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1. INTRODXCTION

1.1. Background

Amid mounting concern over young children contracting measles before the
recommended age of immmization, there has been a search for a vaccine which
could protect children from six months of age or earlier. This paper esamines
the issues related to research into alternative measles vaccines.

Despite the availability of a safe and effective vaccine for 25 years,
measles renains an important paediatric health problem in the developing world,
causing over 1.5 million deaths each year. The prime reascn for this is the
failure to provide most children with meazles immanization. As of Octoker 1988,
measles immmization coverage in developing countries was only 53%. Since the
case-fatality rate is especially hich among young infants, it would be highly
desirable to immnize as early in life as possible. The vast majority of ‘
infants, howeveyr, are born with transplacantally acquired passive immunity which '
protects them from the ravages of early measles dizeasze, but also interferes
with live virus immmnization early in life. (See Hayden G,: EPT/RD/SB.WP4),

In establishing a recommended age for routime immunization, a compromise was
therefore reached by WHO (1) between the desire to immunize as early as possible
ard the desire to waximize the rate of seroresponse. For a specific population,
thig choice deperndes on two major factors: the rate of seroconversion among
infants at different ages and the risks of measles exposure and illness at these
same ages. WHO has recommended measles immnization as scon as possible after
the age of 9 menths for most developing countries.

1.2. Delayed Impact e Mortality and Morbidity

Measles has been shown to have an effect on mortality and morbidity not only
in the period immediately after the acute infection, but also for a considerahle
period thereafier. The disease may therefore have a greater effect on mortality ‘
than was previously assumed. Unfortunately, there are very few studies
examining the impact of measles on later morbidity ard mortality. In many of
the studies the comparison between previous cases and controls iz associated
with serious methodological problems.

Hull wert back 3 amd 9 months after an cutbreak of measles in a village in
the Gambia to assess the impact of measles (2,3). This study indicated a highly
significant evcess risk of dying after acute infection among former measles
patients compared to commnity controls. Mortality was distributed throughout
the 8 montha of follow=up., The eveess mortality seemed to be particularly high
for the children who had contracted measles under ohe year of age. This is
conflrmed in a study from Nigeria, where Osagie (4) re-idemtified 106 cases of
measles and 106 controls who had visited a hospital clinic the previous year.
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The study found a strikingly higher mortality of 31.8% among the children who
had measles before one year of age compared, for example, with the mortality of
3.7% for ¢hildren who had not cortracted measles by their secord year of life.

In a demcgraphic follow-up study in Burkina Faso, children who had
contracted measles during an epidemic were visited every 4th month (5). fThe
study suggests an excess mortality for at least 4 months after measles amorg
¢hildren who had measles before two years of age.

Whereas differences in mortality during the first year after measles infec-
tion were cheerved in these studies, a study from Guinea-Bissau (6) reported
excess mortality in the followirm year as well (Table 1). Children who were not
immmized in the begimning of 1980 hecause they had had measles during the first
moniths of 1979 had a significantly higher mortality during 1280 (i.e. 10-21
menths after Infection) than the children of the same age group who were invaa-
nized in the beginning of 1980. Similar choervations of delayed excess mortali-
ty more than ohe year later were made during 1984 after an epidemic in the
rrevious year (7). '

TARIE 1.
MORTALITY 10 - 21 MONTHS AFTER MEASIES INFECTTON
COMPARED WITH COMMUNTTY CONTROIS TMMINTZED AGATNST MEASLES,
GUINFA-BISSAU (6)

Mortality during 1980

Age at Hiztory of Odds 95%
begirming of meazles in Controls Ratio Confidence

1880+* 1979 Tricerval
12 - 23 me. 6% (4/67) 1% (1/128) 8.1 1.2-53.2
24 - 35 mo. 6% (3/51) 2% (2/109) 3.3 0.6-17.6

* Mozt of the children had had meazles in March-April 1979 i.e. 8-9 month=s
earlier.

Several studies have examined delayed morbidity after measles infection.
Ehaskaram (8) followed for a pericd of 6 months, meazles cases and controls who
had never had measles. Those infants who had contrvacted measles had 10 times
more days of illness than centrols; the difference was particularly marked in
the first three months after measles.

The available data strengly suggest that previous measzles cases have a
significant excess morbidity and mortality compared with cammmity controls.
Studies to date suggest that the rizk of delayed mortality is particularly
increased for children who had measles before one year of age. Most studies
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have emphasized the pericd of 1 to 3 or 6 months after infection as the critical
one,  However, the possibility that the difference in risk may continue for an
even longer period has not besn sufficiently evaluated. The inferences to he
drawn from the above is that it is particdarly lmportant to prevent measles in
the first year of life, not only because of deaths averted in the acute phase
but al=o in subsecquent meonths.

1.3. ¥our Possible Strategies to Increase Protection of the Yourng

Implementation of measles Immmization at age 9 months has been succezsful
in many areas in reducing neasles morbidity ard mortality. In some areas, howav-
ey, measles morbidity and mortality among 6-9 month-old infants remain substan-
tial (9). In addition, many infarts drop out of the vaccine delivery system
between the time of completing DPT and polic immunizations at 4-6 menths of age
ard the time for scheduled measles immunizaticn at age 9 months., Markowitz (10)
described four ways in which the failure to adecuately protect infants with the
current vaccine might be overcome:

a) achieving a high enough vaccine coverage =0 that herd immmity of the
elder children will protect the younger cones,

b) using serocorversicn studies to determine the youngest possible age at
which vaccine can be administered in a given population,

c¢) a two dose strategy,

d) overcoming the problem of residual maternal antibedies by a different
strain of vaccine or different route of administration.

¥While a) has been successful in somws countries, medium to high coverage
levels have had less impact than had been hoped in preventing outbreaks of
measles and in protecting the very young from measles in high population density
areas.

Although some countries have attempted b), the age of administraticn has not
been reduced to as low as six months, thereby leaving some susceptible children
still unprotected., The remaining strategies, namely the use of alternative
vaccine strains and a two dose regime will be discussed in more detail.

‘J
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2. CHARACTERTSTICS OF MEASTES VA(XTTNE STRATNS
2.1. Six Strains

a2 nuber of measles vaccine strains are presently in use throughout the
world. This paper will concentrate on those strains which are presently under
conzideration for use in children below nine months of age, or which are useful
as benchmarks. These include four strains derived from the BEdmonston strain,
including the Schwarz and Moraten strains in use in much of the Western world,
the AIK-C strain from Japan, and the Ednonston-Zagreb (E-2) strains from
Yugoslavia. Also considered are the Ieningrad~16 strain from the USSR and the
CAM-70 strain frem Japen, which are separate isclates derived by a rumber of
passages. A schematic history of these passages is given in Teble 2, and a
summary ©f the Edmonston attenuations can be found in reference (11).

2.2. Method of Attermation

Five of these six strains, Schwarz, Moraten, AIK-C (12), leningrad-16 (14,
18), and CAM-70 (16), were attemuated by low tenperature passages, and three of
them were derived from placued izolates., The CAM-70 strain was derived from a
clone selected by plaque isclation from chick choric-allantolc membrane at 369,
then passaged eight times in chick embryo fibrcblasts at 26°. The E-Z strain
(13) was plagued three times, at the ninth, eleventh, and thirteenth passages in
human diploid WI-38 cells, selecting large plagues each time. The AIK-C strain
(12) was derived from a plagued isolate in sheep kidney cells adapted to 339,
and after readaptation to c¢hick embryo fibreblasts, a further clonal isolate was
used for vaccine production. Only in the development of the E-Z strain,
however, was the large plague type specifically selected.

2.3. Plague Morphology

The different straing have characteristic placues. This is reflected in the
fact that there is a difference in the plaque =ize of measles strain isolates
grown on Vero cells (17,20). Schwarz and Moraten strains have small pladues,
while E-Z forms large granular plagues. The ILeningrad-16 strain forms a
majority of large syncytial bordered plaques, as does the CAM-70 strzin (G.
Mann, personal commnication, 1988). Thus, three strains, E-Z, CAM-70, amd
Leningrad-16, share the characteristic of large plaque morphology on Vero
cells,

Tkic et al. (13) reported that the plagues of the E-Z vaccine in Hela cells
were large, with a mean plague size of 0.61 mm, and uniferm in size, while those
produced by the Schwarz strain were smaller, with a mean plague size of 0.49 mm,
and of variable size. 'Thus, in at least two cell types, the E-Z vaccine has
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TARIE 2.
ATTENUATICN HISTURY OF SOME MFASIES VACCINES

EIMONSTONS

HE/24
HA/28

HA/12 CE(i.am.)/6
Placue cloning CEF(37°C) /13
SK(33°C) /17
CEF(339Q) /12
Clonal isolate CEF(37°C) /1 CE(i.am.)/6
CEF(379C) /4
EIMONSTON A
ETMONSTON B
CEF (32°) /85
CEF (36°C) /17 WI-38(379C) /19
SCHVBRZ, CEF (32°C) /40 Plaqued 3% ‘

MORATEN ETMONSTCN-ZAGRERS

LENTNGRAD TSCOIATE

GPK(30-359C) /21
Japanese Quail/2

IENTNCGRAD-164, &

TANAEBE ISOIATE

ME/3

HEY/ 3

CE(i.am.)/90

CEM/35

Plague clonirg .
CEF (26°0) /8

cam-70%

Abbreviations: HE=haman kidney cell culture; HA=human amnion cell culture;
SK=sheep kidney cell culture; CE(i.am.)=chick embryo (intraamnictic cavity);
CEF=chick enbryo fibroblast cell eulture; WI-38=human dipleid cell line;
CPE=guinea pig kidney cell culture; Mde=monkey kidney cell culbure: CAM=chick
choricallantoic membrane. " /mmber" indicates the nmber of passages

Hirayama (11)
Makino (12)

Ikic (13)
Cordienko (14)
Smorodintsnev (15)
Okuno (16)

e L0 T
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shovm large and uniform plague size in contrast to the Schwarz strain which has
a smaller plague size.

2.4. Growth in Fuman Diploid Cells

The nupber of passages in huran dipleoid oells (HDC) required before
attaimment of optimal titers was studied by Wegmanrm et al (17). The Schware
strain showed increasing titers on passage, attaining a titer of 104-07 after
five passages, and 105:15 after 20 passages. Similarly, the CAM~70 strain
showed optimal titer (10%-0) only after 20 passages on human diploid cells,
while the leningrad-16 and ATK-C strains attained optimal titers (10%:0 ard
102-43, respectively) after five passages in human diploid cells. The E-Z
strain, having been already adapted to human cells, attained a titer of 105.85
on the first passage. Thug, the ease of adaptability to HDC for these five
gtraing decreases in the order F-Z > Leningrad-16 = AIK-C > Schwarz = CAM-70.

According to whittle et al. (22), the F-Z strain grows more raplidly than the
Schwarz strain on both Vero and MRC-5 cells., This may be an important point
when comercial aspects of production are considered.

A potentially important biclogical characteristic of the E-F vaccine has
been recently published (23). These imvestigators found significant quantities
of defective interfering (DI) particles in a preparaticon of E-Z virus, in
contrast to preparations of two other Fdmonston—derived strains (Schwarz and
Meyaten), Thers has been a great deal of speculation ag to the role of 0T
particles in attemuation, and it is important to evaluate the presence of DI
particles in the vaccine preparations in current use. Since the addition of DI
particles to a virus infection is known to be one mechanism for establishing a
persistent infection, vaccines should be free of DI particles i1f their presence
is not important to vaccine action. Moreover, the absence of DI's should allow
higher virus yields,

2.5. Potency Measurements

The WHO Requirements describe two alternative ways of determining the
potency of measles vaccine: by measurement of plague forming units (PFU) in Vero
cells, and by determination of tissue culture infective doses (TCIDgp), also in
Verc cells (24,25). However, the requirements do not specify in detail the
optimal methods of performing these tests, Comparative studies suggest that the
potency measurenents may vary depending on the method of determination
(Table 3).

For example, using equivalent conditions of virus adsorption (adsorption to
dilute cell suspension), Mann (20) found that 1 TCIDsp was equivalent to 0.60
FEU in tests on the Moraten strain in Vero ¢ellz., This relationship was
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equivalent to that theoretically expected (26). When comparing TCIDsg assays in
which the virus was adsorbed teo dilute cell suspensions to pladgie assay on
preformed monelayers, Femmy and Schell (27) reported that the placue assay
method was ten times more sensitive. Workers in Mexico (28) fournd a similar
cbservation for the Edmonston-Zagreb strain using similar assay systems.
Albrecht (29), using preformed monolayers for both TCIDgg and FFU tests, found
that the two methods gave similar values for Edmonston-Zagrel. He alzo found
that the TCIDsy method was more sensitive than PFU by about 0.4 logyg for the
Schwarz strain, These data are summarized in Table 3.

TARIE 3.
QOMPARTECN OF DIFFERENT METHODS OF FOTENCY DETERMINATICON

ADSORPTION METHOD®
VACCINE STRATN (FFU/TCID5q) PFU/TCID=q REFERENCE
NA THECRETTCAL 0.69 26 ‘
MOBATEN 5/8 0,50 31
SCHWARZ 1745 2.5 36
SCHWARZ, /8 10 27
ENVMONSTON-ZACRER B/P 1.0 36
ECMONSTON-ZACRER B/ 17 28
* P = virus adsorbed onto preforned monolayers

8 = virus adsorbed in dilute cell suspension

Bazed on the Poissonian distribution of virus particles among cells for the
TCIDsn as=ay (26), the theoretical ratic hetween these two as=ay methods, is
1:.69, There are many influences on the relationship between these two methods
for determination of vaccine potency, including the methed of adsorption of
virus; cell type and concentration used for the test; effect of ovarlay and ‘
stain in the plagueing method; design of the test; and influence of tissue
culture plates, media, terperature, and hnidity. According to Cooper (26), if
70 plagues can be counted per plate, cne plague culture is statietically
equivalent to 100 end-dilution hosts (e.q., microtiter wells). Therefore, as
the tests are generally performed, the PFU method is statistically more
accurate.

The differences and variability in the methods highlight the need for more
gtudies to determine the best way to measure potency. Consideration should be
given to expressing potency in terms of an Internatienal Standard Measles
Vaceine, Further details of thiz and other technical details can be found in
mpsearch on alternative measles vaccines: technical backoround and recommerrxled
format for reporting fleld trials", WHO/EPTI/CEN/88.12.
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Moreovel, since it is not nown how the growth characteristics of the
different measles virus vaccine strains differ relative to each other when grown
in different host cells, the cells used for assaying potency must be carefully
defined. Potency estimates should be related to clinical efficacy. One
possible interpretation of the results chbtained on dose dependence of
serocorversion in infants under 9 months of age is that the potency of the
Edmonston-Zagreb vaccine as deteymined in the typical Vero cell assay system is
greatly urderestimated,

2.6. Stability

WHO Recduirements (24) specify a thermal stability of a measles vaccine
preparaticon such that the potency does not decrease by more than 1 logyp afher
incubation of the unreconstituted veceine for one week at 37°. The performance
of a vaccine in this test may depend on the vaccine strain, stabilizer used, and
the freeze drying technicue. Some average titer losses on one week incubation
at 379 are given in Table 4. A study by Mamm et al. (31) found that vaccines

TABLE 4.
STAEIITTY: REPRESENTATIVE TTIRES OF VACCINE STRATNS
STRATN TITRE OF VACCINE TITRE 10SS
I0G TCIDsg 1 WEEK, 37° C
EDMONSTON-ZACRER, MEXICO 3.657 0.47-0,632
FOMONSTON-ZAGRER, YUGOSTAVIA 4,190 0.7 (11 days)©
CAM~70, BRAZTL. 4.304 0.594
SCHWARZ , UNICEF SUPPLIERS 3.774 0.24-0.424
SCHWARZ , BELGIUM, 1988 3.82¢ 0.028
SCHWARZ , BELGIUM, 1983 -T2 0.24%
ATK=C 3.704 1.0 (4 wecks)d

& -Persenal. commanication, Gustavo Kado Boll, Instituto Nacicnal de

Virologia, Mexico, 1588

-Porsconal commmication, Miroslav Beck, Imstitute of Immunology Zagreb,

1887

C —Tkic et al. (13)

d —personal comminication, Eduardo Chaves Leal, Instituto Nacional de
Qualidade em Saude, Brazil, 1988

® —Perscnal cammnication, P.E.lemoine, Institute d'Epidemiclogie et
Higiene, Brussels, 1938

T —amdre (30)

Y -Parsenal camminication, Akiyama, 1988
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able to pass this accelerated stability test (loss of less than 1 log on
imebation at 379 for 1 wesk) would be predicted to ke stable for cne year at
29C. This test was included in the WHO Rewnirements (25).

For the reasons mentioned above, determining the minimal dose reguired for
seroresponse depends on the method used to determine the adminiztered dose. The
definition of serorespconse, to be discussed in more detall below, is alse an
important conzideration in determining dose dependence, as well as duration of
immmity. With these caveats in mind, same information on the subject is
available. Makino (12) has reported that a dose of »100 TCIDsg of ATK-C vacgine
gave a 100% sercconversion rate in Japanese children eight months to eight years
of age. Ten year follow-up (11) shows contimiing protection from measles in
successfully imminized individuals. One study on the CAM-70 strain (32) showed
a minimim dose for 100% seroconversion of 2500 TCIDsg in children % months to 7
years of age. Follow-up studies (33) showed detectable antibody in all children
12 to 13 years after immunization. Persistence of immunity of the Lenirgrad-16
strein in the USSR has been demonstrated for 15 years (34) and in Yugoslavia,
the E-Z strain has been shown to give persisting immmnity for at least 16 years
(35). All these gtudies have been done in children without waternal antibody.

A mmber of studies on the E-Z strain suggest the dose dependence curve of
seroresponse is shifted to lower doses relative to the Schwarz strain in young
infants. Tt may be this phencmenon which enables the E-Z vaccine to overcome
the barrier of maternal antibody. Hewever, to date no studies have been
performed on duration or dose—dependence of long-texm immmnity in infants with
maternal antibody. Such studies will need to be done. Will the protection
afforded by immunization of very voung infants be as durable as that of older
infants and children? wWhat if the vaccine induces a very adecuate rate of
serocorversion at age & months but the geometric mean titers fall away over
time? Encouraging reports from the Gambia indicate that excellent titersz are
maintained for at least two years (22). Other preliminary reports are not =0
reassuring (M. Just, personal communication 1928).

3. SERDIOGTCAT RESULTS
3.1. Measurement of Serclogical Response

There are three serological tests in general use for measuring sercresponse
after measles immnization: the haemagglutination irhibitien test (HIL), the
plague reduction neutralization test (ERN), and the ELISA assay. Each of these
tests measures a different aspect of measles imminity, that is, antibody
response to measles haemagglutinin, infectivity, and viral components
respectively. Not unexpectedly, these tests all have different sensitivities.
According to Albrecht (personal commmication, 1988), the plague reduction
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nevtralization test is of such sensitivity that if sera are negative hy the
test, primary vaccine failuwre is indicated. This test is 60 times as sensitive
as the HT test. A comparison of the use of some of these tests has been
published (26).

Under =imilar conditions, the ELISA test is about as sensitive as the RN
test. However, one characteristic of the ELISA test is that maternal antibody
iz not well measured by this method. In addition, antibody titer as measured in
this way tends to increaze over time rather than reaching a plateau or dropping
glightly, perhaps because it measures existence of antibody to viral
mleccapsids and other non-infectious viral compenents as well az to infectious
viral particles.

Because of these differing sensitivities, serological data sheuld be re—
ported in comparison with data derived using the intermational standard mman
anti-zerim, However there will still be variability introduced by the times at
which sera are collected,

A =zecond problem in the measurement of serological response is that of the
definition of seropositivity. Same investigators have reported results which
defined sero-response as a change from no detectable antibody at the lowest
dilution u=ed {(usually 1:4) to detectable antibody in the post—immnization
specimen. Other investigators used a two-fold to four-fold rise from pre-imma-
nization levels. Yet others used sero-positivity with a cut-off point between
30 and 200 milli-international wnits (m.I.U.) to indicate protective levels of

antibody.

To date, the correlation between antibedy titer and protection is not com-
pbletely clear. Nor has the role of cell-mediated immmity in vaccine induced
protection been adeguately explored. Whether differvent measles vaccine strains
differ sufficiently in swrface determinants to be distimuishable in terms of
their ability to be neutralized by maternal antibody is ancther question which
deserves further study.

3.2, Campleted Serological Stadies

The eicht published studies of immmogenicity of E-Z measles vaccine (Table
5) have been reviewed by Markowitz and Bernier (10). Sabin, at al, gave E-Z and
Schwarz vaccine by aercscl administration to infants 4 to 6 months of age in an
attenpt to overcome interference from maternal antibody (18). When 20% of
infants sercconverted after receiving E-Z vaccine campared to 39% given Schwarz
vaccine, attention focuszed not only on the asroszol route ut alzo on the greater
immmogenicity of the E-Z strain. A subsequent study by Sabin, at al, with
subcutanecus administration of E-Z vaccine in 4 to 6 month olds showed an
overall rate of seroconversion of 84% at 14 weeks using ELISA and RN assays
(36).
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The high immunogenicity of E-Z2 vaccine in yourg infants has been
demonstrated in Yugoslavia by Beck, at al, and in the Gambia by Whittle.
(35,41,37). Beck fourxd a serccorversicn of 92% in 4 to 6 month olds and 100% in
6 to 12 manth olds using either subcutanecus or intranasal routes (35). Whittle
vzed aercsol, subottaneous and intradermal administration in 5 month olds to
cbtain a response rate of 82 to 100% (37). Both of these studies used a dosage
which wag much higher than that in the standard Schwarz vaccine (see Table 5).
Favorable results with subcutanecus administration and operational difficulties
with asrosel administration have resulted in subsequent research focusing on the
suboutaneous route of administration in young infants, However, in principle
other routes of administration (asroseol, intranasal, conjunctival) are shill of
interest to EPT.

A key question is the relative importance of dose and strain in achieving
seroconversion at an early age. Will the Schwarz and E-Z vaccines be equally
effective at high dosages? Three miblished studies have directly addressed
thiz cquestion.

1. A Mexican sty in 6 to 9 month old infants showed a higher
seroconversion rate for subcutanecus E-Z (100%) than for Schwarz (80%), even
though the Schwarz was given in a hidher dosage (38).

2. In Bangladesh, 4 to 7 month olds were found to have higher
sercconversion with E-Z follewing the subcutanecus route (62% vs 37%) using
standard dose preparations but not the aesrcsol route (35% vs 34%) (39).

3. In the Gawbia, subcutanecusly administered E-Z vaccine given at 10 000,
20 000 and 40 000 PFU resulted in hicher @I''s with higher doses (22). The
40 000 FFU dosage given subcutanecusly resulted in positive responses in all
infants and higher antibody levels than doses of 20 000 or 10 000 FFU. In
further trials, both E-Z ard Schwarz were given in the 40 000 TFU dosage. A
higher proporticn of the E-Z group respornded (26/39 vE 16/35).

Results from a clinical efficacy trial from Guinea-Bissau have recently been
published (40). High dose E-Z (40 000 PFU) was compared to standard dose
Schwarz (6 000 TCIDgp) in 558 children aged 4 months and older. In a two year
follow up, there were no cases diagnosed in the E-Z growp and 14 in the Schwarz
group; 9 of these cases occured in ¢hildren before 9 months of age. Thus the E-
7 vaccine provided significant protection against measles both before and after
the usual age of immunization.

These studies suggest that the E-Z strain can effectively protect infants
from measles at ages earlier then 9 menths. It is to be hoped that ongoing and
plarmed studies will continue to investigate the relative importance of strain
and doge effects.
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TAELE 5.
CRPLETED TMMUNCGENICTTY STUDTES OF EIMONSTON ZAGREB MEASIES VACCTNE (10).
Edmomston Zagreb Schwarz
Study + . |Age A/b Doze % Dose %
Lewsation mos. test (route) razponse (route) response
Sabin (18) |4-6 ™ 12000 FFU 20 12000 PFU 36-39
Menien ELISA {aerm=al)
Sabin (36) |4-6 FN 5000 PFU 84
Mewico ELISA (subcutanecus)
Beck (35) |4-6 HI 39800 TCIDsq 92
Yugoslavia (subcutanecus)
39800 TCIDgq 97
{intranasal)
Beck (41) 6-1 I, 25100 TCIDgg | 100
Yugoslavia (zboutaneous)
25100 TCID5q 100
{intranasal)
Whittle (37)| 5 BT 3500 FFU 88
Ganbia HI {(aero=ol)
7000 PFU o7
(aeromol)
39000 FFU 100
(suboutanecus)
11400 FFU 100
{intradermal)
de Castro 6= HT 1350 TCIDsn 100 6300 TCTIDsg BO
Mexico (38) (subcutanecus) (subcurtaneous)
Kharum {39) {4-7 HI 5000 TCIDsq 62 6300 TCIDsg 37
Bangladesh (subcutanecus) {=ubcutaneos)
5000 TCIDsq 35 5000 TCIDsg 34
{aeroecl) {aercsol)
whittle {22)| 5 T 20000 PFU 94-100 ; 20000 PEFC 76-88
Garbia HT {subcutaneous) {subcutansons)
40000 PrFU ico 40000 PFU - 7984
{subcutaneous) {subcutanecus)
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3.3. Comparability of Results

A simmary of the design of eight recent and ongoing studies of alternative
measles vaccines is presented in Toable 6. There are important differences in
the technicques used to measure response to the vaccine in the different studies.
Those which use a more conservative definition of response show a lower response
rate. The different measurement techniques (FIISA, HI, FRN) may not give
similar resulte. Scme studies use seroconversion as evidence of successful
immnization while others use a fourfold rise in titre. Such differences limit
the comparability of the studies,

2As already discussed, comparison iz complicated by variations in the potency
of the vaccines used, the method of testing for measles antibody, and the
criteria used to determine whether an individual had responded successfully to
immnizatien, The technical details of each issue have been raised in
preceding
paragraphe. Researchers are encouraged to follow the suggestions for bislegical
parameters and the protocol for their presentation ard reporting of results
(document. WHO/EFL/GEN/88.12)., Adherence to these recomendations will go a long
way to overcome the problems of comparability betiesn studies,

Another point in comparing responses is that every mamufacturer's product
mist be consideved a new biclogical product until proven equivalent to existing
products.  Thus, on the basis of experience with currently marketed Schwarz
strain vaccines, it is fair to consider them as one entity regardless of
marnfactirer. Most studies on the E-Z vaccine have been done on vaccine
produced in Yugoslavia, vhile Sabin's original studies (18) used the E-Z vaccine
produced in Mexico. Preliminary results have shown have shown slight
differences in seroresponse between the Mexican and Yugoslav products in the one
stidy where they were directly compared (L. Markowitz, personal communication).

3.4. Efficacy Shudies

Only two long term vaccine efficacy studies have been reported. In Guinea-
Bissau, 234 infants were immmized with E-Z vaccine at age 4 morths and there
have keen no cases of measles in this group., A compariscon group of 235 infants
given schwarz vaccine at nine months experienced 4 cases {(40). In a zimilar
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TARIE 6.
STUDTES OF ALTERMNAYIVE MEASIES VACQCINES, DOSACES AND SCHEDTIES, J988

Age in Serclogy
Site Strain mornths {assay)

Ganbia EZ-M 4 SE=100 miu
sC-8 9 (HT)

Guinea- EZ-M 4 N/A
8C-5 9

EZ-M,H & SP=400 miu
EZ-M,H BC=2¥ or
SC-M,H 6 - to +
SC-M,H (ELISA)

EZ-5,H

EZ-Mx, My

sC-8,M,H
Ez~8
5C~8

SC=2X or

- to + or
increaze in
titre

(FRN)

W o h

EZ-H SP>100 miu
SC-H (HI)
SC-8

EZ-H SP»20 nmiu or
SC-H SC - to +
KI-M (HI)

5C-S
KI-M

EZ-8M SC=dx or
50-5M - to +
(ELISA)

EZ-5M 57 SP>50 miu or
SC-5M 5=7 8C - to +
(ELIZA)

EZ=Edmonston~Zagreb, S5C=Schwarz, FI=ATE-C

F=High (log 5.5), ME=Medium-Hich (log 4.8), M=Medium (log 4.5),
sestandard-Medivm (log 3.8), S=Standard (log 3.5)
sSCgerocorversion, SPESeropositivity

Me=Produced in Mexico, My=Produced in Yugoslavia
Acknowledgement to Dr. R. Bernier, who campiled this table.
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study in the Ganbia, there was cone case in 119 infants who were immnized with
-7 at 4 months of age and 2 cases in 120 infants who received Schwarz at nine
months of age. In these c¢linical studies, E-Z vaccine given at 4 months gave a
response which was as good as or better than the Schwarz vaccine at nine
months.

4.0. PROOCTTICH AND LICENSING

There are several considerations a mamifacturer mst keep in mind espe-
cially for production of a vaccine which will be sold threugh international
tendering to United Nations agencies. These include the technical aspects of
production; the right to produce, distribute, and market a strain; national
licensing requirements in the country of marufacture; and reguirements of the
UNICEF tendey for those manufacturers supplying to UNICEF.

4.1. Technical Aspects of Productionm

If the change in the vaccine iz enly a change in the virus strain, the
mamifacharer's problem is to assure optimal conditions for virus growth, once
the virus seed has been tested and shown to meet existing requirements for
safety and efficacy. This may depend on the attenuation history of the vaccine
strain., For example, the ATE-C vaccine has heen derived by passage thiough
sheep kidney cells. Tt may be important in the use of this strain to
demonstrate freedom of the seed from adventitious agents found in sheep, for
example, lentiviruses,

If the change also involves a change in gell substrate, as, for example, a
change to the Edmonston-Zagreb strain produced in human diploid cells, then a
working cell bank must be established and tested, consistent with existing
requirements.

Other technical issues include consideration of optimal dose for clinical
efficacy, choice of stabilizer, and behavier of the product during
lyophilization. If the dose of vaccine reguired for clinical efficacy turns out
to be higher than that of vaccines now in routine production, loss of titer
during lyophilization and stability testing may be relatively more important.
The manufacturer mist alse have in place appropriate facilities and perscnnel
for all internal qualifty control testing necessary.

Because each of these procedures imvolves considerable espense, the manufac-
turer mast keep in mind the size of the projected market, Many countries in
which vaccines are presently produced do not have populations sufficiently high
to make vaceine manufacture cost-effective unless exportation of vaccines is
planned.
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4.2. Produrtion and Marketing Rights

There are in some cases legal constraints en the ability of a mamifacturer
to produce a vaccine using a certain vaceine strain and techrology. These
questicns must be clarified before a global policy is developed which may net be
realizable due to restrictions on marketing of vaccines.

4.3. Licensing Reguirements

Countries manufacturing vaccines have differing requirements. For examples,
gome countries may produce a vaccine for export which does net have to mest
raticnal requirements; others may not. WHO Requirements depend stromgly on the
rele of the national control authority in the country of mamufacture to cortify
the quality, safety, and efficacy of a vaccine. This would presuppose the need
for licensing in the country of mamufacture if the vaccine were to meet WHO
Requirements, unless this responsibility can be shifted to ancther natienal
control authority, This alternative is not in accord with the cwrrent procedure
(WEHO TRS 771, 1988).

If in the future a recamendation is made to use vaccine of certain charsc-
teristics in children under 9 wonths of age, each producer mist independently
show in ¢linical trials that the vaccine produced, at the dose used, gives the
degired clinieal efficacy. fThat is to szay, each mamifacturer's product must be
demonstrated to have the degired characteristics.

The current tender for measles vaccine supplied to UNICEF requires that each
lot of vaccine be accompanied by a certificate from the national control
authority of the mamufacturing country stating that the vaccine mests relevant
national and WHO Requirements. If a manufacturer produces a vaccine solely for
export, it is not clear at present how this requirement will be met. fThis
tender may also need to be modified to reflect the desired titer of an
alternative vaccine.

WHO Requirements also specify standards for vacecine stability which must be
wet.  The stability requirements (loss of titer of less than 1 logg after
incubation of the freeze-dried vaccine for 7 days at 379) may need to be re-
examined for use with vaccines that have up to 2 logyg higher titer than the
standard vaceines.

Bpecific stability and potency requirements which may be found necessary for
vaccines to be used in children under 9 monthz of age may be included as an
addendum to the UNICEF tender prior to, or in lieu of, changing WHO Requive-
merts. AL present, more than 100 millien doses of measles vaccine are supplied
to UNTCEF. This includes veccines of two types: the Schwarz or Schwarz-like
strains produced in chick enbryo ¢ells make up the larger proportion of vaccine
supplied, and about 5% of the total is E-Z vaccine prepared in HDC. The current
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WHO BRecuirements of potency and stability are the minimm requirements being met
at this time by the producers of these two vaccines.

5. TWO DOSE SCHEDULE

Since it became apparent in the 1960's that children were contracting mea-
sles before the recommended age of immunization, investigators have been trying
alternative strategies to prevent these cases. Some programmes tried giving a
first dose at six months and a second at 9 or 12 menths {43). 7This practice
virtually ceased when studies revealed that few children who had received a
firet doze prior to the age of nine months actually retwned for a second dose.

As programmes became more successful, cases in older children were
preverted, leaving cases ocourring before the age of nine months as an
increasing proportion of total cases and as an increasing concern. This has
rekindled interest in two dose schedules.

There have been two concerns with such scheduies, however. The major
concern has best programmatic: if the administration of a first dege of a
conventional measles vaccines at six months, when it has an efficacy of only
some 60%, is associated with lowering of the immnization coverage at 9 months,
when it has an efficacy of some 90%, one would expect to cheserve a zharp
increase in measles vaccine "failures" as well as increases in overall cases of
teasles. T repains the case that relatively few progranmes in developirg
countries have the resources to assure that the majority of children lmmnized
at six months will returm again at nine months, limiting the applicability of
two—dose schedules.

There has also been an lmmnological concern. Wilkins (44) and Black (45)
both suggested that an early dose of measles vaccine might blunt the immne
response to subsequent doses. The issue iz two-fold: are the lower antibody
titers produced in sero-converters at younger ages sufficient to provide durable
immmity, and, if not, are they able to be boosted by a second dose given later
in life, The issue of the duration of protection from lower antibedy titers
reguires further study, although chservations with the Edmonston-Zagreb vaccine
to date are reassuring. Krugman (46), Basg (47) and Shasby (48) all found
booster effects with a second dose. Most investigators now seem to feel that
the danger of blunting the immine response by providing an early dose of measles
vaccine is not a major concern (49).

Wnere vacaine coverage is high and a significant proportion of cases still
occurs before nine menths of age, a two dose schedule using conventional
vaccines may be attractive. BAttention has so far focused on a schedule using
standard dose Schwarz vaccine given at both six and nine menths. The key
question iz what percentage of infants must retwn for the second dose to make
the programme equally effective as a single dose programme at nine months?
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Indications from mathematical modelling are that this mmber may be ¢quite small.

More precise modelling and related field testing of a two doge schedule are
needed.

One assunption in discussing strategies for introduction of an altermative
vaccine at six wonths has been that any change would at this time be for the
purpose of controlling measles, not of eradicatirg it. Tt may be that at a
later date when glchal coverage is much higher, the izsue of a two dose schedule
will emerge, The benefits in this circomstance would not be in providing early
protection, but in increasing seroccnversion rates to the maseimam possible,

6. What studies are Needed Now

6.1. Safety

Alternative measles vaccines appears to be free of any adverse effects which
might prevent their widespread uge. Use in older children in several countries
is reassuring. Clearly any intreduction of these vaccines on a wider scale
should be accampanied by surveillance, but there is no reason to expect greater
numbers of adverse event to be reported than with the presently used vaceines.
Adverse events were not increased in eight field trials immunizing younger
children reported to a meeting in Washington, D.C., in October, 1983 sponsorad
Jointly by WHO and other international agencies

¥What is the molecular difference between the E-2 strain ard the current
measles strains which accounts for its better performance in immmizirg the
young child? If an explanation for this difference can be identified, it may be
possible to design a more imminogenic and safer vaccine.

The existence and possible role of DI particles in the clinieal action of
the alternative vaccines vaccine needs to be evaluated. Preparations of these
vaccine fram different manmfacturers, which are currently prepared using
different techniques, need to be thoroughly studied with respect to molecular
biclogical and clinical parameters. Moreover, this statement holds for any
measles virus vaccine: clinical and biolegical parameters determined for a
particular vaccine preparation do not necessarily apply to vaccine preparatiens
of that same strain from another production laboratory and must be independently
established for each product and production methoed.

Studies on the molecular biology of the altermative vaccine strains should
be encouraged. This might include the use of monoclenal antibodies and
sequencing of DNA complemertary to the gencmic RNA.

It is not yet clear what is the rate of uwmsual but zerious reactions to
alternative vaccines, such as (N8 illness (e.g., meningoencephalitis). Is this
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rate equivalent to that chserved with cother currently available strains? These
adverse reactions are =o uncemmon that they frequently escape detection even in
large field trials. The current measles vaccine given in the U.5. after 12
monthes has not been implicated as a cause of subacute sclerosing panencephalitis
(S5TF) . This complication of wild measles infection has so far only been
aszexiated with measles disease at an early age. At least on theoretical
grounds, it is important to maintain a careful watch for any evidence that E~Z
administration might be implicated with SSPE. However the complete sbsence of
SSPE following conventional measles vaccine iz strongly reassuring.

A careful system of post-marketing surveillance might be capable of detect-
ing rare adverse reacticns. Such a system may be feasible in industrialized
courtries, but may be difficult or impossible to establish in developing coun-
tries where imminization at early ages is most needed. Case-control
studies of rare adverse reactions represent another option for menitoring vac-
cine safety among very young infants.

In many of the field trials reported so far on adverse effects, the majority
of infants had maternal antibodies present at the time of imunizatien. It is
important to know whether adverse events ccmlrred more freguently in infants in
whom there were no maternal antibodies at the time of immunizatien, i.e. in
those individuals exposed to the full effect of vaccine virus without any
protection from existing circulating maternal antibodies. While there can be
confidence as to the overall safety of the alternative vaccines in the under
nine month old child, insufficient mmbers of infants have been followed to date
to be sure that rare events have not taken place. Studies of adverse events
should continue as more young children receive the vaccines.

studies are also needed which follow children who are HIV infected who are
immmnized at six months with high dose alternative vaccines. Trials of safety
and efficacy are needed in areas where HIV prevalence is high such as in parts
of Africa. However, there appears to be a balance in favor of the use of such
vaccines due to the earlier protection provided against measles in HIV infected
children who are likely to suffer drastic consequences from an attack of
measles,

6.3. Clinical Efficacy

Two vaccine efficacy studies have been performed, but the mmber of children
involved were small. More studies are clearly needed. Additional studies, par-
ticularly in urban areas where outbreaks of measles can be anticipated, would be
valuabhle.
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6.4. Duraticn of Tmmmity

It is not yet clear how long protection from alternative measles vaceines
will last. Will the protection afforded by immnization of very young infantg
be as durable as that of clder infants and children? %What if the vaccine
induces a very adequate rate of serccctiversion at age 6 months Itk the geometric
mean titers fall away over time. Encouraging reports from the Ganbia indicate
that excellent titers are maintained for at least two years (22). Other
prelininary reports are not go reassuring. Studies already under way may be
helpful in clarifying this issue when definitive results are published.

6.5. Doze of vacrire

While results so far indicate that E-Z amd ATK-C vaccines may both be
superior to Schwarz at six months, more work needs to be done in clarifyirg the
cptimal dose at this age., For example, there may be an advantage to using even
higher doses than those alveady tested, Additionally, the ability of
marufacturers to produce high or very high dose E~Z in a commercial situation is
not confirmed. High dose Schwarz vaccine has not been fully investigated,
including the possibility of growing the strain in another cell substrate.

Tt i= not yet clear what dose of alternative vaccine needs to be presented
in each vial in oxder for the child in the clinie to receive an immmizing dose.
Sub-optimal cold chain conditions are bound to degrade the vaccine to some
degree, It will be necessary to estimate the level of "over-kill" needed by
marmfacturers to ensure an adequate dose of live organisme is present in the
syringe at the time of immmization under normal field conditions.

6.6. Standardizaticn of Biological Parameters

Methods of determination of potency of measles vaccine for which clinical
efficacy or seroconversion studies are being performed must be standardized and
specified. Data should be aceumlated comparing sensitivity of different
titration systems for the different measles vaccine strains in crder to
determine the optimal system. Furthermore, thermal stability studies must be
done on alternative measles vaccine strains ard final formilations {includires
stabilizers) to insure that the accelerated degradation test specified in the
WHO Recuirements is applicable to these strains.

If a dese dependence for protection iz defined such that a hicher dese is
needed for use in infants under nmine months of age, the maximm titre needed
should ke included in the UNICEF tender and the WHO Requirements. These
requirements should alse define how this titre is to be determined amd
epresgsed. In the interim, investigators might usefully express measles vaccine
potency relative to the International Standard Measles Vaccine (see documert
WHO/EPT/GEN/88.12 for firther details).
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A controlled comparability study of different methods of reporting measles
positive sorology should be performed. Data linking these values to protection
against disease would be extremely useful. A necessary first step, however,
would be the acceptance of the internmational standard and international units as
a method of reporting serological data.

Further studies need to be done to distinguish infections with wild and
vaccine strains. Although an animal model (intracerebral inoculation of marmo-
sets) can potentially be used for this purpose, at present there is no reliable
bicchemical marker to distinguish between wild and attenuated measles virus.

6.7. Testing in Developing Countries

Now that some of the basic questions of safety and efficacy of the
alternative vaccines have been answered, programmes need to lock at its gradual
imtrodustion. ILarge urban areas might offer good testing grounds in developing
countries for this. Well documented acoounts of its introduction at six months
are reeded, identifying particular preblems encountersd and any beneficial or
other effects.

6.8. Cther Alternative Vacoinss

While the E-Z vacoine has attracted the most interest from researchers, it
is becoming cleaw, from limited information presented, that other strains are
potential candidates for use kefore nine months of age, These presently include
the CAM=70 strain, the ATE-C strain and the Leningrad-16 strain

6.9. Foute of Administration

tne of the first large trials of E-Z was in Mexico by Sabin et al (44).
Here, high dose E-Z was given intra-nasally. It was not clear at that time
vwhether the good results were due to a difference in the wvaceine strain or the
route of administration. It is now apparent that the strain is supericr, but it
is less certain whether intra-nasal adminiztration would provide additional
benefits to the already superior E-2 strain. Both intre-nasal and conjunctival
routes offer theoretically appealing alternatives to injection, as they provide
access to the mucous membranes in the same way that wild virus presumably enters
the body. In theory at least, this would allow replication of the vaccine virus
on the miccus membrane hefore circulating antibodies (i.e. passive maternal
antibodies) could interfere with viral replication. However, recent studies
have suggested that the rate of seroconversion isg higher with subcutanecus or
intramiscular administration than with aercsol delivery (38, 39). Degradation
of the vaccine virus bv enzymes in the conjunctival fluid is a potential
problem for the comjunctival route.
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The EPFI has a preference for vaccine administration which does net invelve
gkin puncture. Further investigation of these two routes of administration is
warranted. Having said this, however, it should be pointed out that the
problems to be overcome are considerable. Most field trials of intra—nasal
vaccine have been small and unable to cope with the difficulty of regulating the
dose of vaccine inhaled. Whether this would be poszible on a large scale is
questionable, One possible sclution might be large droplet aercscls using
asthmatic type irhalers.

Interest about the =ite of administration was provoked by results from
hepatitis B vaccine administration (50). When intamuscular injection was
attempted into the buttock, results were less effective than if attempted in the
arm. FPresumably =ome injections were ending up in the adipose tizsue of the
buttock and were having lesg effect than a true intremiscular injectien.

Scame experience with the intradermal route of administration has suggested
that it may be possible to use mmaller volumes of vaccine and that there may be
& lesser inhibitery effect of maternal antibedies using this route of adminis-
tration (48). Intradermal injection of vaceine is technically difficult in
infants, however.

Alternative routes and sites of administration (i.m. and s.c., intra-nasal
and conjunctival) should be considersd in an effort to maximize the effect of
the alternative vacrines.

6.10. Younger Ades

While most fleld trials have so far focused on alternative vaceines given at
six months, several trials involving children at yourger ages have produced
promising results., Studies are now indicated to examine the pozaibility of
administration of an alternative vaccine beginning as early as 14 weeks.

6.11. Diagncstic Tests

A test is needed which will readily differentiate between infection from a wild
virus and different vaccine strains,

7. QONCIUSION: COonsidevations for accephing an altsrmative vaccine.
Before a new vaccine strain is accepted for widespread use, it needs to be

asgessed in a way that will ensure provision of the best possible vaccine. One
system is provided below:
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7.1. Does it address a public health problem?

The alternative vaccines potentially solve the dilemma of children
developing measles hefore the age of immmnization. This has been a major
chstacle in providing effective immunization services to children in many
areas,

7.2. Is it safe?

The alternative vaccines have been as safe as the Schwarz vaccine in all
reports so far. Completed results from the ongoing field trials will be
analyzed for adverse reachtions.

7.3. Is it effective?

Two alternative vaccines at mediim and high strengths given at six months
have been shown to be at least as good as Schwarz given at nine months.

7-4. XI= it heat-=table?

Linited data suggest that alternative vaccines are as stable as the Schwarz
strain,

7.5, Can it be produced?

While lower dose E~Z can be produced by most manufacturers who have tried,
there is still =sone concern about whether high titre vaccines can be
produced at a similar cost to those in current use.

7.6. Is it affordable?

Mamifacturers are not yet committing themselves about the change in price
that might occour if a switch is made to producing an alternative vaccine.
There are some significant differences between production in primary chick
embryos and human dipleid c¢ells from a cell bank, but it may be that the
difference in cost of the final product will be minimal., Many experts
ortside industry feel that there iz very little difference in the method of
production, and therefore there should be little or ne increase in cost.
However, if a high dose is needed, it may be necessary to concentrate
vaccine which would increase the cost considerably.

The Glabal Advisory Group and the EPI Research and Development Group
discussed alternative measzles vaccine in Abidjan, Cote d'Iveoire, Octcber 1988,
Their copclusions and recomendations are included in Appendix 1 and 2.
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AFPPENDIX 1.
Fecommerdations: of the Global Advisory Gronp,
Abidjan, October 1988.

A nmmber of investigators are cwrrently coampleting large studies comparing
different strains amd potencies of measles vaccines administered to infants
prior to the age of nine months. Preliminary data from these studies were
reviewed and discussed by the Research and Development Group at its Octcher 1983
meeting and by the Global Advisory Group.

The results cbtained to date from this group of studies were judged very
encouraging. They suggest that one or more vaccines will be identified which
will ke suitable for routine use in infants at high risk of exposure to measles.
Howewver, because the studies are still incomplete, several key cquestions camnot
be answered confidently at this time.

It was concluded that these data do not yet warrant a recommendation to
administer routinely any higher than standard potency measles vaccine to infants
below nine months. The higher than standard potency Edmonston-Zagred vaccine
rresently being supplied to some countries is included in this restriction.

Countries should not change from using the existing schedules and strains of
measles vaccines. When the data on safety, immmegenicity, and efficacy become
more complete, ag is expected over the next one to two years, such data will be
re~evaluated to determine if a change in the present recommendations can be
supported,

Research should be pursued on the impact of higher than standard potency
measles vaccines in some selected urban areas of knewn high risk. In additien,
clinical and laboratory studies of different strains at varying doses should be
initiated,

Achieving high coverage with existing vaccines remains the f£irst priority in
all countries.

The age of immmization should be based on the current epidemiclogy of
measles, Vhere disease occurs principally among older infants and young
children, routine immnization should begin as soon as possible after the age of
hine months.

In special populations at particularly high risk of measles morbidity amd
mortality before nine months (such as hospitalized children, those affected by
disasters or in refugee camps) immmization should begin as soon as possible
after the age of 2ix months. - A1l children receiving a measles vaccine prior to
the age of nine wenths should be reimmnized as scon as possible after the age
of nine months.
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APTENDTY 2.
Recommendations of the EPT Research ard Development Group Meeting,
Abidjan, Octdber 1988.

The Research and Development Group reviewed with satisfaction progress on

the implementation of studies to measure the effectiveness of altermative
straing of measles vaccine administered in high titer at =ix months of age.
While the data available are still preliminavy, they strorgly suggest that high
potency measles vaceines are effective in providing high rates of sercconversion
ard measles protection. Contimuivg data analyszes and follow up studies will be
required to provide sufficient data to formilate new policy recommendations.
The potential of this development to significantly erhance global capability to
prevent childhood morbidity and morality is major. Based on discussions during
the Research and Development Meeting and in a follow up subgroup meeting chaired
by Prof. Kostrzewski, the group makes the following recommendations

1. Contime to Use Qurent Measles Vacoines

1.1 WHO should continue to recommend immunization with currently available
vaccines at nine months or as soon as possible thereafter. The challenge for
all programmes is to achieve high coverage with available vaccines,

2. Cortime Studies on Altermative Measles Vacoines

2.1 Ongoing studies of alternmative measles vaccines administered at or before
si¥ months should be completed. Special attention should be paild to follow the
duration of vaccine induced antibodies and of vaccine failure rates in children
vaccinated at or before 6 months of age. Az much as possible methodologies
shenld be standardized to permit comparison of results among studies. EPL
Geneva should provide a standardized format to investigators, recomwending
standard analyses that WHO would 1ike to have.

2.2 Promote additional studies in different gecoraphical reglons on the use of
alternative measles vaccines., ©Of particular priority are :

2.2.1. studies which commpare

sero~respanses after immmization at six months with other vaccine strains (at
various titers and in relation to pre—ewisting levels of maternal antibody) with
the Schwarz and E-Z strains. '

2.2.2. studies which compare

serc-response after immmization between the ages of 14 and 24 weeks with
different measles vaccines (at various titers and in relation to pre—existing
levels of maternal antibody).
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2.3. Follow-up discussicns on the status of cnrrent studies ard on infermation
needed for policy alteration should be given high priority at the EPT Research
ard Pevelopment Meetings in March 1989.

3. Additional Studies of High Titer Vaccines

3.1 Studies to evaluate additional high titer vaccine strains at or before &
months should be encouraged.

4. Reseaych in Urban Areas

In urban areas whare measles

transmission rates are high under 12 months of age and control has not been
achieved with standard vaccine administered at 9 months of age, studies to
measure the effectiveness of high potency vaccines at 6 months should be
wrdertakern. Studies need to be limited to areas that have ongoing systems of
surveillance to measure charges in morbidity and to areas for which sufficient
supplies of high potency vaccine are assured.

5. Two-Dose Measles Vacoine Schedule

5.1 Children admitted to hospital facilities are at high risk for both
morbidity and mortality, All at risk age groups 6 months to five years should
be vaccinated with measles vaccine on admission. Children vaccinated under nine
months should be reimmmnized at 9 months.

5.2 Children living in situations where measles below 9 momths of age
constitutes a wajor health risk e.g. urban slums, disaster affected popula-
ticns, refugee camps, should be vaccinated at 6 months of age. All such
¢hildren should be reimmmized at 9 months of age.

5.3. Promote further cperational research using standard vaccines from the age
of six months to assess the impact of two dose immmnization strategies in areas
vhere measles transmiszion rates remain high despite immunization at the age of
nine months. Studies should be limited to to those areas which have
surveillance systems sufficiently developed to be able to measure changes in
measles mortality.

6. Vaccine Mamifacturers

6.1 EPT should contact vaccine mamufactures to evaluate the possibility of
increasing the titer of measles vaccines currently being provided to UNICEF and
EPT.

6.2 EPI neesds to explore with manufactures options for production of high
potency measles vaccine strains.




EPT/GEN/88.11 Rev 1
Fage 32

7. Other Areas of Research

7.1. Studies of the safety of hich titer vaccines in older non immme children.

7.2. A study chould be initiated te further evaluate the feasibility and
effectiveness of altevnative routes of administration of high dose vaccines,
particularly intranasally, conjunctivally and intradermally, and at different
ages,

7.3. Studies should be performed to determine the reason why Edwenston-Zagreb
vaccine results in higher response rates than Schwarz vaceine in infants with
maternal antibodies.

7.4. Studies should be performed to determine the safety and immmegenicity of
high dosa vaccines in HIV-infected children.

7.5. Basic research to characterize the molecular biclegical characteristics of
vaccine strains which appear to be more successful in inducing immnity in the
face of maternal antibodies.




