Come data also support the fact thah this
“fusion factor may be identloal  +to the Hemolysiny (L) obiained
from temperature-~-sensitive rutants of measles virus,

ilso gyneytia {fusion from without) can cccur within 5 hrs,
when cells ere infected at high multiplicities (Cascardo et al,
1965), Fusion from without can ecour even in the absence of virus
replication since it had been found that noninfectious measles
virus particles, such ag ultraviclet-irradiated virions ond even
the small Hemagglutinating (HL) particles did produ¢e syncytia
(Norrby 19643 Schluederderg, 1962). | T

'Strand forming! is another type ﬁf cry pfcduced uy umeasles
virug infection. This is characterized by the appearancc of spindle
shaped or stellate cells that have long and irregular oyvtoplasm
processes (04do et al. 1961;., Strand forming cytopathic eilect
(CPR) always occur when cells are infected with undiluied passeged
inoculum snd infectious virus yields are ofteﬁ gréﬁtly reduced

(0Oddo et al, 1961; Parfanovich et al. 1971).



Interactions with Erythrocytes .

Heasles virions are capable of several interactions with ery-

throcytes thus the development of HA (Norrby, 1962; Peric's et al,

1960; Rosen, 1961) H.-inhibition (Norrby, 1962; and Roscn, 1961)

and HL (Norrby et al, 196L; and Perie's et al, 1960) asso s have
greatly enhanced the ease with which virus replication could be
monitored and quentified. Perie's and Chany (1960) first reported

that measles virus would agglutinate only monkey or baboon erythro-
cytes, The most important characteristics which make measles virus .
unique amongst the paramyxoviruses are that measles virus .. assay
is meximal at 3'{0C and that because of the lack of neurawinidasc,
there is no spontancous elution of the virions, In addition. HL
is not influenced by PH changes between 4.8 and 10.1, and there is
a minimal requircuent for the presence of mono - or divaleni ions
(Choppin et al, 1975; Norrby, 1962; and Vaterson 1965).

Hi titers can however be enhanced by carrying the assay out .
in buffers containing 0.8M ammonium sulfate especially for the salt
dependent H. (Could et al., 19763 Schluederberg et al, 1971; and
Shirodaria et al. 1976). Some strains of measles virus will agglu-
tinate only in the presence of high salt concentration {(fireschkin
et al, 1977; Gould et 21, 1976). Infected cells can hemxdsorb ery=
throcytes, espccially during late infection after the lli protein has
been inserted into cellular membrane (Baker et al, 1965; Jamcio, 1962;

and Kohn, 1962), .lthough Hi and HL activities can be differentiated,
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' the presence of Hi. appears to be a necessary pre-requislie for HL -
activity (Treschkin et al, 19773 and Norxby et al. 196h). L

activity is optimal at P* 8,0 and it is greatly inhibited by Ca™

ions {Norrby et al. 196L}.

REPLICATION

The seve: ity of measles virue infection, the length of time
required for the appearance of progeny virions, and the amwuut of
virus ultimately produced are significantly influenced by such
variahles as the virus strain, the host cell and the multiplicity
of infection {Dejous et al. 19703 Wakai ot al. 1969: Portuer et al,
1973; and Rapp, 196L4}. The replicaticn cycle can be divided into
three major events.

LdBorption, Penetration and Uncozting

- lieasles virious attach to cellular receptors by means of the
.apikea on the virua envelope. One such receptor for measles virus
according to Duffy and Howe, (1976), is a glycoprotein that contains
only low levels of siallec acid. Studies with othexr paramyxéviruses
had suggested that the virions enter the cell either by 'viropexis'! -
{phagoeytosis) (Compans et al., 1966) or by fusion of the viral mem~
brane with the cellular membrane (liorgan st al. 1968). dither PLGw
cess is ultimotely followed by the release of nmucleocapside into the
oyloplasm {uncosting) and it is likely that both occur during infection

{Choppin et al. 1975). ' i
B ]I
i
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Synthesis of Vima-Specific Macromolecules

Date by Choppin et al. (1975); and Kingebury, (1972, 1¢74)
guggested that replication of measles RNA is similar, if not identi-
cal, to that of other paramyxoviruses,

The synthesis of virus R¥A is initiated shortly after infece
tion (Portner ot al. 1973) end this ie then followed by tle synthesis
of virus proteing and genomic HMNL which is encapsidated into progeny
nucleocapsids. These events appear to take place in the cytoplasm
of infeected cells,

It has also been reported-that neazles ML can be isclated from
the nuclear fraction of cell extracts {Carter et al. 1973; and |
Schluederbers et al. 19?h) and that treatment with actinoumycin D ‘
could lead to a reduction in genomic BNi and protein synthesis
(Hall et al. 1977; and Schluederberg et al. 1972) and algo in
virug yield (Schluederberg et al. 1972).

Liccording to Pollett et al. (1976) unmueleated cclls could
suﬁport the growth of measles virus though the vield of infectious
virus was greatly reduced compared with the results obicined in
mucleated cells. However, virus-gspecific polypeptides were syn- ;
theglzed in the uwnnucleated cells.

The measles virus genome needs the pynthesis of smaller comple-
mentary RiL.B (plus strands) to function as a messare. .14 ough
enzymatic activities which is gssociated with nucleocapeid has not.

been reported in measles virus (Huang et al. 1971; Robinson, 1971;
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and Stone et al, 1971), but virus-specific RNA transcripts which
have approximately sedimentation values of 183, 228, and 355 have
been detected in measles virus-infected cella (Carter ot al, 1973;
Kiley et al, 1374} Wington et al. 19733 and Yeh, 1973). These RN.S
are compleientar; to genomic RNi (Ha.ll et al. 19763 and Yeh, 19?3)
and they have been isolated in assocliation with five differeut size
classes of polyribosomes (Kiley et al. 1974). At a later slage in
E.the replication cycle, the virus must transcribe complete 523
positive - [} strands to serve as templates for the formation of
£29 negative - (~) strand genomes (Kingsbury. 197L).

Unlike the Sendal virus (Portner et al. 1972; and Robvinson,
1971} and mups virus (Bast et 19.1. 1971) 508 RNiL whose synthesis
has been found to be inhibited by cycloheximide (suggesting that
genomic HN.: replication requires continued protein synthesis), the
synthesis of measles 528 ENA has not been proved to be inhibited B
by cycloheximide (Hall et al., 1¢77; and Kiley et al., 197L,. E
Kingsbury's data (1974), showed that the progeny molecules were
rapidly encapsidated since free paramyxovirus RNA has not been
seen in infected cells, ’

Virus ‘fntigens and Structural Proteins

Studies uging metabolic inhibitors techniqﬁe showed that thé
protein synfhesis in measles virus can be detected within 3 hours
after infection and reaches a peak long before the appearauce of
infectious virions (Portner et al. 1973). Immmofluorescont techn-

nique has sliown that virus-specific antigen (nucleocapsid) could
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be detected in ihe cytoplasm within few hours. The flucrescence
fgrst appears as fine dots or granmules in the perinuclear resion,
and as the infection proceeds and the intensity of the staiuing
inereases, this fluorescence often completely encircles the

nucleus (Llanes~Rodas et al. 1965; Norrby, 1972; and Tapp et al,
1960). Finally th. nucleocapsid antigens become dispersed through-
out the cytoplasm (Llanes-Rodas et al., 1965; Norrby, 1972; «.d |
Rapp et al. 1960); even the antigens are sometimes detected in the
nuclei of scome culls. Nuclear staining is most prevalent late in
infeetion, and the antigens are associated with nuelear inclusgion
bodies (Enders et al, 195h; Llanes-Rodas et al. 1965; Worrby, 1972
Oyanagi et al. 19703 and Rapp et al. 1960).

The envelope antigens (HA and HL) firet appear in the cytoplasm
at one pole of the nucleus, and they produce a mesh work of {ine
threads of iluorescence {Norrby, 1972).

Later in the infection, the antigens become Jdispersed ithrough -
out the cytoplasm and preferentially accummlate in the cytoplasmic
membrane {Ehrnst et al. 197Ls Norrby, 19723 and Rapp et al. 1960).
Trypsin treated infected cellas showed that HL first appears at the
poleg of cellg and then spreads over the surface of the cellunlar
membrane (Ehrnst et al. 1975). Dubors-Daleq and Barbosa {1973)
hgvawqhown that the budding of pucleocapaids to form inlectious
vifidﬁa ooccurs a2t those sites on the membrane where virus-sgpecific

antigens are present,
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Lésembly and Release of Progeny Virions

Flectron microscopy has helped a lot to gpive some information
on measles virus maturation and assembly. Dubors-Dalcyg ol al.

| (1973); Nakai et al., (1969); and Oyanagi et al. (1971} in their

studies, found that early in infection, intracytoplasmic iuclu-

" pien bodieg composed of nucleocapsid filaments are forued.

The inclusion bodies tend to accumulate in the perinuclear
region of the cell and are most freguently observed in multinus-
cleated giant eclls. The cell membrane becomes altered in appea-
rance to more closcly resemble the virus envelope, the wmeuwbrane
© becomes thicker and more electron dense, and spikes appear. The
tucleocapsids asuemble beneath theese areas of the cellular membrane
and align in parallel arrays. The membrane then huds to form
progeny virions {Dubors-Daleq et 2l, 1973; Naka et al, 1969; and
Oyanagi et al, 1971). lLate in infection, crystal~like nucleocapsids
appear in the intranuclear inelusion bodies (Ba ker et al, 1960
end Makai et al, 1971). Dut it has been observed that nucleccap-
Bids are rarcly seen in both nucleus and cytoplasm of the game
- eell, and there is no evidence that they migrate from one site to
another. However, Nakai et al, (1969) found that when the
nuclear nucleocapsids axce predominant in an infected cmlture, little
- virug budding from the cells surface is observed and low yields of

infectious virus are obtained,.



Temperature-Sensitive mtant.

Stabilit

Measles virus is a relatively thermolabile virus, Black
(1959) noticed that the half-life of the infectivity at 37°% is
about 2 hours at PH 7.5. 4Lt 56°C after 30 minutes measles virus
loses its infectivity. The virus is stable between P:I 5.0 and
P 10,5 (Iusser end Underwood, 1960). The storage of the virus
in the cold is greatly enhanced by the presence of cerw. or other
protein paterial. 1u the absence of protein the infectivity falls
even at - 70°C, When lyophylized, there is a small initial drop
in titer after which the infectivity remains relatively constant
(waterson, 1965).

Varioue research works and date have revealed that beta and
gamma radiation as well as alpha particles and deuterons easily
inactivate the virus (CGirardi et al, 15,03 Musser and Underwood
19603 and Tenvesh et 21. 1958). The virus can also be incctivated
readily by treatment with formalin (Norrby et al., 1975,. Several
groups of investigators have isclated teuperature-sensitive
mutants of measles virus (Prergholz et al, 1975; Hasel et 21, 19753
and Yamazi et al, 1972). Three complimentation groups of temperature-
sensitive rutants have been isolated (Laspel et al, 1975; and
Hergholz et al, 1975). liost of the mutants isolated by lus el et al,

(1975) are classified as R, - negative because they do no synthesize
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virion RN\ or produce detectable virus antigens at the nonperuigsive
temperature (3900). liore than half of the measles vim:s stroins
isolated by Bergholz et al. (1975) were RN. negative.

The 1. positive rmitants were defective in functious ascocia~
ted with the imtants isolated by Bergholz et al, (1975, taey did
not hemeadsorb or produce syncytia, but virus-specific antigens
were detected in the cytoplasm and nucleus. The other jroun of
RNi positive mutants ayntheeiied virion RHN.., nucleocapside and Hi,
but did not form gyncytia in infected cellsj and no il antigen

could be detected by immunofluorescence tests (Haspel et al, 1975).

Interferon

Measles virus had been found to induce the synthesis of inter-
feron during in vitro and in vivo replication (Delizeyer et al. 1961,
19653 Ho et al, 19€9; ilirchansy et al, 1969; Pertralli et al, 1965).

The inhibition of the virus by interfcron was also de:.onstrated
in the works of ..nderson et al, (1906k4); iirchamsy et al. [1369)
and Rapp, (196l;, when they found that addition of low concenirae
tion of actinomycin D to infected cells inhibited interferon
synthegis and ennauced both virus yields and plaque size.

The teruperature~sensitive wmutants of measles virus, giown at
either permissive or nonpermissive temperature, had unlike
reovirus (Lei et al. 1973) Sindbis virus (Ltkins et 2l. 1976) and
Semliki Forest virus (Lormiczi et al. 1970), been found nol to

induce interferon.
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Further studics had suggested that the inahility of those
'temperatuxc soneltive mitants to induce interferon uight we as a
result of the selection of virus particles that werc unable o
'induce interferon before mutegenesis. For example a wild type
revertant of measles virus was also unable to induce interfcron and
stocke of wild type virus appearsd to consist of a minture of virus
parficleé, gome of which induced interferon and seme of wviich did
not (Breschin ¢t al, 1976). Actually, the strains of measles virus
fromhwhich most of the termperature sensitive mitants woere derived
(Haspel et 21, 1975) consisted primarily of non-inferfarou-induciné
particles (uckimm et al. 1977). In fact, the ability or inability
qf measles virus to induce interferon may be partially under the
genetic control of the virion, since plaque-purified cloncs of
measles virus that induce interferon gensrally retain this cliarace

terigti: upon subseguent passas .. Hevertheless scme non-inducing

" ¢lonew regain the ability to induce interferon, and others nroduce

greater amounts of interferon after serial passage in Vero cells

(Mpkimm et al. 1977},

)
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Spread of leasles Virus.

his far as it is known, there is no animal reservoir for
measles virus, Transfer occurs from persons with the discase and
carrier state is yel to be documented.,

Parum {1846) suggested a respiratory mode of transmis.ion,
Entry into & new host probably occurs as a result of depocition
of virus in the upper reapirai;ory epithelium including perhaps the
conjuctival sec,

Incubation,

When Ender and Co-workers (1959) introduced measles virus
into meonkey, theyr found that viremia occurred on the 5th to 7th
day. During this § - 7 day interval, it was presumed that intense
viral multiplication occurred in reticuloendothelial tis.me
possibly following an early viremia (1st - 2nd day) whici: transfer
virus from regionzl respiratory lymph nodes to t e entire reticu-
loendotheliz system and viscera.

Rapp (1937 and Katz et al. (1962) found that, if neacles
virus is administercd to human by subcutaneous or intraveneous
route, the incubation period is shortened by 3 to L days. This
gives the indication that early multiplication in the rec irstory
epithelium and rrzional lymph nodes might have been by~passed and
the antigen was uwore rapidly introduced to the reticuloendothelial

system and viscera,
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If measles neutralizing antibody is administered early in
the incubation perviod subsequent disease can be nrevented in the
exposed suscepitible subject (lickhann, 1937). 1If less gamue
globulin ig usged, modification of the illness resultz and in some
cages the incubation period is prolonged.

In the Simian disease, consistent and merked leuwcopefia was
observed during the sccondary viremia {Sergiev et al, 1960}, It
hae been shown that the suspension of white blood cell can support
~ measles virus growth in vitrg (Berge et al, 1961). Measles cen
also be transmifted to susceptible volunteers by transi'er of washed
leusocytes from the persons with the disease {Rapp, 1937, and
measles virus can be recovered in tissue culture from washed leu-
cocyte suspension (Gresser et al. 1963).

Very little is known concerning the morphologic alteratione
agsocicted with meagleg virus evelopment in ihe firgt few days
following contact with the virus. WVithin 3 days following incus
bation in momleys, however, some degree of generalized lynphoid
hyperplasia and{ionte=cell formation has been noted (Serpiev et al.
1960}, These changes appear to be continously progrescive until
the onset of prodromal symptoms., Symptoms are lackiugy during the
early phase of the incubation period. Goodal (192%) and lartington

et al., (1959} revealed their obscrvation of typical corneal lesions
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in one patient and transient respiratory symptoms in others

shortly wlficr 2xposure to measles infection, sugresting that closer
observation for minor manifestations may reveal clinical efiects

of viral mmltiplication,

The clinical phase of recﬁgnizahle neasles inflection is
heralded by a 2-l days period of fever and increasing resniratory
symptoms, These symptoms are followed by the appearance of small
irregular spots of a bright red color, In the centre of each spot
as described by Xoplik in 1896 is a minute bluish white specl:,

This sign in most instances precedes the characteristic rash.

Viremia does occur during the prodrome and the respiratory
secretions yield large amounts of virus., The proliferation of
measles virus appears to be wide spread, This is supported by
the isolation of the virus from lungs, spleen, and cervical lymph
nodes ¢ a2 child dying during t.ie prodromal period (Sherman et al.
1958). Warthin, (1931) and Finkeldeg et al. (1931) observed epithe=-

lial and lymphoid giant cells during the prodrome.

There is also conjuctival inflammation in both man and monkeys
at this stage which also continues even after the appearaice of
the rash, .ctuzlly the prodrome corresponds to a perio¢ of intense
viral spread and mmltiplication during which considerable cellular
damage occurs which results in the symptomatology of the remaining

period of the disease.
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Llthough the diseage iz traditionally said to he anparent at
onset of ihie rash, it ig evident that intense viral activiity has
preceeded this visible evidence of measles virus infection. The -
raah'progresseu for about 3 daye from head to foot thouw iy it is
first detected about the hairline and face on the 14th day of
post=infection. During the progression of the rash the systemic
and respiratory symptoms reach a climax and recede rapidly after,
Usually recovery ils complets ﬁithin L=5 days, Lfter the viral
miltiplication might have ceased the hloed and respiratory secretions
continue to yield virus for as long as L2 hours following the onset .
of the rash (Ruckle et al., 19%9)., Lt about the 1st - Lth day of
rash, antibody appears, and the level inqreaseg and the virus
becones undetectable,

The measles rash are usuzlly benign but seldomly L1t can be
hemory igic and blesding on the skin may be acecompanied by
visceral hasworrhage in severe, often fatal 'black' measles,

although this type is hardly seen today (Krugman et al. 156Q),
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EPIDEMIOLOGY

The chanpging incidence éf measlés in a comﬁunity is governed
by the immne status of the population. There iz no naturnl re-
gervoir of infection but man. Jiitempts at transmission to lower
animal other than monkeys were unsuccessful (Rake and Shaffer
1932; 1941). IExcept for o few isclated population, and inespite of
vaccination against the disease, measles is endemic in mon thpoughs-
out the world, It's incidence rises to epidemic levels ot re.ular
intervals in a pattern that dgpends upon climatg, seasou, size and
density of pomulation and especizally the emergenée.gflnew generis
tion of susceptible hosts (Beéh, 1965} .

Measles cccur rore constantly in large populations, It nay
disappear from iscleted commnities for long intervals but when it
is re-introduced into the commnities, epidemics of great intensity
and abnormal severity are likely to ocecur (Bech, 1965). 1% is
also important to uote that when measles is introduced info a3
fully suscentible population, it spreads rapidly whatever the
season, and the attack rates are almost 100 (Bech, 19A5).

It was observed in Greenland in 1951 to 1954 during an epide~

mic that only L out of 4,262, less than 0,1 susceptible individuals

®
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escaped infection and that about 50} developed complication and
mortality rate was about eighteen times higher than that in a
subsequent epidemic (Bech, 1965).

High correlation between the measles incidence and climate
conditions had been observed and it was found that meacles morbi-
dity and the physical resistance of the virus are relatively
correlated to a low relative humidity (d. Jung ond 'irkler, 1964; de
Jung, 1965).

In Imesi, higeria, it was observed that measles epidenics
began in the middle of the dry season and declined with the onset
of the wet season (liorley, 1962). Gans et al. (1962 also found
that measles occurred in annual outbreak with greatest intensity
in the months before the rains and that, pressure is highesi in
the large towns in the southwest of Nigeria and less in rural arcas
in the savannah,

Social habits of commnities can also determine the exient
of epidemics, liorley et al, (1963) observed that measles epidemics
was usually at its peak during the dry season when the pcople of
Imesi commnity celebrate various festivals, During these

festivals which are usually spent in dancing and feastin: children



are usually backed and this provides excellent opporfunities for
the spread of droplet infeetions (Morley et al, 1963).

About 20, of susceptible individuals in a population could
maintain the virus at endemic incidence while 2% is sufficient
to initiate a seasonal epidemic (Barbbot and Gordon, 1954). The
peak age incidence depends upon local conditions, population

density and the chance of exposure (Barbbot and Gordon, 1954).
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MORTLLITY

The manifestations of measles in Nigerian children have been
described (lorley 19623 liorley Woodland and Martin 1963) and it
was shown that measles in Nigerian children was outstanding among
the acute infectious diseases causing death.

High mortality is of'ten associated with lack of food, es-
pecially under protein starvation. In this circumstance, the
disease is as severe as it was 150 years ago in 'Yestern FEuropean
countries (liorley et al, 1963), The mortality rate as o.scrved
by Morley (1961) was about 29% among infants and young children,
Generally the records showed a very high mortality rate in Africa
as a whole compared to other parts of the world. iicCregor (196l4)
reported a mortzlity rate of 14-15 percent and 22 per cent in
Gambia, Savage (1967) in Zambia found that the mortalit rate at
that time was as high as 30 and that the peak age was betwcen
6-18 months, Iiiorley et al, (1967) reported a mortalit~ rate of
5.T% for East ifrica. Ailthough the mortality percentage as a
result of reasles is on the decline, there are still soue aveas
in Nigeria or /frica as a wholé where children espccially infants

die from the disease due to social taboos carelessness and ignorance,



PERSISTENT INFECTION
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Measles virus, like other paramyxoviruses, had been lound in
vitro to produce persistent infection (Choppin et al. 1975; Rapp
et al. 197L). ijeasles infection usually results in widespread
cellular destruction, but when surviving cells are selected and
subcultured, they are often found to be persistently infected.

It is characteristic of ﬁost persigtent infections that the
cultures are usually refractory to superinfection with measles
virus, but are readily infected with other unrelated viruses (lienna
et al, 1975; Korrby 1972; and Rustigian 1966).

However, there are various types of persistently infected
cultures, There is the "carrier culture" persistent infection
produced by measles virus. In this case, low levels of in‘ectious
virus are continually shed into the medium (Barry et al, 1976;
Gibson et al, 1972; Gould et al., 1975; Haspel et al, 1973;
Maclntyre et 21, 19763 Norrby et al, 1977; Rustigian, 19623 1966),
Rustigian (1966) had confirmed that such a culture could be main-
tained for a lon; period,

Persistent measles infections can be established by growing
infected cclls in the presence of specific antisery (Gould et al,
19753 Norrby 1967; Rustigian, 1966)., It has also been found that
interfercon iuduction does not appear to be responsible for the low

virus yields (Gibson et al. 1972; Norrby 1967; and Rapp et al. 1974).
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It was reported by laulen et al (1976) that cells persisiently
infected with canine distémpéf.virus release into the medium a
factor that selectively inhibits the replication of canine dis-
temper'and measles virug. ..¥ . |

The second type of peféis{éﬁt infectioﬁ reported is the ‘non-
yielder!", These non-yielder cultures were found to fail to
produce infectious virus and the cultures also contain vizus-
specific intra-cellular antigens (Knight et al. 1972; lgha et al,
19753 and Rustigian, 1966) and all size classes of virusespecific
RNA (Winston el al. 19?3). | |

These two types of persiste;t infe&tiOn ére gong how indig-
tinctable since Rusligian, (1966} found in his works that, by
subculturing carrier cultures of Hela cells in the presence of
antiserun, scme clones that failed to release infectious virus
were isolated. Conversely persistently infected hamster eubryo
fibroblasts that did not produce infectious virus {(Knight et al,
1972) began to spontanecously release low levels of infecticus
virus when the cclls were repeatedly passaged (Haspel et al. 1973).

Infecticus virus has been recovered from cells persistently
infected with measles virus by co~cultivabting the cells with a
different susceptible cell line (Knight et al, 1972}, and increased

virus yields have been obtained by lowering the incubation temperature
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(Haspel ef al. 1973; Norrby, 1967);

Treatment with such drugs like (iododeoxy-uridine, bremodeox-
yuridine or mitomyein C) (Rapp et al. 197k4) did not provent virus
vields. In another studies Flanagan et al (1976) and lienna et al.
(1975) found that treatment with inhibitors produced an increase
in_number of cells that would haemadsorb, but infectiouns virus
wwéé”not detected. it haes been suggested that virus may be tlocked
at a latter stage in the replication cycle, since studies demons-
. trated that infectious virus could be recovered within 6 hours
affer co-cﬁi£ivation, even in the presence of RWL end protein ine .
hibitors (Haspel et al. 1973).

Role of Pefective Particleg in Persistent Infections,

Defective interfering particles often arise during; serial,
undiluted passage of virus stocks, and they are particles that
cont%in only part of the virus genome, Huang et al, (1970) suggested
thﬁé defective inteirfering particles may be associcted with perm
sigtent infections in viftro and in vivo. ilthough defective
particles require the presence of non-defective homologous viruse
for their replication, they concomitantly interfere with the re-
plication of standard virus (Huang, 1973). Although it is still ah
gpeculation that defective interfering particles can arise in

measles virug infecotions nevertheless such has been deseribed for
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several paramyxovirus systems (Kingsbury et al. 1970; Lolakofsky,
19763 and Koman et al, 1976).

However, Hall et al (1974) recently reported undiluted passaged
meagles virus stocks, which demonstrated many of the characteristics
of defective interfering particles. The virus stocks consisting
these particles were able to establish persistent infections in
Vero cells.

Role of Tewperature-sensitive lutants in Persistent Infections.

It has been suggested that teuperature-sensitive mitantis may
participate in the establishment, and or maintenance of pcruistent
infections and that they may be selected for, during the course
of a persistent infection (Preble et al. 1975).

There have been reports on the isolation of temperature-
sensitive nutant from cells infected by some other viruses such
as Senda virus (Nagata et al, 1972) and Newcastle Diseasc Virus
(Preble et al, 1972 and 1973; Stanwick et al. 1976; Younzmer et al.
1975). Even isol ition of temperature-~sensitive mutants of measles
virus has also been reported (Haspel et al. 1973).

Knight et al (1972) established a "non-yielder" culiure of
hamster embryo cells which spontaneously began to produce small
amounts of virus after 18 passages at 37°C. The same culture also
was made to increase its virus yield when the incubation terperature

was lowered to 33.5°C and the virus that was released was temperature-
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sensitive (liaspel et al. 1973). Gould and Linton (1975, also
iseclated a teuperature-sensitive mutant from Hep~2 cells persise
tently infected with measles. But when cultured at 39°C tie
culture appeared "cured" due to the loss of detectable intracellu=-
lar antigens. dowever, the antigens reappeared when the oclls
were shifted back to 37°C and subcultured. Furthermore, it has
been found that the temperature-sensitive mutant of measles virus
was lost fron persistently infected hamster cells during Turther
subculture and was replaced with a virus that replicated like the

wild-type virus (Haspel et al, 1973; and Rapp et al. 1974).



COIPLICATIONS ASSOCILTED WITH MEASLES INFECTIOHS



Measles virus is ubligaitous and "classic" measles inicciion
igs a common digease of childhocod. The virus is highly infcciious
and spreads by droplet infection. The neasles virus inditiate in-
fection in the upper respiratory tract of susceptible individuals.

Clinically it has been noticed that symptoms that indicate
heurological invelvement develop in many patients duriup measles
virus infections. However, whether the virug invades the central
nervous systowm during the secondary viremiz is not yet known.
Furthermore, during the peak of clinical illness, at least S50 of
measles patients have transient electroencephalograhpic chenges
(Gibbs et al., 19L9; Katz, 19?2). Pampiglione et al (19?1) has
alsoe docwentcd aberrant electroencephalographic patterns after
vaccination, Lbout 10¢ of measles patients were found ito demonstrate
CSF pleoeytosis, (that is, increase in number of cerebrospinal
fluid lympoeytes) (Katz, 1972; 0jala 1947). In actual foct,
apart from neurcologrical involvement, many workers have docunented
‘a wide variety of complications that ean arise duriny leasles ine
feetions.

Central Hervous Hystem Diserders

buncephalomyelitis, the most common c¢entral nervous systenm
complication may occur after the scute phase of measles iulection

has begun to subside (liiller et al., 1956). .. number of neurological
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disorders such ag toxie encephalopathy, myelitis, throubophlebitis

of cerebral veins, hemiplegia, optic neuritis, polyradiculoneu-

ritis (liller et al. 1956; Tyler, 1957) and Bell's Palsy (Pollcck et al.
1975) have also been reported.

The onsel of encephalomyelitis in measles patients, usvally,
is marked by seizures, altercd states of consciousnes:, and coma,
and the appearance of CSF pleocytosis, an increase in C5F protein
levels and electroencephalographic abnormalities (Ehrengut, 19653
Katz, 19723 and Laloccetta et al. 1964). Between 10" and 30 of
all cases are fatal and 20¢ to 50} of the survivors do deveclop
significant motor, intellectual, sensory or emotional sequelae
(idams et al, 1966; wicardi et al. 1977; Katz, 1972; and lzioccetta

et al, 196l).

Giant Cel’ Pneumonia

Giant cell pneumonia (Hech's giant cell pneumoniz) is a rare
complication of measles infection, It is a fatal interstitial
pneumonitis that is characterized by the presence of mltinucleated
giant cells in the respiratory tract (Enders et al, 1959; and ¥atz,
1972).

Althourh most cases occur in children with malignancies or
other severe disorders, cases of giant cell pneumonia has 2lso been

found in patients who had no symptoms of measlcs (Enders et al, 19593
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and Mitus et al. 1965). However in others, it developed after

the subsideuce of a normal measles virus infection (Breitleld et
al, 1973; ilitus et al, 1959). ileasles virus has been fownd to
persist for a long period of time in the few survivors, and their
antibody response was impairedj no antibody formation was detected
in fatal cases (liitus et al., 1959; 1965). -

Measles virus was also isolated from lungs auniopsy frou
patients with leukemia, measles and giant cell pnewsonia {;.itus et
al. 1959). Before measles was identified as the agent of giante
cell ﬁneumonia, it had been suggested that the disease was caused
by canine distemper virus on the bases of the serologic reseublance
(Ldams et 21, 1956; Pinkerton et al, 1945). Canine distcuper and

measles virus are antigenically related.

Disruption of the Immune Systen,

Both huioral and cellular responses could be affected in a
variety of ways due to measles virus infection. In general,
measles virus infections and vaccination with life virus rcsult in
antibody formation and life long immunity (Katz, 1972; teri.culen
et al, 1972}, Cell - mediated immunity is important, because
children with agamma-globulinemia respond normally to mecsles ine
fections and cre immme to reinfection in the absence of detectable

antibody formation (Bumrmet, 1968; Good et al. 1956),



In several Iatal cases of neasles, imaunolopical consl’cation
such as aggregctions of thiymocytes, formation of large s .me tia in
the thymus znd desiruection of the thymic cortex werc veraricd
(*hite et 21, 1973).

Cell-mcdiated immuuity mey be temporarily impoirecd by ucnsles
virug infections, Von Pirquet (1908) noticed the loss o. ihere
culin responus in children with measles. Cases of tubesculosis
were found by lecn (1565) to be reactivated or exacerbrie’ during
measles ini ctions. Lrody et al (196L); Fireman et =l. (1279
liellman et al (1963); Zweiman et al (1971) have docwi.cted o iran—
sient loss of dclayed cutancous hypersensitivity te btubercvlin and
other antijeus in nmeasles patients and individuals vaccinoted with
live measles virus.

The unreaciivity of lymphocstes infected with reaslcs virus,
or obtained from measles patients, as determined by theiy inabilisy
to mount a proliferative response to stirmlating antigers, sich as
phyto=hencgglutinin (PiL.) wmay be one of the attributed Tacoows to
the temporary iwanological impairement {Finkel et al, 1773
Sullivan et 2l, 1575; and Zweimen et al, 1971). ..lso c‘orland (1971)
found that function hLelper T-cell from measles virus-iniceted nice

appeared ic be suppressed.
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Imvestigators, have found that lymphoéytea respond normally
to phytohemagglutinins (Gragiano et al, 1975; Osunkoya et al 1974
Ruckdeschel et al, 1975), but the response deperd on type of
antigen used {Fireman et al, 1969) or on the individual lymphoeytes
donor {Dummire et al. 1975),

Even though measles virus can infect lymphocytes, both lytiec
and persistent infections would be obtained as long as the temperature
ias favourable (Barry et al. 1976) Joseph et al, 1975; Minagawa
et 21, 1976; and Sullivan et al 1975).. Measles virus infected
cells can be lysed in the ﬁreaence of specific antibody and complement
(Hicks et al, 1976:; Joseph et al. 1975; and Minagawa et al, 1971)
but under conditions that strip virus antigens from cells surface
(antigen modulation), infected cells become Tresistant to immune

cytolysis (Joseph et sl, 19743 1975),

e T

Hela oellé persis‘tent:.ly infected with measles virus has ﬁeen
found by radio-immunoassays to bind two to three times less antibody
than do acutely infected cells, and these cells were also found to be
more resistant te antibody-medisted lysis, The result of
Ogunkoya et al, (1974) was supported by the work of Joseph et al
(1976), who observed that when lymphocytes from measles patients were
stimulated with phytohewmegglutinin (PHA), measles antigens ocould be

detected by immunofluorescence,
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However, tiic survivel of infected lymphocytes ind otlice cclls
in the presence of spceifie antibody could have imnlicntions for
certain chreonic disorders such as subacute sclerosing parencepha-
litis that hesg beon atiributed to measles,

Neurologicz! Disesses Linked To ikasles Infection

Subacute Scleroging "anencephalitis:

Subacute Sclerosing pancneephalitis « (SSPE) is a »uwe, ine
flammatory, slowly depeucrative disease of central nervous uystem
which oceurs in children and young adults (Johannes ¢t ~l. 1975;
Peyne et al, 1971; and terrieulen et al. 1972). Thc disease begins
with a decrease in intellcctuel skills and ternineles in mn almost
complete loss of cortical function and death (Jabbour et ~l, 1969;
Johannes et al., 1975; Zeman et al, 1968), SSPE - Subacutc Sclero-
sing Parencephalitis produces a2 diffuse encephalitis of Jhite and
grey matter (i.c, pancncephalitis) characterized by demyelin-tion,
large increcascas in fibrous astrocytes, infiltration bv lviphocytes
and plasnc collsg, perivascular cuffing, and prouncunced ncvronal
loss in the cerebral cortex (Johannes et al. 1975; Johnoon, 19703
Paker et al, 1970; teriiculen et 2l, 19723 and Zesan ct 21, 1968,

Dawson whc in 1933 proposcd that SSPE night bc of viius origin
first noticcd cosinophilic Cowdry type /i intranuclear irclusion

bodies in nerve c.1lls and especially in oligodendroglinl cells,
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tiany other investigators later made the same obseoveticr, ~ncé found
that thesc inclusious consist of structures rescnbling peic yrio=
virus nuclcocapsids (Dayan et al, 1967; Freeran et 21, 15073 ‘.erndon
et al, 1968; ¥atz ct al, 19693 Perier et al. 1968; Shaw ct =21, 19673
and Tellez et =l, 1966},

It has becn suggested that SSPE may be a more gysicnmic discase
than is clinically appercnt, since ncasles antigens have T.oon
detected in lung, kidrncy ond spleen biopsies, cnd uvetsles virvs
has been recovered fron lywph nodes of some SSPE paiiunts orta-
Barbose et al. 19713 Jenis et al. 1973; Johannes ¢t &l. 1075,
Jabbour et ol {1972) 2nd Sever e¢t a2l (1974), in thoir cpidetiolo=
gical data, siow.d that wore than S0 of SSPE patients iy clinical
measgles infectious before the age of 2 years and thot tho clinical
onset begins at the neon age of 10 years, resulting in 2 incubew
tion period averaging 6 years. But they also suggestel tinl Si1E

might be duc to a latent reaslee infection.
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iltiple Sclerosis o (iB)

ultiplc Seleresis is a2 subeacute or chronic discos. of young
adults that ususlly follows a course of relapses ond reciscions
over a period of ycars. The severity and variety of ncuiological
symptons produvced depend on individuals (iicAlpinc, 19723 v~ .crsons,
1971).

terson (1971, suggested that the demyelination in laliiple

Sclercsis aight be duc to an amtoirwanc response, but in Lo epie
demiological date hased on age distribution curve and . co; re hical
distribution, it was thought that [iS might bc causcd by su indcctious
agent (icheson, 1972; .lter et al, 19763 Brody, 1972; .cstian et al,
1975; and Poscr, 1972).

However, ..daus and Inegawa (1962) and several invest’ ntors
have found high titceyr of measles antibody in the sersz nd CL0 of
IS patients { ‘rody ct al, 1972; 1971; Henson et al, 1970; Lorrby
et al. 197L; Ponelius et al,. i970; and Sal.i et al. 1972;.

Lis in 3LFL, poticnte with multiple sclerosis have lov seruie
to~CSF=2ntibody rntios, suggesting that the antibody in t:¢ (LT
nust have boen produced within the central nervous systen (Lnlid

et al. 1972).



Bacteria Ipfection

Many workers have reported the occurrence of different type of
supperative bacterial infection which complicate measles infection,
More common are laryngotr.acheitis, bronchiolitis, otitis media,
mastoiditis, bronchopneumonia and combinations there of (Morley

et al, 1963),

The bacterial infection is enhanced by injury to the respiratory
mucosa and by the diminution of normal ciliary propulsion of the mucous
blarket, Morley et al (1963) reported bronchopneumonia to be
responsible for mortality rate as high as 32% in children of about
2 years of age, while laryngitis claimed 8 lives out of 32 cases
reported, thie gives about 29% mortality rate,

In the tropies such illnesss likc diarrhoca, eanrum oris and
kwashiorkor, often in combinations, complicate measles illness
(Morley et al, 1963). Morley (1961) observed that diarrhoea ranked
second to bronchopneumonia as the cause of death following measles
complication, Catarrhal symptoms and loose stools were amongst the
illness that were present in a great frequency in Nigerian children
and were absent in children in the United States (Morley et al, 1961),
The diarrhoea is more common after the rash has appeared and it is
usually followed by kwashiorkor; the sore mouth of measles experienced
by some of the cases usually lead to marasmus due to the patient's

inability to eat,
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Inmnity fo measles is ppptly  dependent on the level of
circulating antibodies to neasles virus in each individual. Usually
newhorn iafants aic protected by meternal antiboedy for 6-8 ouths
after birth, _.lbrecht et al (1%77) observed in their stwdy that
at 12 nonths, sone children still have weasurable matemcl coti-
badieg to neasles virus. g

Heasloo antibodieg uay first be detected froun the first o
the twanty-fifﬁh daylﬁf earlier after the onset of illnesz | nderse
Ruckle, 1965}. siter o maximus titer hoad been attained, loere is
a slight drop in tiier during the next cight to eighteoen onihs
(Forrby et al, 1966}, thereafter the antibodies persist for life
with o slov deeline for more than thirty years nfter the illness
(Ruckle and Rogers, 1957: Black, 19593 and Dekking, 1965.. i rugnman
(1977) roported the pewsistonce of HI antibody for nexind of 8«10
years. Scrological datz {Bass et al. 19763 and Yeager, 1957 also
supported the existonce of waning immunity to measles Cw10 :ronrs
following vaccinutimﬁ. During thiz period of woning Lrwmnity, if
the subjects ore cxpoged to nmeasles, for exarple during epidconics,
the exposure usually results in boostering of antibody level
(anamestic response). Erugrnon, (1971) observed thet cnildren who
were not c¥posed had their titer dropped from 1:512 = 1:16 whereas
those exposcd had their titers dropped from 131128 - 1164 ~and later

raised up to 1:128.
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Due to this dceclining titer with tine, one moy lile tec nslk of
how low the level of antibody wpay fall before an individusl could
becone susceptibic, 1t was obscrved by Ender=Ruckle 1965 thut
clinical inanity was maintained with very low or cvon non-is:tsurable
concentrotions of antibedies, such as exist in children wili declie
ning materncl iniibody at the age of S-8 months or after iujection
of preventive dogses of gamma globulin, On the contr ry, suscuptie
bility to neasles scens to exist in those who have neuty 'iying
antibody titcrs of loss than 1:8 (Stokes et al, 19613 Kexclitz and
Markhan, 1962), It was alsc observed in the serological doio
obteined by Wuiner et al (1977) that subjects who have Vi antibody
level of 1:32 were also susceptible to attack during -n outbreak
of neasles nmengst the adolescents,

Since any detectrble level of HI antibody is indicative of
immnity to vensles (Frugmen, 1977), testing for low antibody
levels would hielp to nooasure persistence immunity follouin:: ratural
infection or iLrvunization. When the cut-off of FI titer wns 1.8,.
he found thot antibody was not detectable 12 years nfter notural
neasles infection in 9 of L6 children and 0 of 23 chilirca who
had received live attenuated Edronston B vaceine plus 15C [ J:ymne
Serun Gluhulin) and in 33 of 78 children who recciver tue fuither

attenuated voccine. Jlso in the sane study, at o cuteoif point of
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titer 1:2, 12 yenrs later, antibody was measurable in ~ll ¢
children, who had natursl infection and whe recocived live s otenuated
vaceine whercas © . of those whe received further attournicd vaccine
had no detectable antibody, In this respecet the wor't o ~ musan
(197?) wag uct in full a2grecnent with the works of ucll:z tnd Hogers
(1957), Black, {1959}, and Decking, (1965). It is also olwicus that
it is posoible for antibody level to drop to undetceto’le vilue
12-14 years after succcssful impunization. This wes cloerved by
Krugnan (1957, wiio found no detectable antibodies in 7 children 12-
1} years after imaunization but they later gave L uicnl booster ros-
ponse when re-voceinated,

Secondory menslcs infections are unusual but they iy cceur
in some inotances when probably gnona glubulin is given e rophy-
lactic reasurc. Such subjects would normnlly contract cecsles ine
fection if exposcd (Schluenderbug 1965), There is no doubt alsc
that repected reinfection does occur anongst vaccinatod sowvjects
especially auring epidenies (ileCormick c¢t 21, 19773 Shopp ct al,
19763 and ''yll ~nd “hite 1971). This, ncverthecless, lerar 0
boestering of the antilody levels. Reinfection of iwnilis virus
uzy also be atiributed to the following:
{a) Immnizing c.ildrin at tender nge i.e. before 1 wow of age

(Llbrecht. 1977): =nd Yeager et 2l. 1977); which usw. ly results

in lack of ~ntibody production due to the fact that cuisting
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matern:] nntibody circulating in the child preveat tho virus

from initicuing inmune responsc.

(b) Use of “illcd virues vaccine which had been proved not to give
adequntc lony-tern protection in & sigmificont pro ortion of
adolescent (Veiner et al, 1977).

(c¢) Impropcr stortwc of the vaccines which could lec. e lase of
its ontigeniecity, thus resulting in its inability v roduce
irvmne roupense if uscd (Bghafona, 1978).

The dezree of ~ntibody response to nmeasles is also inflvonced
by age, nutrition and pre-existing disease of the pnticni. Uhidldren
suffering froir nmalnutrition sometines exhibit a deloyed ~nl reduced
imune renction, 1In this type of penple, antibodies, aftc the
usual decline, roy be present in niniuwal concentration (" mdcrse
Ruckle, 196l).

The nmcchanisas which are responsible for the porsistence of
humoral irswmnity hove not been fully identified., The factors to
be congidercd fﬂnders-ﬁuckle,.196h) are booster e«ff.ct where there
could be possibility of reinfcction with circulsting ensl s viruss
intracellulor persistence of infectious virus or subuwi:its could

also be o possibilitye
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Perivnent resistonce to further attnck, of measles oftor
active immnization or after infecticn, hos been studicd by rLony
investigotors using the presence and level of circulating neosles
antibodies in ihe body fluid as a2 neasure of the state of Lurmnity
to measlecs irfecticn, probably because precise laborotory iwthod
for the assessrunt of acquired cellular immnity to iecsles is yet
to be developed,

The Hemagzlutinin: This tern has been applied to various forus
and couponents of reaslcs virus and all of then exhibit liewogzlue-
tinating sctivity., It was found by Norrby ond coeworkers (194l),
that the viral envelope bear structures, probably proteinsg, ond
possibly involving a carbohydrate, which adhere specific-1ly to
erythrocytes of various primate species., It was also found thot
in the prescnco of enough viruses the erythrocytes werc vissibly
agelutinated, This phenonenon was &lso observed on ihe svefcce of
cells infecicd with nensles virus, Borron, 'ilgrom, Karzon ~nd
Whitebsky, {1503) aluo deronstrated by nmixed agglutinstion Gic
presence of specific. viral material on the surfoce of Zufected
cells.

Heasles vivion does not have to be infective nor iauvet to be
capable of exhibiting heusgglutination. This point bhes beon supported

by the work of rierie's and Channy (1962), who fourd th~t alter
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secdimentation of 211 detectible infectivity fron the irus cuspone
sions, sore henagglutinating cctivity rcueined, This Lo of
perticle was referrved to as the sunll heragglutinin, 1 loeled
nucleic acid wnd infectivity. It has only small degrie ol henolyse
ing and conpleicnt-fixing activity. The other form of Lcioirloe
tinin is referocd to as large hemageglutinin, This was showm to cone
tain nucleie neid {lorrby et al. 1964). It alse coutninw .08t of
the heuolytic nnd coumlerent-fixing activities. The heon glvtinc-
ting activity can be enhanced without denaturing the nivtcic coat
by treating the virus with Tween-ether (Norrby, 1962; f.ierson,
Rott and Ruckle~hndcrs 1963),

Sone basic chorocteristics of reasles virus that diffcuven-
tiate it frow vost 1yxoviruses are  that when measles viius
agglutinctes crythrocytes therc is no elution of the v'img fron the
erythrocytes. ..11 attenpt to reunove the virus froo. the crythroe
cyte by nvuraiinidase or proteclytic enzyres has {nilec
(vaterson, 1965,

The highesi heriagglutinetien is obtained at 37013. The
reaction cen toke place uver a wide range of Pﬂ vilues o hel -
PN‘IOJ) and the heragrlutinating activity of the vivus ic stable
after pre-treatwni ovver the s F’H range. iemag lutiaciion is a

property the virus possess which is fairly heat stoble rol-dive to
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its infectivity. It had also been found that hemcs luiliunilng
activity of the narticles formed after ether and Tween 00 irente \
nent is vore thcroostoble than that of the intact viricn | oierson,
1965).

Measles virus also cxhibit henolytic activity. i wlysis by
mensles virue was obscrved by Perie's and Channy (1960) ond las
also been stulicd cxtensively by Norrby and Falksveden (19¢L).
Unlike heungylutining the hevolytic activity of the viive ic lost
on treaticnt with ethcr, It is 2lso more sensitive to tic »nl
inactivaticn.

:ntigens: ‘o particuler antigens have been isolated in a -ore
state fron neculcs virus (Waterson, 1965), but it will be i qoirte
ant to note thnt the activities of neasles virus ogoins. w.ich
antibodies are dJdenonstrable ore henngglutination, he 0l s s, ine
fectivity and corplenent=fixations Thus it sinply nerns ot
individuals or experinentnl aninals possess in thoir serc anti-
bedies which will inhibit heragglutination and herclysis, wiich
will neutralizc infeetivity and which will fix conplenwat with the
virus or its corocnents.

Waterson (1965) also reported that there is a typc of distrie
bution of activitics and antigenicities in the virus. 'laterson
(1965) found that the envelope of the virion was respons.ile for

stimulating the production of henagglutination-inhibitic,;
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and neutrclizing-cntibedies and preswably hemolysis iuvhiuviting
activity. The envelope is also capable of fixing comple - ui,
though the uvcleocrpsid is responsible for part of tic cooilenent-
fixing activity (‘'mterson, 1965).

Preparatica oo lfcio, lutinot tigen (Hi

any none: ttenuuic? isolate cdepted to tisswe cult. o ig suited
for the preparsiion of iL. antigen, s long as the virus slrcin or
line produces Jdutectable wicunts of henngglutinin in the cuosen
cell systenn (incers<iinckle, 1964L).

This type of sntigen con be obtaired if cell o livzes ore
inoculated with nizh rmltiplicities of infcectious virus wiieh, in
turn causes forn~tion of snall giant cells along with gniadle cell
transforintion rother than the symeytia type of cytup~thic cffuet.
This change is riore 1requently induced in virus moterisl contoining
a high proporiion of non=-infectious spontaneocusly disivicgrated
particles (nders, 1962; Rapp, 1959; Oddo et al. 1961,, In tie
production of K. antigun the successive passages =t high mliinli-
city of the infcetcd cells enmhance the spindle cell degoncration
and the final titers of the various biologic activitice i the
product. The preporction is usually incubated at 3600 for sone
days depending ~n the source of cell line used for e enlinr, and
after the cytoplinthic change night have involved about 70--1045. of

thc monol~yecr, the supernatant and the intra=ccllulor vioone is
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harvested, .an ers-Rucile (196l) used Twecn-etheresplit @..tiwd to
produce the rosctic-lile Heragglutinating substructure ' is cter
40=60 ™) frown the horvested virus culture, This retiwd ives a
nigher degrec of )L. activity than even nany-folds of concentreted
infectiocus virus preporntions.
Indicators The indicator used wes the erythroeytes of woalcy,.
linny workers hove found that red bleood c:lls of certcin oiuctes
excluding uan arc :‘.,gglutinablé by measles virusz., Spueics Jeon
other readily ~w ilible rarnmalian families haove boen fesicd -nd
their erythrocytes Tound insusceptible to agglutinoticn by wwasles
virus (Pieri.'s ord Channy, 1960; Der Meio and Gower, 1.061:
Rosanoff, 19G1; loahn, 1962),

s1thourh there werc differcnt opinion about the ssusitivicy
of erythrocytes from differcnt species of monkey, red blood cclls
from any specics of monkey is suitable (Perie's and Chzany, 1962).
Rosanoff (1961), found that red blood cells from rhesus, cynoiioe
gous, patas, grecn uionkey and baboons were equally scnsiiove in
henagglutinetion test even when Perie and Channy (1900, 1962 re-
commended rud cells fro:. baboens (cynocephalus) and poias {crythroe
cebus). 1t is very icportant tc note here that cven whco the red

blood cells of the sciic species of nonkey are used thire cauid



exist a large riui e of leragglutinetion titers, This o'nl was
found by Punddicsiidi cad Kiteweki (1963), when ther used wi¢ Llood
cells from sever:] individusl cynouclgous nonkey -nd 4o s&c stock
of virus, but obtoined titers ringing froo 1:684 - 1.102L, ‘ovcver,
Enders-Ruci:le {1965, found that, out of the four specics leaiid,
(cercopithecus, potoe, cynonclgous and rhesus), cercopiibcus red
bloed cells were :.ost sunsitive,

Due to this weculi-r properticvs of heragyglutinntion rwivibition,
Hemngglutisation nnd homegglutination Inhibition (UI) tusis hove
been the nst useful serological techniques used all over the
world. The Hcuegplutination Inhibition test is very siiole and
easy to perforii. 1t alzc has a viry high corrcletion eomon.d with

other test:s likc ncutralization and complerent-fixatin,
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MATGRIAL AND METHODS

Collection of Sera Samples

Blood samples were collected from children in selected primary
schools from nine Local Covernment Areas visited, In six of the
nine ILocal Govwernment Areas two schools were selected for specimen
collection, In Zaria, Kaduna and Jema'a Federation Local Govermment
Areas where there are marny primary schools seven, four and five
primary schools were visited respectively for the purpose of specimen
collection, Thus 28 schools were visited in all,

Blood samples were collected from approximately sixty pupile in
classes one to six, in each school, and the ages of the pupils ranged
from six to fifteen (except in schools where there were older children),

The total nmumber of sera specimen collected and assayed was 1,607,

Collection of Blood

Venous puncture method was used for the collection of the blood
samples and the method is described below,

A rubber tourniquet was tied around the arm above the elbow,
This helps make the veins vissible, and also obstruct wvenous return
from the limb, so as to facilitate the withdrawal of blood from

vein, Then the selected area where the blood is to be collected
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ia thoroughly wiped clean with alcohol pad, and a sterile disposable
5 ml syringe with 21 guesge needle is used to collect the blood from
the chosen vein, The blood is immediately transferred to a sterile
7 ml bottle, kept in a slanting position at room tem_mratum and the
blood is allowed to clot, S

Before the meedle is removed from the vein, t.hﬁ rubber tour-
niquet is first released, a piece of sterile cotton wool is held over
the punctured site, and sach c¢hild is told to fold over the am,
This prevented excessive less of blood, Then the blood is clotted,
the serum is decanted into a sterile centrifuge tube and centrifuged
for 10 minutes at about 1,000 rpm to pack any red blood cells present,
Then the serum is aseptically separated into =2 serum container, The
above described procedure was used for the collection of blood for
this investigation, This procesé ﬁas performed for each of the
over one thousand blood samples c¢ollectsd, The sera were then

stored st -—200(5.

e

Collection of Monkey red blood cells for HAT Test - = =

The red blood cells of patas morkey Erythrocebus patas

(Schieber) was collected by cardiac puncture method in four times
its own volume of alsever solution, The collection wes done
throughout by a veterinary surgeon weach time it was needed, The

monkey was put to sleep by intrasmuscular administration of a
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sedative (Ketamine hydrochloride injection - Vetalar), manufactured
by Park, Davis arnd Co,, Detroit, Michigan 49232, U.S.A. (121,86900
Vet, 5G), This was administered on a volume per weight basis,

The morkey erythrocytes were washed in physiological saline
(0.89% sodium chloride in distil water) for, at least, three times
and the buffy coat was removed, The packed erythrocytes were then
suspended in Alsever's solution to make up 50 per cent, The mixture
was then stored at 4°C for not more than one week., A further one
percent (1,0%) suspension was made from the stock whenever needed

for Hemagglutination Inhibition test,
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The hemagglutination inhibition test was performed in Linbro/
Titertek microtitration multi-well plates (YNo,76-221-05) with
conical bottom wells (1,0 x 0,7 approximately) which have well
capacity of 0,25 ml approximately, The plates were obtained from
Linbro Scientific, Inc., subsidiary of Flow Laboratories Inc, Hamdem
Conn, 06517, U.S.A.

Heagents

The reagents used for the hemagglutination assay are as follows:-

(a) Measles H{ arntigen (VHO3) prepared by Tween-ether treatment of
a strain of measles virus grown in monkey kidney cells,

(b) Measles HA negative control antigen (VEO3) prepared in a similar
way from uninfected control cells,

(¢) Measles HAI positive cortrol serum (VGO3) prepared from a pool
of moasles immune sera (this positive control serum inhibits
hemagglutinating activity of measles HA antigen),

(d) Measles HAI megative control serum (VJ03) which does not
inhibit hemagglutinating activity of measles HA antigen, and
was prepared from a pool of sera measles-susceptible children,

All of these were obtained from Burroughs Wellcome Reagent Ltd,
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Becknhan, Kent BR 3315, Englond,

The Inaclin uged te absorb all the nonespeciflic aniioocies that
night be prescent in the sera was obtained fron the Phor ey wepart-
nent of .hmadu sello University Teaching Hospital (LiV -, laoris,
Nigeria,

Trc2timent of Seroc to ronove nonespecific Jjntibodies,

..... -

The ueuhod vased wis rocommended by Burrcoushs Welleonio exeept
for a slight modification which will be mentioned belowe Twenty-
five per c.n. Xaclin was prepared in physiological salice ~ad
this was uscd in the absorption preccess,

Serw: in 0,1 ol volune was added to each 0.3 il of . 2olin,

The mixture wes allowed to stand at roon tenperature for obout

20 mins, (Virel Research Labcratory, Ibiden, Nigeria)e ..tex 20
iins incubntion, the nixture was centrifuged at 100 rpr. to neck the
Knclin. Then, iate ench of the treated serun, = drop of 50 iwenkey
erythrocytes was added, and this nixture was left ot L% versight.

The folloving dny, ithe nixture wes centrifused ~t <oout 1000
rpm for 10 min, to pack the erythrocytes. The supernnicut witich
rnow represcuted 1.4 serw: dilution) was reioved with 2 sio-ile

pasteur pipctte inte a sterile test tube,
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The addition of Kaolin was a minor modification of the method
used by Burroughs Wellcome and it also ensured complete removal of
non=speci’ic hemagglutininse and other heterophile antibodies
(Kano and Millgrom, 1977)., When only 50F monkey erythrocyte was used
for the absorption process, as recommerded by Burroughs Wellcome,
it was found that the sera were not properly absorbed, Both the
positive arnd negative control sera were also absorbed in the same
way as the test sers,

The lyophilized HA antigen (VHO3) from Burroughs Wellcome was
recorstituted with 1 nl sterile deiomized water as recommerded by
Burroughs Wellcome,

- The 1:4 dilution of the antigen was made in a test tube by
the addition of 0,1 ml of the recomstituted antigen to 0.3 ml of
sterile saline which was the diluent in the test,

Saline solution in a 0,025 ml volume was added to well 2-9 of a
conical shaped microtitration plate, and into wells 10-12 (0,05 ml)
of saline as added, Into the first well 0,05 ml of the diluted
antigen was added and with micrmtitration diluter, 0,025 ml of the
diluted antigen was transferred from the first well into the secord
well, mixed thoroughly by rotating the diluter apd 0,025 ml of
further diluted antigen was transferred into the third well, This
doubling dilution process was continued up to well mumber nine and

the last transfer was discarded,
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Then 0,025 1l of sterile stline was added to well nunbers 1
to 9, after this exercise, 0,025 nl of onc percent {1.0°) :onkey
erythrocyte rnode frow the 504 stock, was added into all ithe wells,
Thus wells 10-12 contained just the saline and the crythrocytles
therchy serving as the ccll control wells, This was to :mice
ageinst any uon-spcecific henmagglutinating reactions that it
core frou the wuon ¢y erythrocytes. The test was run in iripliccotes,
The negntive control antigen was treated the same way, and test
was incubatcd at 37°C for one hour.

Lfter one hour incubation periosd, the antigen titer w .s read
by pattern wctlhvd. The highest titer of the antigen istalwn as
one Hemagglutinciion unit (1H. unit). Vhen this 1L urit is
multiplied by L, a LiL. unit is obtained which is thc ¢ilation of
antigen to be nscd in the test proper,

Conduction of the H.I Test,

Henagglutination Inhibition Test, the test of cheicc in this
investigation was said to be the most sensitive and accurnic
method in reasuring the hunoral antibody to neasles viims (unierse
Ruckle, 1965),

In conducting the LI test, 11 wells werc usca for each test
serui: and the 12th well was used for serun control, Tiws cach

test serw. wos diluted fron 1:4 to 1:4096,
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With o nicro=dropper pipette (Titertek), 0,025 nl of siciile
saline was dropued into each well {starting from well mule: 2) of
the ccnical irierotitration rmlti-well plates, Then 0,04 il of the
treated scrun (absorbed serun of 1:lk dilution) was Jdroppe” in ihe
first wll, and 0,025 wl of the same serun was also diopned into
the last (12t1, w.1ll which a2lreedy contained 0,025 -1 of sclinc,

Using o dcrodilutcr (Titer Tock) 0.025 ml of trc 1:) trented
seru: was tronsierred Iron the first well into the sceond will,
mixed thoroughly, and transfer and nixing continued in Lhe doubl-
ing fashion until the lost transfer froi the 11th well wns Jige-
carded., TIhis process was carried out for each of the tusl scra
including both the positive and ncgative control sern.

The L. antigen in 0,025 1l volune was added to =11 tho wells
except the last wcll which is the serun control wil, cxl the (dixe
tures were incubated foxr 1 hr at roon tenperaturc. 1Thie allowed the
antigen anc the entibody enough tive to recet. Durin ials period
of antigen-entibody renction, one per cent (%) ionkey cr-tiiocytes
was rade fror the 507 stock kept in the refrigerater. . lter the
one hour pcriod, 0,025 nl of the prepored 18 monkey erytrocytes
was added to coeh of the wells including well number 12 which

served as uli: perun control.
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Thus all tiic wells except the last, containcd cuit —-aptii one
ccll mixturc whilc ihe last well contained only serwi-ccll cixture,

The miztures were then incubated at 37°C for one hour alter
which the titers werc read using an illunirating oirror,

The highest ¢iluticn of a serun which gave well-setile! red
bleod cells (i.ue inhibition of hemagglutination) was taicn os the
titer of the semun, iny suall degree of hemagglution wos token as
lack of inhibilion. Both positive and negntive control sira were
run each tiwe IL.J test was perforned. Jdntigen control olso was
always run sc 2. to check and make sure that LH. units v being
used for the test. Cecll control was also carricd ou%, iu checl
whether the c.lls werc frec of nonspecific hemag lutinin, 'The
gerun control was nlso included to meke sure that it was pronerly

absorbed and all the uonspecific hunagglutinins were re oved,



RESULTS



Figure 1 is the legend showing tlie areas covered
by the survey. The dotted points .., are the
locations of the primary schools where specimen

were collected.



MA? OF KADUNA STATF SHOWING ARFAS COVERED
BY THE SURVEY




Tables I and 1. were obinined frou the Epidemiological suetion of
Faduna Stote ..dnisicy of HealtIh and they show the arcns covercd by
the routine voceirction canpaign earried osut in  sdun~ stcic. 'Mable
II revezls the yeors such canpaigne were carried out, nf Wl 1age
bver of chiliren vaccinated by either the mobile tecire o the
stetic teris, D “wbile teams are those who move fror. once nlace
to the cther while the static teans are those wiw are 1nivl;y in
the Hospitals aud lHealth Centres and carry on vaceincti-u cvery
year,

The arcas coverxwd by this survey which arc ligted in 7 ble I
are Zarir, 1'mro and aduna,

Table I further shows the Loeal Covermrent areas ané the towns
#nd villages covered by this survey, as well as the 1ouihe beiween
February, 1976 to ..ovenber, 1977 when 1288 vaccination was crrried

out and the rnurber of pusple vaccinated,



Table T

S 0P 5Y DISTRICT V..CCINPION PROGRALGE I

ili7. BTG FROL 1976 = 19772

Nare of District vionth of Vaccination| Totael the Loy of
chilorenr vrceina-
S S S — — te\; e E L e  ———

Rind Distrlut-_._"..;t. sir. i ' MEBt 1_271___ ____________J.T_;‘/‘,}B
Nuwm bexr 1977 — L6

I'sagero D_m'i;. latsina
F -~ 1 . S ye o
ailsina ;:r.»vu.;b(_:. 1977 a2 85T ...

i)

el |

Lis t_

!n—

Kaduna 4 February 1976 27,658 o
liani District = kotisina | May 1976 I v 5 1 P
Chawai District = Zaria | liarch 1976 o de53s
Bindawa “ « latsina l iay 1976 9k
Ikera Disirict = % .r- 1iugust 1976 —oBa125
Maghi District - ‘atsir +cntenbr_r 1976 L _.9.930 ..
lkara Distr.ct = 7 Tavenber 1976 3,705 .
lakarfi - _____-4__‘:_’;'-'-.1_1.'}'__ February 1977 1,333 . .. .
Kadune V/Savlii im ___lerch 1577 . S —
Kubau Dist. - 4ovia  _ |.pril 1977 2,105 ..
Earvu Dist, = soria ___ﬁiuvrch 1977 _te,ne
Jibia Dist. - latsina l, pril 1977 _ 10,602 _

o ——

e ——

The ehove programse was carriced out by the robillc

vaceinztion tesus of this unit as waintenonco

plitue

Veccinotion Canpaign in Suallpox eradicntion and

easler Control. 2/2/?8

n = Target Groups S uonths « 5 years,
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Fron the statisticel data (Tables I and II), obiniiw’ " the
Lipideninloicel Unit of the uinistry of lealth, Haduvm L, Lo, i%
was possible to ‘roup the areas covercd by this survey ints Hvc.
Group 1 = Tho leecnl pevernnont arens vhere luimnizaticn cripolimms

were co:ricd cut,
Group 2 - Wi lcenl sovermeent arcas wherce thers woo ne rcond of
i runization caupaim.

Ther.{ ¢ cine cuuld zesue that the grecter percent..c of the
population i the oreas vhere the immunization ecopoiim hod boen
carried cvi world hiove buen vaccinated against rezsle- in.cction,
thus, should hove Ligh ontibody levels.

On the other hand the level ~f antibodies to menslis ghismld be
low or nonecxistence in those arens where therc hod bec @ no irpnumie-
zation canpeigus, JLltheurh in these arecs high level o ruiiibeodies
cculd be recourced which could be as o result of subeclinici] inue-
fection., “Mercf.re, the arcens under group one arce riferrcd %o as
the "Vaccinaoiced ..recs”, while the areas under ;roun twe ore

referred to as the ~unvrcecinated zreas® in this poper.
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Ddsmminction of th, differ:ne s in the 1.vol of homag-
o Slutinetion inkibition owtibody tit rw bhotw an tho :
' onildr.n from thy vacoinatd arecu ad thog, from the
unvaecinat & ars.

Let (Ho} represonts our Null hypothesis that there is no signifia-
cant diffvrvence in the level of:antibhdy-between the'vaccinaﬁed_:
and unvaceinaced pupils

A and

(;i} rbpf05cnt our alternative hypoihesis that {hcre is a
significant difference, that ig, the pupils in vaceinnibcd areas

Sn

have hizher antibody level than the pupils in unvaccinac.d areéé;
The Tests
Hann='Thitnsy and T~tests werce used for the statisticrl cnclysis of
the data (Conover VWJ. 1971). Manm-Whitney (1) test is o non-
parazetric lest that ldoes not requirve the daic to econloxr.: to any
particular type of distribution. The Twtest is us.d o test for
the differcnee butworn two neans. IT1 should also he ucvied here
that t-distribution tonds to normality when the semple pize is
large. | | | | |
Therelfore, those two tests have thus telien corc of il ine-

quality in the sazple sizes seen in the data (Table 111,
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Table IIL

Lverage Diters of Hemagglutination Inhibition

nge i Sanple aizes

antibodics Tn Fach sge Group.

PRLY R

...........

Irs . (No, of iupils}
)

11

16221
i e e

N
s L %
7 110
8 30
9 ‘ &0
10 81
.
12 l 3
13 50
w3
5 13

-

b

i

|

e B

Gross Total of Sample

average titer = 120,08

o=

| i

S, = variance

1

3, - variance

LA . W

659

e T = R b A e ke

Unvaccinated .irea

R L A B R Y3

Averase Titer = 19,3

: iV. Titer{ Sanple sizes Ave Titen
%y . (Wo. of Pupils) g
112,6 128 52,2
88.1 111 HGe3
k.2 89 43.3
126.5‘ 83 h3.3
83.3 68 68,5
.166.8 51 L7,0
16L.4 97 5.

9.7 86 604
83.1 g 68 _g 3.7
138.0 17 ‘ 3648

42,7 E 22 j Ated
size Gross Total of gauple gime

= 820' t

L

of' uean of titer in vaccinated areca = 38.23

of eon of titer in unvaccinated area - 11,71



The test scotistics is:

Hi=mngn,+ nng+ 12 - R,

Where n, end u, are the sizes of the two samplus [nr veccinated
and unvoecinticod areas) respeetivelys and R, is the an o the
ranks assirned to the values of the first sample (any of the sonples

could be Lie first).

To ecalculnte for 11

The ¢nin (everage titers in both areas) in toble 171 were
ranked jointly as if they were one saple in incresgin - orler of
megnitude thuss
Ranking,

31,1 34.7 36.9 L42.7 43.3 L3.9 L6.3
u u u v u u u
1 2 3 L 5 6 7
47.0 S51.4 52,2 604 68.9 83.3 88.1 89.1
u u n u u v v v
8 9 10 1 12 13 1 15
112.6 114.2 126.5 138.0 149.7 164,.); 166.8
v v v v v v v

16 17 14 19 20 21 22



L

of ranks for u

-
" of rovis for v=179

u = Unvcceinsied aren

v = Vaccinated ared

1 =« 22 2re the ranlks,
Ry = Th

112

fl

179

= n, n, nT(n1 + 1)
2

o = 11 x 114 11(12) =
2

= 187 = 7l
lf = 113
62 = Ny nz(n1 + 0, 1)
R 12

= 231.92
Jr = 15.23
u = '1 x. 11

- 13-

Th



= 121
2
= 60.5

= 113 = 0.5
15.23
Z = 3-’-&5
7 = variance of m

¥
B = nean of n

Z = standerdized normal distribution

Results
- - o i
l/-
>
- b

/ .
‘ /‘-;U L7 s

—— ’ '- -

i AT A, 1L

Yormal Distribution Curve



- T5 =

The abbeve curve represents the normal distribution erxve, 4ot
level of simificance ~ = 0,05

ZT = 4 t:.bulated = 1'611

Z % calculated fron the data (Table III) = 3.i5

o =

The shnded area is area of rejection that is, if any value
falls within this crea, it should be rejected.

Therefore,

since the 4=-calculated, the value of which is 3,45 fnlls within
the rejcction area, the null hypothesis (Ho) in this cosc is re=-
Jeeted and (H1) the alternative hypothesis is accepicd.
This neans that there is a grent significance betwcen the

vaccinctod and unvaccincted area in terns of the level ol henagglue

tination inhiviticn antibodies.
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Problem (2) = To test if there is any significant difference in
each age group between the vacecinated and the un-
vaccinated areas.

The test statistics is:-

t - test
) 2
o 3 —52 = = B8y + WoB5 o vardance of differsnce between
H, + XN
1 2 -
X4 and X0 (for larpze sample sizes)
where N1 = sample aize for vaeccinated area

H2 = panple gige for unvaccinated srea
S? = variance of mean of titer in vaccinated area =

1
ﬁ} ¥ (x

2 : . o S :
ip = varince o7 mean o’ titer in unvaccinated area =

-5)% =1 p(112.6120.8)% 1 (88.1-120.8)% +.....

i1 h1

‘ - \2
I, £ (x;,-%,)

where H1. H2 = no of age groups = 11

Using this formular, let's calculate t for age C year

where
S, = 38.23
S, = 11.11
02 _ 92(38.23)% 4+ 128(11,11)°
92 + 128
= 683,0

264,13

Q
i



Table IV
Statisticol analysis using t=test showing the sifpniiiciut difference
in the ope groups buetween the vaccinated and the wavoccincted areas,

at - = 0,05 level of significence

A b ———————

Afe groups Calculated Tobul~ted %

(t,) )

6 2,31 1,605

7 ' 1.9 1.6L5

8 | 7eb6 G5

g | 3.18 14645

10 E 0,49 1.6L¢

11 Lo 1l 1.64%
12 h.05 1,645
13 3.60 ' 1.645
1 2,30 : 1,045
15 3.01 1,71
.16-—21 0.69 _ 1.7

!

Ll R N S h M R A rmer v s ———
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On the other hand

at & = 0,05

12 tc> tT
the alternative hypothesis (121) is accepted and the null hypothe-
gis (Ho) is rejected, Thiao is to say that in the age groupe the
pupils in vaccinated areas have higher antibody level than those
in the unvaccinated area,

Thus, exemining table IV except for ages 7, 10 and (16=21),
there is a great significant difference in all the age groups
between vaccinated and unvaccinated areas.

The Hemagrzlutination Inhibition test alao revealed in figures
IT, ITI and IV the significant difference between the vaccinated and
the unvaccinated areas. It could bhe noticed in figures II and TIIT
that even some areas which are groupzd under the unvaccinated area
seem to record high levels of antibody, this could he due to some

reasons whrich will be discussed later in the paper.



Legend to Figl_l"ﬁ II.

Figure 11 roprescnisg the percentrnge of pupils in each e | roup
in the diffirx ni loenl zovernuent areas with Hemagglutinalion
Inhibition antiiody titers of 1:16 and below. 1In this figww, it
will be obscrved that the low level of antibedy titers obiaiucd in
different age sroups of children vary from coumnity te coix nnity,
The best picture of possible high level of circulating cuesrluti=
nation Tnhibition a~ntibedy was obteined in Zeria local ovevmuent
area in alrmost all the age proupss This is followed by Hoduna.

In the resuaiuning lecal soverment arcas it will be obscrve? that
higher perccnl ¢ of pupils show low antibody levels, ..i077st the
age group of o years 1.7, 81.5° and B0.0/ of pupils witia anti-
body levels of 1:16 and below are recorded for Ikara, Swmiinanka 2nd

Jernaa Federotion respectively.
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Table V

vach Age Group in the

Local Governnent .reas Investigatcd

I aduna Zaria Tkara

6 1')203 1'?50?

Fur tua Leurinaka
Tlie1 18.9

T 30.5 121.2

60,0

35.3

35.7

L9.8

11 (3.2 220.4
12 166.9 179.4

13 34.2 187.0

14 62,0 102,14

1‘.]1.3 ;'r’!.)
102 3.5
137.5 37.3

15 3;'0{1 172.6

128.0 26.7

16=21 - 42,7
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Table V Cont'd

Zachia lrlurfashi B/Gwari J/“ ieretion

it T

6 30,4 8L.9 T72.0 P I

1 173 126.8 57.2 1242

8 1U.h 81‘00 9?.8 ."‘,.'i,‘

10 2"‘).1? 36.8 213.3 .3 .7

n 56.0 £3.3 41.0 1363

— e e S — - — e ————

12 L7 75.7 8L.5 2/ .

1[4 1 3.2 1!9.3 ﬂu() ra3
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LEEE nd to F I11
©e poge

Figure I1IT is 2o graphic comparison cf measles Hemny “uiinntion
Inhibition antibody lovels in all the nine local govern cit areas
per age group, 1t will be observed that the distribution of low
antiboedy level vary fron one locality to the cther., In so. e arcas
low level of antibodics are more pronounced in the low r o e groups
that is 2pes 6 and 7, therefore it appears as if low level of antie
bodies is glso observed in Ikara for age groups 6, 7, 9 cuc 10
wvhereas in the higlcr ege groups the antibody levels cre hiclie
The story is quite differcnt for ilalumfashi, in this locclity ege
groups 6 to 12 appear to have reasonably high level of an.ibodies
but age groups 13 and 1L show marked decline in antib.dy levcl
giving about J%. and 6l,. respectively of pupils with antiholy
level of 1:16 and bclow., However in Kachia and perticul~uly in
Jermaa Federction 2lvws: 2ll the age groups had low levels of ilenge-

gelutination Inhibition antibodies.



sverare femagrdutination Inhibition Antilody
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Table VI

Fiters In The fLiwe Groups.

e

e ¥ 4

! Vaccinabed area : Unvaceinated Lrca
£ 112.6 52,2
7 68,1 L&,3
8 15,2 43.9
9 126.5 L3.3
10 43.3 6849
1 166.8 L47.0
12 16h.h 5.4
13 1947 : 60.4
P B9 3L.7
15 13%.0 ) 36,9
16-202 L2.7 g 37,1
!

BB b s ———————

M Mima o ————
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Legend to figure IV,

Figure IV is o ;vaphic ropresentation of the avergye neaslcs
Henegglutinetion inhibition antibody titers of the pupils 4 {the
vaccinated and uvnvaccinated areas within the age groups, .t
will be observed i this figure that there cre significent
differences in the levels of measles antibodies betwe.n diwe
vaccinated and wnvacein ted areas, except for age groups 'f. 10

and 16 to 20 ycors.



CITOP. THIC EFFECT (CPE) ..SS..Y

Hicro-tigssue cultvic equipint

Sterile nlustic, disposable multi=well plates wivh covore
and 96 flal bottor: wells of Linbro IS=-FB=96=TC=76--003=05 | n.ro
Scientific Inc, subsidiary of Flow Leboratories, Inc. ':muwicn,

Conn, 06517, U... ..) were used for the nicro-ncutrnlization tests,

Sterile niercepipette !roppers (!licrotiter, Coolc lohoratory
Products, ilex.nd:ra, Virsinia U.S...) calibrated to delives 0,025 ml
were used to digpense diluent, culture nediun, culls ond scra
into wells,

Diluter cel hrated to adsort and deliver 0,025 nl {17 woatek
diluter 76-742-0? of low Leboratorics Inc. Harden Comne U3,
were uscd fov dilution of sera., They were nade of stainloss steel,
they can bc Doned te storilize,

Cells.

Vero cills used for the neutralization tests wexre obirined
froou Departicni i 1dercbiology, University of Readings, “'ritein
at passage lovel 150 nnd it was uscd as such.

Virus

The nmeasles virus strain in 2 lyophilized for wos »htidved

frori the Ii:unolory Unit, Depertient of liedieine, ..)h.U, lusnital

Zaria,



Tissue Culture ediw:

The grovth rcdivn uns Bagle's winirm esseniinl rodia + cone
teining 10 heat incctivated fetal calf seruu, 1.0g/lite: sodiun
bicarbonate sircphtonycin 100g/ml snd ncorycin 100g/rl.

Test liediun

Hicro-icet redin consisting of Eagle's minimu esscutizl
pediun with 9.1 - sociw. bicarbonate, 2% fetal cslf sivu ., 0.5
lretalbunin hyde-clysate and neonycin was used as dilueni oo ihe
virus and the sera.

Treatment of Sera,

The scre were inactivated by heating at 560{: for 30 duactes.
iy The Meutralization Test (ilicro-uethod). Sone sera wit: heueg
lutination Inhibition titers of 1:L, 1:16 and zerc were s loicted,
inactivated ond uscd neat for the neutralization test,

The neat sciun was added in to each of 3 = well L 2 0,025 pl
volune, and 0,025 1l of 10'9 tissue culturc infective dcsc [J0ID)
of the challenge vims was added., The uicroe-plate contiiniing the
virus serwi nixture was sezled and incubated at 36':'0 for 1hr.
Then 0,05 =1 of 20,000 vers ecclls diluted in the growth “ediwt

was added and then senled (Kalus et ale 1975), The test v'as incu-

bated at 3672 for 7 drys and reading was taken cvery der.



Be Two=fol! scrin! dilution of 0.025 nl of seruw: mo'm “c ove 18
1024 titer iu the boupgslutination inhibition test wns - wlo by
diluter trowpsicr in wiolls containing 0,025 pl of the dilucut, The
challenge = viius suvspended in the test mediwn in & cone ni . vion
to give 10"9 1010 was added to each well in 0,025 0l welu oo he
test was then inenbated at 3¢°C for thr, and 0.05 11 of 20,000
vero cclls weiv: added, The ridcro=plate was scaled ane inevicted
at 3606 fer a period of 7 days during which period deil s rendlings
were takcn, Cells ~nd virus ceontrols were also corried &'ci with

the tests wud ~11 observelions were recorded,



RESULTS OF THE

NEUTRALIZATION TEST
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Legend to figures V to VII.

Figureg V to V1l show the neutralization effect which vorious level
of antibodies have on the measles virus, In the firureo nictures
a,b,e and & were taken after 18hrs, L2hrs, T2hrs, and 27 a5 rese
pectively alter vairus inncculation, Althourh the tes.: wer: read
for seven dry3, the inportant thing to note in ¢aeh ficvve is the
time it took nx CL to develop despite the prescnce of tie anti-
bodies,

In the nwegence of hemagglutination innibition antilody of
1:l4 (fizure V) slicht CPE was evident after abomt L2hrs nd “wcame
more promincnt as the period of incubation was prelonsed, I the
prescnce of 11 antiucdy of 1216 {figure V1), the virus woe 'ent
in check for 2 period of T72hrs after which cytopathic of fcet became

evident as scen in fimure VI (d). However a very provac.cod CPR

measurable honog lviination inhibition antibody (fiuee Y70, If
the picturees seen in fimre Vil is eompared with tiw viics control
(figure VIII, it will be seen that there is no differcuce I ween
the two, since therc was no antibody in the serurm which oould
neutralize the virus,

In swwary the picturcs revealed that 1:4 Il antibody level
would preveni tli viral replicatien for about L2hrs while 1 16
level would provent replieation for at least T2hrs, in on in vitro

situation,



72 hours

.of with
Neutralization effect of Measles virus in the presence.of serum
HI titer of 1:l.
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Legend to Figure V

Figure V shows neutralization reaction when neat serw witih icasles
Henagglutination inhibition antibody titer of 1:4 is used. It will
bc observed that figure Vb which represents the reaction wi about
L2hrs after incoulotion of the vero cells with live viruses sious
a slight CPx. .iter 72hrs about TH4 of the cells were invelved in
CPE formation (fijure Ve while there was complete (i ot liwut
96hrs after the lioculation of the live measles virus (fimvre Vd,.
Thercfore it can be postulated that if this type of . lucess
which occurs in vi‘ro repeats itself in vivo, antibody levcl of
1.4 would not b encugh te neutralize the virus, completely,it
could probably only prevent virus replication for sone hrs, -~lter

which it nay bc pessible for the neasles virus to infecu i

appropriate c:1lls and mltiply.



Neutralization effect of Measles virus in the presence.of serum with
HI titer of 1:l,
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Ligend te Fipure yi

In figure Vi C... ¢id nwob start until about 96 hours aric & ivoculse
tion of the veze ¢ ils with live rwosles virus (firvre V2 . Yhis
figure reveclad that - ciamglutination Inhibition antihaoy tilcr

of 1:16 coull proviont virel veplication for cbeut 3 days.



72 hours 96 hours

Neutralization effect of measles virus on serum with no detectable
Hemagglutination Inhibition (HI) antibodies.



The virus control at various stages.
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Legerd to figure 1X.

. e ll control, ‘The ecll control wolls e

cout the period of the experiment., Viinaes |

i1 will be nbserved that apart fro.: the c il
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icture (d) there is no sigm of cytoust.
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1y hours

| 96 hours

The Cell Control at various stages.
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Iegend to figures X-XVIII

Figures X to XVIII show the complete neutralization test on a
selected serum which has measles Hemagglutination Inhibition
antibody titer of 1:1024, These figures also revealed the foct
that the Hemag: lutination Inhibition and Virus Neutralizatio:
tests correlate very well,

In the virus neutrnlization test there was completec neuira-
lization of the virus from weil number 1 to 6. CPE is observed
after 120 hours in well number 7 which contained antibodr dilution
of 1:256 and after 96 hours in well number B containing antibodies
dilution of 1:512 while the last dilution of 1:1024 showed CI'L at

LO hours after innoculation with the virus.
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120 hours

72 hours

Well number 1 containing antibodies diluted out te 1:lie
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96 hours

120 hours

48 hours

144 hours

72 hours

Well number 2 eontaining antibedies diluted eut te 1:8.



72 hours

144 hours



Pigure XIII

L8 hours - 120 hours

-

1LY hours
Well number L containing antibodies diluted out to 1:32.




2Ly hours

72 hours 1L, hours

Well number 5 containing antibodies diluted out to 1:6l.



96 hours

2 hour
7 8 14y hours

Well number 6 containing antibodies diluted out to 1:128,



72 hours e T

Well number 7 containing antibodieg diluted out to 14 256,



120 hours




120 hours

1Lk hours
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LISCUSSION

In ncasles infection c¢irculating antibodicc ave detected 10
to 1 doys alter infection, that is to say wheua 'he vash appears
or shortly therealter (Bech, 1959), and the antiboly oiter reaches
saxira: by the tive the exanthemn disappears. .utivel titers
(noutralising, coiplemen: fixing, nnd hemo gluiic~iiz. inhibiting)
rernain high following infection, and it is thou bt L0t Lizunity
associnivd with the prescnce and level of these aniiwdice often
persists for 2 life tire (Krugan et al, 1965), i is . course
to bte rerer hured that meesles re-infection in childou o 2 probo-
bility iv this ecowrunity, although the proof oand tiw ¢ tent of the
proble nre still to be docwiented,

In mowoys, re-infection ean be produced 3 te 6 rworths after
a prim ry inliction although clinical discasce does not appenr to
€nsui,

rorley et 2l (1963) writings on their cxporicace in 1lcsha,
statel tiat clinical and epideniclogical charccteris.ics of neasles
in West .. frica tod y are quite unlike experience ol .oc disease in
Englona.  They sugrested that the pettern of the Jiscnse in West
wfrice resesble clouscly neasles as seen in inglande Lofere the 20th
century, The infornatiorn now available in the 1iicrivac nnd the
diseasc potterm and intensity highlights the noe 0 foar concemted

research effort on the problen,.
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Measles antibodies do persist up to eight years after a single
immunization (Lepow et al, 1969 and McCrumb et al, 1962). The
correlation between vaccine~inmduced antibodies and protection against
clinical disease is well established (Katz et al, 1960 3 Stokes et al,
1961; McCrumb et al, 1962 and Weibel et al, 1962),

However, reinfection of previously vaccinated children have been
reported by many researchers (lemman et al, 1971; Baratta et al, 1970;
Linnemann et al, 1972; 1973; Weiner et al, 1977; and Wyll et al, 1971),
Athough the reinfection was partly attributed to wvaccine failure it
could also be due to vaccination of children at early age because
maternal amtibodies may persist amd interfere with immune response to
virus vaccine (Lerman et al, 1971 and Reyrolds et al, 1972),

It hag been shown that some of the vaccines used in this area
may not be immunogenic enough to induce antibody fomation
(Eghafona 1978), However, this study shows that there is a signi-
ficant difference in hemagslutination inhibition antibody levels
between the vaccinated and the unvaccinated areas thus suggesting
that some of the vaccines used during mass immunigation campaigns
might have been used in a potent form thereby gave rise to the
high level of hemagglutination inhibition antibodies observed in the

vaccinated areas,
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The vaccinated nreas consist of Zaria and "a awe, e most
thickly poulnricd urban tewns in the areas surveyol, “ho oge cone-
perison date (table JIX) shows that in vaceincicd nwerg antibody
levcl is rclotively high in 211 ages except for . i3 7, 10 and
16«20 vhere therc is no significant differcnec in ho rsglutination
inhibition antibody level between the two arcas,

The possibility of ¢fficient public health scrvic.s in Kaduna
and Zario in particular is scen in figurc II where ncoecntope of
pupils «ith hi_h level of hemagglutination inhibiliop ecirculating
antibody is :ruchk higher in 21l age groups than the rest of the
local jove rntwent arces, This picture is also timie . Fi ure TII
which shows the average titer in each age group in tie different
local govermicnt areas. In figure II and IIT it v’} 1o observed
that th. vulnerability to measles infuction in the . . icrent age
group of chiidren vary from one leeality to the otiv, if the
level of eireulniing hemagglutination inhiliticy ontilody is assuned
to reprusont sorc degree of protection against infic. ien, Further-
more our obs.ivation rocords that in ersc of o wide syncod neasles
epidenics in the areas studied, rore children of & yoorn of age
are likely to succw:b toe the infeetion esp.eciclly in 1l-wa, Saminanka
Kachia ond Jeuo'a Federation (sec fipure 1I), 21lthor o other age

groups .y 2lso be affevcted in an alam.ing nw bers po.ticulexly in



Jema's Pederction (sec table 111 and IV). Herc nymi Lic ascumption
in this statcauert is that the level of henngplucina i inhibition
and/cr in vitro neutralizotion antidudies can be roln'cl Lo protec=-
tion o st infcetion.

The iwrmnization record (teble IT) shows -t vac.ination of
childrcn agoinst 1easles infection in these arcas straicd in 1970,
and that ihe torget group (table 1) was sct ag fro: 5 waths to 5
years of ~geeo For the target sroup, the childrou wo werce 12 years
at the tine win the sanples for this work were eol welad 1ast have
benefitec¢ froo the irvunization canpaigne. Thosc v were from 13
years upworlis 2t the time of sfrple collection rmae linve cscaped
being veccinnt. d sirce in 1970 they were above the o linit set,

Thies sug eats that childranwho were 13 yeores i o) ave at the
tine of saiwle collection were never vaccinated, s’ © .« high level
of antibeilics rccorded in these age groups in vaceicuud orea
could Lc 28 ~ result of epideriies which righs o cceurred rach
rnore constantly ie these areus , or subelinicnl iri c¢ii.n which
rdight have affected this group. The coustancy of c¢pidfe:ies in
these thiclly populnted citics would certainly be .xo. Zhian that
in the rioaining creas where poeple live in  isecltbe. villages,
since ir the thickly populated arcas there arc :orc pusc. ptible

individucls present ot any siven time, Purthermore pince these
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cities e thickly pomulated, it can be postulcoi.d thou nure
peoplc 8 icny &8 are suscecptible would contact the iiucction dure-
ing: epide.ics,

Thus, since tho children in these arecs exp rirnec constant
epidenics thwn thosc in isclation vany wiho right hiwe . sezped the
clinical illncss pust have hoad their antibody level Tier.osed duc
to enmacstic reshomnse following earlicr elinieal ox svhelinieal
infeetion,

Thiz then sugrests that the high level of il «Cics recorded
for thesc crecs ..ight not have been as & result of woeeiantion
alonce There is no doubt thot villages in the uvnvoacniricted areas
do expericnce epidenics but the cemstancy cnd the vi.sor of suscep-
tible individuals at a given tine ray not he as Lish o2 that
found in the thickly peopulated arvag,

Furtherriore, if vaceination canpaign ngainst 1o les started
in soiw pruts of ¥Kaduna state in 1970 as Table 16 in eries, and
that as of 1970 at least in some parts of Ka'won st cl'ildrem
between L ronths end § years werce vaccinated, the loe . ol signi-
ficanl diifer:nece in henagglutination inhibition alibucy levels
in ape grouwns 7 years, 10 years and 16«21 yeors botw. o the
vaccinnted ond the uwnvaccinated areas can be interpr tod in several
ways. [irstly in 1977 when this survey was ecorricd cat it is

possible that only a sunll percentoge of the toicl Liile in the
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vaccinated arcas werc up to 5 months old at the time of Luunizae
tion campaiyn cnd therefore mejority of the children bowe. i 1970
were less than Tive uonths old at the time of mass imwmlizution
cempaim anc therefore werc not vaccinated,

Secondly it is also possible that the viral vaccinoes r.ocd
during the coopaign in 1970 had lost their petency, ane Gewcfore
the 1levels o1 hemagy . lutinaticn inhibition antibody obsezve! in the
vaccinated erens during this period represcnts an idention! situae-
tion as wibserved ir the unvaccinated arcas, henece the lwenngrlutina-
tion inhibition antibody in the two areas were almosl @ centienl,
or at least no statistical different levels of hemalutinniinn
inhibition wceosles antibodies were observed. Thirdly siaec the
table under refercuce did not specify the towns and ville es
where mass immunization campairms were carricd outl in 1970 -8 is
the czse in 1970, it is possille that we had infact iaves:ci ted
two identicelly uwnimmunized arens and assumed that one avun rue-
presente vaccinuted ayea, just because the data in 1977 shouwed that
this particulcs area was iiymnized whereas the 1970 coupai n uight
not have covered the arcas uniler reference.

Chilcdren in the age group of 10 years, must tnve Yoen abeut
three years cld &t the time of the first mass imrmunizotion compaign
in Kaduna staic and therefore the lack of differcitecs i U hemae=

gglutination inhibition antibody levels in this group cuvld be due
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to eitiwcr tint the areas we have called voceins.icl raves were not
infoet voccinated in 1970 and in subscquent yoars The lollowed,
or if the rase carpaimm in 1970 or in the yerrs thol (ollowed did
reach tlcse arens the nost probable reasen for tie 1 el of diffe-
rences in Lty lutination inhibition antilioly leveis could be
due to voecine foilure or vaceine impotency,

On tic other hand the pupils who were hetween 10 yoors and
21 yeors ne the tiie of our investisation, rmst hove  ocn between
9 years nnd 14 yecrs of age at the tiue of first i :umnizolion
campaiin in 1970, thercfore even if thesc wronps o) upils were
résident in the vaccinated arsas, they still wonld ke xen
rigsed thivughout the course of the iurunization covmci it because
they hrs! exceoded the target age ranse for irvmmizoe on at these
periods, Once can then casw« that like the swvwe o _sovps in the
unvacein tad arces, the levels of Hemagglutin~tin Zihisition
rntibudy observed in these groups can dbe 2s o wusuli of subelinical
or ecrlicer necsles infection, or infections by soiw ot wr viral
nrg:‘.nirs..{ s, shiring sirilor antigenic deterrinants,

I tissue culturc test clearly revenled the 1o 3 of tine
certnin levels of antitodies ean prevent raltiplientior of the

neesles virus,

The in vitre neutralizntion test of seruwa wilu wi~ glutination
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inhibition antiboly (HI) titer of 1:4 shows cytopcothic effect (CPR)
after chout 36 hours (I‘i{_mre. V) while serw: with 1.1. horogglutinoe
tion innibiticn antibody titer showed CPE the thixd dny after
viral irnocul:‘ion (figure VI). However thc semi: vith no detec=
toble 1'T cntibodies showed CPE buraly after 24 hours  fig. VII),

If Shis in vitro process could be equoted to whal oy happen

ivo, it svigests that during reasles infcction, oy child with

in
antibody levels of 1:4 or 1:16 would be able to keep the virus
replication under control for 36 hours or 3 days ruspectively,
after which virus rultiplication may start in the cusinee of corplete
in vivo ncutrelization and or secondary irsune respoiso,

Llthous s any oeasurcable henagclutinatian inhibitlion antibody
level was snbposcd to be indieative of irsmunity (Dhdcrs-iluckle
1965) it is not known to us that any work haes becn donc which could
presune to establish the peried it takes 2 subject Lo gtart anti-
body procuction after infeetion with veasles vires, Therefore we
could ouly ascuw ~s of now that if the appearance of rosh is
associntcd with appearance of antibodies (Bech, 199%,, the anti-
body levcl of 1zl and 1:16 ney not be enough durin:; on infection
to prevent viral dultiplieation. On the other hend iff :ntibody
producticn in neesles infuetion followe iLrrmnclogiecal priterns,

antibodv l.vecl of 1:16 could inhibit the vircl rmlti:l enation
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until the initiation of anaimestic response which usually leads
to the boostering of the antibgdy level aubaequently leading to
complete neutralization of the viruses. #

However, more work is required in this area so as to esta-
blish specifically the period of antibody production in measles
infection and shade more light in an in vivo situation as to the
lowest antibody level that will prevent reinfection in case of
measles epidemics, this is particularly very important since there
are many reports in the literature pointing to failures of active
imminization against measles in many parts of the world and in
Nigeria particul~arly Fabiyi and Tomori in 1973 reported an oute

break of measles disease in vaccinated children,
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It has beuen observed that neasles antibody level Jdecliiic with
tire (Dnss et =l. 19763 Yeager, 1976). The pictia 2 vved in
Helunfashi ‘Jigere III) showed a decline in antivoa; towel with
inereasing a-x, .Jlthou h ilelunifashi was gronscd »vew mvaccinated
area, there is o possilbility thot childron in tidis Lierl - overn=-
rent gren hrve good health carc, in this siv 11 tove ~orwoyed
therc is an 1 of Lhnadu Bello University Teachin; ' fwspitale.
Since it is o routine in the lospitzl to give apvvonrice. irsunie
zation tc children who attend their elinies at tic o vo rinte
tire, groater pereentege of the children in this villie. rust have
becn actively iizwaized before they recch school cov. The sane
story .vcg for Dirnin Gwari and Puntuag these towns rro the only
rojor towats in these loecal govurnient areas. The ccal ore srall
villages sorw of which could not be resched because il roods
lealing e whei are not notorable. Howover thesce v hove
hospitals which ecan enter for the sizll populntions,

In Joun'a Federction and Knchia local povermn vl oovos where
very lew level of entibodies were observed in 211 o . ‘Swups
(Fijure II =nd II1) the rost tempting interpretatin could be- as

g result of cither inalequate hezlth enre or lack of propuep health

educotion,
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Figure IV shows that measles vsccine could be relisble as a good
proventive measure as has been réported in the developed countries, the
periodic vaccine failures notwithetanding, Although there is an ample
evidence to show that 1t may not be unlikely thot some of the batches
of measles vaccines delivered to various public health units in Rigeriz
may have lost their potency and vherefore their antigenic values may be
in doubt, nevertheless there is enough scientific evidence as revesalod
by this study and other clinical studies reported earlier, the advan-
tages of vaccination campeign against measles in Nigeria outweighs the

disadvantgges arising mainly from cases of loss of potency {Eghafonse
1978) and outbreaks of measles in vaccinated children (Fabiyi and
Tomori, 197%), There are no doubts to the fact that with improving
thysical faeilities and good net woirk of rpeds as well as the avatla~
bility of improved measles vaccines that can stand higher temperatures
than was the case earlier, the sources of problems leading tc¢ the loss
of potency through temperature effects and bad haendling will be on

the decline with time, - . |
Our results also point to the need for active participation by
Nigerian scientists in quality control of biclogical matex;ials,
imported and locally produced, monitoring of the effactivelﬁass of such
biological preparations in use as well as survellance of the patterns
of epidemics, in eareas where such preperations have bpen prophylac~

tically used,
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