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NATURE_OF INVESTIGATION

The workscope of this contract consists of a research and development program
to develop a method to produce an Improved lIQe attenuated measles vacclne
which shall drop no more than 1 log in tlter when held without refrigeration
for at least five days before reconstitution and for an additional 12 hours
after reconstitution at ambient temperature of 40°C. Ideally, this Improved
vaccine will retain immunizing potency leve's for several months at ambient

temperature of 40°C,

The thermal lablllty of measles virus grown In chick embryo fibroblast
cultures Is well characterized. This vlral‘lnstablllty has been attributed
In part to the structure of the measles virion In which peripheral structural
lipoproteins are altered in freezing, resulting In degredation of the
particle with concomitant loss of infectivity. The physical principles of
drying virus by sublimation In vacuo also Influence the stability of the
final preparation. The molecular arrangement of water and the state of the
virus matrix markedly Influence energy required for drying with consequent
Inactivation of the virus. The specific reasons for the continuing loss of
infectivity of the dried virus upon storage at ambient temperatures have not
been established. Loss of virus infectivity may al;o occur when dried virus
Is rehydrated. Differential expansion of the several components of the vlrus

may disrupt the spatial relationships of basic structures by osmotic shock,

We have studled the Influence of the addition of many well known cryoprotective
substances (plus a number of novel substances thought to have potentlal
protective effects) on the Schwartz straln of attenuated measles virus,

the virus llicensed for vaccine use In the U.S.A., before freeze=drying and

to the fluld to be used for reconstitution of the virus to determine If any
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of these protect the virus to the required degree from the effects of freeze-
drylng per se, from further loss of Infectlvity following extended storage

at 40°C and to minimize loss of Infectivity following reconstltution. Our
selection of potential cryoprotective substances was limited to those which
would be acceptable for parenteral administration, thus eliminating such
substances as bovine serum, milk, dimethylsulphoxlde, peptones, Bentonl te,

etc., which have been reported to have significant virus stabil1fzing properties.

A1l virus titrations were carried out by a modlfication of the method described
by DeMaeyer (1960 Plaque Formatfon by Measles Virus. Virology 11, 634. New
cells, a cell line originally obtained from the kidneys of African green

monkeys (Cercoplthecus aethiops), were substituted for the HEp=2 cells In this

procedure.



EVALUATION OF PROGRESS AND PREDICTION OF
POSSIBLE LEVEL OF ACHIEVEMENT FOR END OF PROJECT PERIOD

The objective of this contract Is to develop a stable vacclne which can be
used In an area with poor refrigeration and freezer facilitles under fleld
conditions. The existing llve attenuated measles virus strafln llicensed for
vaccine use has been demonstr;ted tb be safe and efficacious by extensive
clinical evaluation. It was declded, therefore, that thls approved virus
strain should not be modified per se, to Improve the virus stability by cell
passages at different temperatures and/or recomblination with other viruses,
as this would entall prohibitively expensive and time consuming clinical
trials. Our approach, therefore, has been to dlscover a means to Improve
the stability of the licensed virus strain (Schwartz strain) by the additlon

of substances which prevent or slow down thermal Inactivation.

We have screened many substances for some unique agent with cryoprotective

and thermoprotective properties greater than have heretofore been reported.

We have also tested many combinations of substances which we have demons trated
to possess some stabillzing effects to determine If there Is an additive or
synerglistic action. It has been hecessary to approach this work by largely
emperical means because the mechanfsm of virus fnactivation in general and

the extremely lablle measles virus In particular, is still but poorly under=

stood,

Three distinct methanisms of virus Inactlvation during freezing and thawing

are osmotic shock, low temperature salt denaturation and eutetlc crystallization.

Numerous compounds have been reported to stabllize viruses agalnst the deleterlous
effects of freezing or freezing and storage at low temperature. These protective

compounds function In part or In whole by: a) competition for the gas~1liquld

interphase at which proteln denaturation takes place, b) producing an Inltlal



dehydration prior to freezing, c) the formatlon and preservation of opcn

channels In the solid matrix which act as escape passages for particulates

and d) changes In the rates of formation, di:solution and redistribution of

fce. Steele (1975) has recently demonstrated that the mechanism of traditional

cryoprotective additives Is not due to the colligative mechanism of lowering
|"the concentration of other;éélutég)in equilibrium with Ice at any temperature,

as was formerly belleved.

We have found various combinations of substances which effectively stabilize
measles virus during freezing, drying In-vacuo, and thawing or rehydration

with an insignificant loss of Infectivity.

We had anticipated that the stabllization of the dried virus for a comparatively
long time at elevated temperatures would be the most difficult phase of this
contract. However, toward that goal, we have made excellent progress and

have Improved the stability of the dried virus significantly. A total of 101

/g :/uqf/ ’-’;
%ufhfq
Lo°c for five days have shown less than 1,0 log 10 PFU/ml loss. The best of .¢ whu - fv.

different conventional stabilizing mixtures combined with virus and held at

these lost only 0,27 log 10 PFU/ml and many other solutions lost less than

0.5 log 10 PFU/ml. We have not yet found any single substance with stabi1izing
propertiles appreciably greater than have been reported for other viruses,
although we found that the particular combinations and concentrations are
critical for maximum stabi1izing effects. Virus combined with varlous
concentrations of sucrose, sodlum glutamate, phosphate buffer (mono and di-
potassfum) and hydrollzed gelatin, snap-frozen, and freeze-dried has been the

most stable upon storage of the dried virus at 40°C for five days,

The detalls of our findings are dlscus;ed under the following section of this

report. In very brief summary, sucrose In the range of 20-40% has greater
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stabl1izing aﬁtlon than do concentrations above and below this range. The
sucrose probably prevents virus damage by substituting for.water in the

virus structure, by retalning water by hydrogen bonding to water, or by
providing a protective coat for the virus. We have found no other sugar

to be as effectlve a stabllizer as Is sucrose and there Is no additive effect

In combining other sugars with sucrose.

It is more difficult to assess the optimum concentration of sodium glutamate

as this appears to be Influenced by the nature and concentration of the other
substances with which it s combined. In general, however, 1% or 2% appears to
be as effective as concentrations up to 5% but with no toxicity or decreased
protection at the higher glutamate concentrations. The sodlium glutamte may
functlon in stabilizing the virus by reacting preferentially with carbonyl
groups In the medium and thus Protect the virus protein which In the dried

state Is sensitive to denaturation by carbonyl groups.,

The primary role of the K2HPOy and KHaPOy, Ts probably to buffer the medium
although the ions may also haQe some other actifon on the viral 11po=protein
coat. These salts do not have nearly as much Influence in stabilizing the

virus as does the sucrose.

Gelatin appears to be the mdst effective single stabi1izing substance we have
found. A range of 4=79 appears to have the greatest stabillzing action with
concentratlon above 7% having appreclably less action. This hydrollzed gelatin’
probably acts as a cryoprotectant by providing a protective coat for the virus.
It may also prevent fnactivation of the virus particles which can occur when
they reach the gas-1iquid Interface, by saturating the gas=llquld Interface
with another protein thereby preventing virus access to the surface. The use

of hydrollzed gelatin has a number of advantages over other substances which



might have a similar action, such as bovine or human albumin with especial
reference to cost and to potentlial sensitization of the vacclnee.

' ae :
(! /‘ ?"’..l, -

While we have Improved the stabillty of the drled virus significantly, 5, ~ -

2
:l ",

we have not yet been able to maintaln a satisfactory infectivity titer In

in dried virus which has been rehydrated and held in the fluld state for

12 hours at L40°C. Many of these virus=stabllizer combinations 'still possess
considerable Infectivity after 5 days at 40°C difed plus 12 hours at 40°C
after rehydration, but all of them have lost more than 1.0 log 10 PFU/ml In=
toto. Our data suggest that concentrations of substances requlred to maintain
maximum Infectivity during freeze=drying and subsequent storage In the dried
state are ineffectlve or even deleterious to the virus after it Is rehydrated

and held for the relatively short time of 12 hours at 40°C. Thls suggests

that a'bibﬁo;;élstabilizing system Is required in which those stabilizers
optimum f;r freeze~drying and storage at elevated temperature in the dried
state would be combined with the virus prior to freezing and drying. Those
stabl1fzing substances optimum for virus stability in the fluld state would

be incorporated into the fluld used to rehydrate or reconstitute the dried
virus. It Is possible that substances which are not effective In stabi1izing
measles virus Infectivity In drylng andin the dried state may have appreciable
stabilizing action in the fluld state. We are In the process of re-evaluatlng‘
certain of the substances orfginally screened and found to be relatively In=
effective In the dried virus to determine If some of these substances would

be effective stablllzers to virus In the fluld state.

Thermal Inactivation of viruses In the fluid state occurs by two-component
Inactivation curves, Proteln damage results at high temperatures (43°=61°)
with nuclelc acld damage occurring at physiological temperatures. It seems
that most research and studles on the kinetlcs and mechanlsms of virus thermal

Inactivation have been concerned primarlly with the virus protein damage
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{
rather than RNA stabilization - probably because it Is simpler but also because
maintenance of the intact normal virus lipoprotein capsid may protect the
internal RNA from the actions ~f rlbonucleases, heavy metal fon contamlnants,
etc. This Is discussed at some length In the following section of this report.
This discussion of the mechanism of thermal inactivation of viruses provides the

background and ratifonale for additional work we now have fn progress.

The stabilizing effects on a wide varlety of viruses (including measles virus)
of monovalent and divalent catlons and anions are well established. The
discussion portion of this report reviews a number of relevant published
reports. Although the mechanism of the action of these salts (primarily
MgCly, NaCl, ”gSOq, NapS04) has not been entirely characterized, It appears
to result’lﬁ}érom an action on the viral protein., It Is possible that this
action is separate from and independent of the action of the other substances

which protect the virus protein, and may be additive.

Another approach we intend to pursue is the stabllization of measles virus by
the addition of chelating substances to the virus preparation both prior to
drying and in rehydration. EDTA (ethylenedianinetetraacetic acld) has been
reported to stabilize Japanese encephalitis virus RNA = a virus closely related
to measles virus. Rabies virus (another RNA ether=sensitive myxovirus) has also
been reported to be stabl1ized by both EDTA and EGTA . (ethyleneglycol=bis=(g=
aminoethylether) tetraacetic acld). The mechanism by which EDTA and EGTA protects
virus agalnst heat Inactivation has not been determined. The chelating effect
may act by removing catlons that: 1) act as necessary cofactors for degraaatlve
enzymes, 2) non-enzymecally catalyze decomposition of virus components, ér 3)
polson endogenous virus enzymes necessary for replication. Michalski, et al.,
(1976) have reported that serum added to rables virus suspended In a buffer

solution contalning EDTA protects the virus at physiological temperatures under
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conditions where serum added to virus In cell culture medium Is totally with=
out effect. The explanation for these observations Is not clear but as Michalski,
et al., conclude, cell culture medium fs a poor milleu for the manipulation of
rables virus in the laboratory. It may well prove that cell culture fluid is a
poor medlum for the preparation of measles virus vaccine. Current commercially
aval lable measles vaccine Is basfcally measles virus and additives In cell
culture medium. In addition to evaluation of EDTA and EGTA as stabillizing
agents under a varlety of conditions, we Intend to study the influence of
whole serum as well. Serum Is not permissible in a vaccine but If significant
stabilizing action can be demonstrated in the presence of fetal calf serum
and/or adult bovine serum, other leads may be suggested, such as the presence

of enzyme inhibitors or some type of serum protein other than albumin.

Another approach to the stabllization of measles virus infectivity Is to solve
the problem of the loss of infectivity in a fluld state by not rehydrating the
dried virus. This may be accomplished by suspending the dried virus in a water=
free or almost water=-free liquid such as peanut oil or glycerin. We have
carried out some preliminary studies with extremely encouraging results. In one
Instance we reconstituted a dried virus-mixture of 14% sucrose, 0.3% KoHPOy,
0.1% KH2POL, 1% sodlum glutamate and 1% human serum albumin with peanut oll

and held duplicate vials for 12 hours at 40°C and at 4°C, The tlter of the
dried virus rehydrated with water Immediately prior to assay was 10=3.03, the
titer of dried virus reconstituted with peanut oil and held 12 hours at
refrigerator temperature was the same while the titer of the virus reconstituted
with peanut oll and held 12 hours at 40°C was 10230 for a loss of only 0.73
log 10, In another trlal, we drfed virus In a mixture of 1 M MgSOy, 0.01 M
EDTA, 1% sodium glutamate, PO buffer, 30% sucrose, 4% gelatln and peanut oll,

The water was removed from the mixture through the peanut of1 in the drying



Process and left an olly residue. Duplicate vials of this materfal Qere
titrated for Infectivity without exposure to elevated temperature and after
holding at 40°C for 5 days and 12 hours. The titer of the unheated virus
was 1n~2.81 1o the tlter of the heated virus was 10~3.00, This rather
unconventional technique may prove to be the most productive in developing
a highly heat stable vaccine. A stable vaccine not requiring rehydration

would have many advantages over the current vaccine avallable,

In conclusion, we feel that our approach to the stabllization of measles
virus has been very productive. We have developed a stable dried virus
preparation and belleve that thls material can be made even more stable by
alteration of the basic drying cycle we have employed and substltuting argon
for the nitrogen under which all vials were sealed In the drying chamber,
Adoption of the biphasic stabl1izing concept should result In improvement
of the Infectlvity stability In a fluid state. Evaluation of basic amino
aclds such as arginine, histidine and lysine, which should have a greater
affinity for carbonyl groups than does glutamate, should also Improve the
virus stability., If the effectlveness of varfous fons and chelating substances
In protecting viral proteln and RNA apply to measles virus, additional gains
in stabl1lzation should result. The potentfal value of a water=free, Inert
medlum Tn which dried measles virus is suspended Is obvious. Peanut and
sesame oll, Isopropyl myristate and glycerin, éll approved .for parenteral

administration, wlll be evaluated In detall,

Much work remalns to be done. Even |f a major breakthrough occurs any day,
we still must reflne the composition of the product to make It as simple,
Inexpensive, non-reactive, efficacious and easy to admlInlster a vaccline as
practical. We hope but‘cannot at thls tlme guarantee that we will be able
to meet all of these objectlves adequtely by the end of the contact perfod
In August, 1977,



RESULTS_AND DISCUSSION

The Schwartz straln of measles virus, which s approved for vacclne use In

the United States was used for this work. Approximately 18 llters of crude
virus fluid was prepared in primary chicken embryo fibroblast cultures from
this virus seed. The bulk virus was distributed Into small volumes and held

frozen at =70°C for our stablllzatlon studles,

One and half liters of this virus was concentrated in a L4 zonal centrl fuge
in a sucrose gradlent to obtaln a highly purified virus concentrate free of
tissue culture, which might contaln exogenous enzymes or some other factors
resulting from repifcation of the virus In the chick embryo flbroblast which
could affect the virus stability. (Michalski, et al., 1976, has reported
that serum added to buffer protects rables virus at physiological temperatures
under conditions where serum added to cell culture medium Is totally without

effect. They concluded that cell culture medium Is a poor mllleu for the

manfpulation of rables virus (which Is related to measles virus) In the
laboratory). The cuts collected from the centrifuge rotor bowl were monitored
by ultraviolet absorption. No virus concentration was detected by this
technique but the fractions with the appropriate sucrose denslty which
theoretically should have contained most of the virus were combined and a
portion of this pool containing the sucrose gradlent was fllled into vials

and freeze-dried. The remaining fraction pool wes filtered.through a Sephadex
G=25 columa to remove the sucrose and was freeze dried. Very little Infective
virus could be detected in elther the zonal centrifuge ''concertrate' or In
the sucrose-free preparations. It appears that this concentration-puri ficatlion

method Is not practical for commerclal vacclne production.



Additive Tested
sucrose~gelatin¥
sorbital (10%)
sorbital (5%)
sorbital (1%)
gelatin (1%)
gelatin (0.5%)
gelatin (0.1%)
lactose (10%)
maltose (25%)

raffinose (8%)

-] =

brop In PruMI_(log;o)
0.55
1,60
1.59
>2.88
1.54
2.26
>3.02
1.76
0.63
1.18

Most of the other additives tested had 1ittle or no effect with little

detectable virus infectivity.

% Composed of the following:

Basic Solution

distilled water

KOH

l=glutamic acid

sucrose

800 m!

0.548 ¢
1.440 g
2.508 g
1.030 g

150 g (equlvalent to 15% sucrose In
final preparation)
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Gelatin Solution

A 20% solution of gelatin (USP Low Bloom 112 Knox type 2321) in
distilled water autoclaved at 15 1b. for two hours. (This hydro=
lyzes the gelatin to render It safe for Injection without potential

for hypersensitive reactions.)

One part of the gelatin solution was added to four parts of the
Basic Solution. Equal volumes of the resulting mixture and measles

virus were combined and dried.

Stnce It appeared that the sucrose-gelatin additive was the most
effective, a controlled study comparing the additive effect of the more
promising of the above listed substances (plus arabinose in place of
raffinose) was carried out. The dried virus~stabllizer mixtures were
held at 40°C (104°F) for 48 hours and titrated immediately after rehy-
dration. Unheated preparations were also titrated simultaneously. While
the objective of this contract Is to develop a procedure to maintain virus
infectivity of the dried preparation within 1 log after five days

storage at 40°C plus 12 hours at 40°C after reconstitution, we

limited the storage at 40°C to two days for these screening studles.

Those substances which appear to be the most promising by these tests
will then be studled more extensively over the entire five day period
alone and comblned with other substances for possible additive effect.
A summary of the drop In Infectivity titers In this study Is glven In

the following table: )
ole 2hlicn
pegre .
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A large variety of additives have been used for many years alone or in mixtures
to prevent Inactivation of frozen and freeze~dried virus suspensions. We have
evaluated various concentrations of the following representatives of these

classes of substances known to possess stabllizlng action under specific

conditions:
human serum albumin dulcitol
hydrolized gelatin manni tol
sucrose inositol
maltose sorbi tol
lactose glycine
raffinose soluble starch
arabinose polyvinylpyrrolidone
inulin methocel
glycogen polyethylene glycol, 4,000 cps

polyethylene glyccl, 6,000 cps

Polyvinylpyrrolidone, soluble starch, gelatin, sorbitol, sucrose, maltose,
raffinose, methocel and polyethylene glycol had the greatest protective action
for measles virus Intectivity upon freeze~drying and rehydration without
exposure to elevated temperatures. All materfal which retalned adequate
Infectivity following the drying operation were held at 40°C (104°F) for

4y hours and retested Immedlately after rehydration. Of all of the

substances tested, only the following showed any slgnlficant stabfl1izing

effect:



Stablllzer

*Basic buffer, gelatin, 15% sucrose

Baslc buffer, gelatin,

Basic buffer,
Basic buffer,
Basic buffer,
Basic buffer,
Basic buffer,
Basic buffer,
Basic buffer,

Basic buffer,

gelatin,
gelatin,
gelatin,
gelatin,
gelatin,
gelatin,
gelatin,

gelatin,

Water + 5% sorbitol

30% sucrose

25% maltose

15% sucrﬁse + 25% maltose
5% sorbi tol

15% sucrose + 5% sorbitol
25% maltose + 5% sorbitol
10% arabinose

10% arabinose + 15% sucrose

10% arabinose + 5% sorbitol

Water, 5% sorbitol + 15% sucrose

Water, 5% sorbitol + 25% maltose

Water + 25% maltose

Water alone

“Basic buffer composition

distilled water

KOH

I=glutamic acid

KoHPOy,
KH2POy,

800 ml
0.548 ¢
1.440 g

2.508 ¢
1.030 g

-1 -

DI'OE in PFU/ml ‘]09]0)

0.63
0.32
0.99
0.66
>2.84
1,02
1.27
2.66
2.72
2.75
complete loss
2,01
1.36
1.07

complete loss
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These results demonstrate that substances which most effectively malntain
measles virus infectivity through the freeze~drying process do not
necessarily protect the measles from loss of Infectivity upon subsequent
storage at elevated temperature, Most of the substances we have screened
Individually and In various combinations are relatively ineffective in
protecting virus infectivlty through both freeze~drying and exposure to
40°C. Those substances which do show activity In this regard are very
promising. On the basls of these results, sucrose, hydrolized gelatin and
a phosphate buffered solution contalning KOH and l=glutamic acid are highly
effective In stabill1zing measles virus Infectivity. We therefore Initlated
a study of varfous concentrations of glutamate alone and with the basic

buffered salt solutfon, sucrose, gelatin and humans erum albumin.

Virus was mixed with equal volumes of each of the 11 different solutlons
described ‘in Table 1 (see addendum attached). These virus mixtures were
filled into 2 ml vials (0.5 mi/vial), snap=frozen in dry Ice and alcohol,
dried by the standard drying cycle used throughout this project to date
and the vials were sealed under a negative pressure of five Inches Hg.
The dryer chamber was reduced to this pressure with dry nitrogen. These
vials were held at 40°C for two days or for five days after which they
were rehydrated with water and Immediately titrated along with vials
which were frozen but not dried and with vials which were dried but not
held at 40°C. The two time Intervals were used because we did not want
to miss the endpoint If the virus were to be inactivated completely after
flve days and also to get some Idea of the relative rates of Inactlvation
which could not be obtalned with only one time Interval. The results of

thls'study are summarized In Table 2 and Table 2A. All 10 solutlons were
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significantly superfor to the control buffer solution contalning only
phosphates, KOH and l-glutamic acld (Solution No. 11). A relatively
slight decrease In Infectivity resulted from the freeze~drying operation
with all 10 stabilizer solutions with the solution of 30% sucrose, 1%
sodium glutamate and gelatin (Solution No. 8) decreasing in titer only
0.08 logjg. All of the solutions had an appreciable drop in titer, how-
ever, after storage at 40°C for two days with Solution No. 8 and Solution
No. 10 (same as Solutfon No. 8 but contains in addition 1% human serum
albumin) dropping 0.56 and 0.66 log)o respectively. These two stabilizing
solutions were also superfor after flve days at 40°C, with losses of 0,82
and 0.72 logs respectively. As summarized in Table 2A, most of these

solutions had slightly more than 1 log loss after five days.

SIx of these stabillzing solutions (as described in Table 1) were tested
at Intervals of 2, 3, 4 and 5 days storage of the dried virus mixtures
at 40°C. In addition, the dried virus mixtures were rehydrated with
water after flve days storage at 40°C and the rehydrated virus was held
at 40°C for 12 hours and titrated. The results of all of these tests
are summarized In Tables 3 and 3A. These results demonstrate that the
decrease In measles virus infectivity occurs gradually over the five

day storage at 40°C and confirms the superiority of Solution No. 8 which
showed a virus loss of only 0,33 logs. The complete loss of all virus
Infectivity In all solutions held dried for five days at 40°C plus 12
hours at 40°C after rehydratlon was not anticipated. The one study
reported last quarter In which only 0,10 log Infectivity was lost after

12 hours at 40°C had led us to belleve that stabli1lzatlon of the drled
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virus for extended perlods would Present more of a problem than would

the relatively short storage of the rehydrated virus,

A very large study of evaluating 74 different stabilizing solutions was
then done. The composition of these solutions is given In Table 4. These
consist, basically, of three different concentrations of sucrose (7, 14
and 30%) each contalning permutations of 1s 2, 3, 4 and 5% sodlum glutamate,
1, 2, 3, 4 and 5% human serum albumin, with and without hydrolized gelatin,
The bulk of this report covers testing of these stabllizing solutions
under various conditions. Because of personnel~time limitations, we
cannot titrate more than 50 samples in a given day. The results of each
day's titrations are summarized in separate tables. Tables 5 through 9A
list the results of our assays of stabllizing Solutions 1 through 72.

Equal volumes of measles virus were mixed with each of the stabflizing
solutlons, freeze~drled, titrated before and after storage of the dried
virus for five days at 40°C and after an additional 12 hours at 40°C
following rehydration with water. These results Indicate that 34 of

the stabl1fzing solutions prevent a loss of >1,0 logyg PFU after the

dried virus=stabilizer mixture Is held at 40°C for five days but In

e At b e B it 0k - mrg - s

oniy 10 Tnstances did aﬁ§“7;f§§§jxgmxlgg§~ggzxjve the additional 12

e

hours at LO°C after rehydration. It was noted that in general there

s o —— Voo ot bn, o camcter 2 BT

did not appear to be any correlation between the titer of virus surviving

the flve day perfod and the 12 hour perlod post~rehydration. These

results suggested that: a) storage of the dried virus at elevated
temperature reduced the stability of the virus upon subsequent rehy=-

dration, b) the stabllizers with maxImum effectliveness In stabllizing
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drfed measles virus are not necessarily the most effective in stabllizing
fluld measles virus, or c) the particular combination of stabilizing
substances, while protecting virus infectivity in freezing and drying

and storage at high temperatures actually have a deleterious effect

on the virus after rehydration. To determine which If any of these
explanations are valid, and to determine appropriate corrective measures,

a series of studies were carried out.

The results of one experiment are summarized in Tables 10 and 10A. In
this study selected dried stabillzing solution=virus mixtures were
titrated before and after storage at 40°C for flve days. In addition,
these preparations were assayed following rehydration with water and
storage at 40°C for 12 hours without previous storage in the dried

state at 40°C. It appears, therefore, that virus is relatively unstable
after 12 hours at 40°C in the fluid state even though the dried virus

had not been held at an elevated temperature prior to rehydration.

One possible explanation for instablility of fluld virus Is the pH of

the virus mixture. A pH on the acld oralkallne side conceivably could
affect the virus stability independently of other Inherent physical-
chemical stabllizing properties of the stabilizing solution. We'had
assumed that the concentration of phosphates in the basic solution used
to prepare most of these stabillizing solutfons (0.123% KoHPOy and 0.051%
KHoPOy) would satisfactorily buffer the solutfons at around neutrallty
as thls phosphate concentration has commonly been used In many reported
studles of virus stability In the llterature. We determined the pH of

all of the stabillzing solutions described In Tables 1 and 4 of this



report. These are llsted in Table 11, It Is apparent that the pH
varles from 6.0 to 7.0, with most of the solutions having a pH on the
low side. In every solutfon in which the hydrolized gelatin was
included, the pH was 6.0, a pH which would not seem to be desirable for

maximum stabi1fty,

In order to resolve this apparent fluld virus Instabllity, therefore, we
~attempted to determine the phosphate concentration which would buffer the
stabilizing solutions studied at about PH 7.0 and compare the titers of
virus reconstituted with water and with the buffer solution after holding
the reconstituted virus preparations 12 hours at 40°C. We prepared and
tested a serles of varylng concentrations of KaHPOy, and KHyPOy In water
In preparing stabllizing solutlons contalning up to 30% sucrose and the
usual gelatin concentration. Phosphate concentration of 0,615% KoHPOy,
and 0.255% KHaPOy, was required to malntain the PH at 6.8=7.0, This
phosphate concentration Is five times that which was used in the prepa=-
ration of the stabllizlng solutfons described in Tables 1 and 4. Accord=
Ingly, we ran a small study of a series of three stabf1izing solutions
(each with a pH of 6.0 and which we would have expected to be more effective
stabllizers than previous results Indicated If the PH were at neutrallty)
as planned, reconstituting one set of dried vials previously held flve
days at 40°C with the high phosphate solution (henceforth referred to as
Buffer) and the other set of dried vials reconstituted wilth water., These

reconstituted vlials were held for 12 hours at 40°C or 4°C and then were

tltrated [mmediately. The results of this study are summarfzed In Tables

12 and 12A. These results Indlcate that use of the Buffer does slightly
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Improve the stabiilty of the virus subsequently held at 40°C but has
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little effect on the virus subsequently held at 4°C. The drop In virus

titer at 4°C, however, was much less than at 40°C. The flve days storage
of dried virus at h0°c prior to reconstitution did not appear to influence
the subsequent stability after reconstitution in confirmation of data

presented earller in this reporte.. ...

A more extensive study of selected stabilizing solutions comparing the
effectiveness of water and Buffer In reconstituting the dried virus was
carried out and the results are summarized In Tables 13 through 15A.
These results further conflrm the greater stability of the virus recon-
stituted with both water and Buffer at 4°C over the corresponding virus
preparations held at 40°C, There were signiflcant differences in the
stability of the virus in the different stabilizing solutions. The

virus loss in the virus reconstituted with water and held at 4°c _for
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12 hours ranged from 0 to 0.51 logs; comparable preparations held at

L0°C had virus losses ranging from 1.42 to 3.73 logs. The virus loss

In the virus reconstltuted with Buffer and held at 4°C for 12 hours
ranged from 0 to 0,34 logs; comparable preparations held at 40°C had
virus losses ranging from 1,26 to 2.37 Iogs. The mean log)q virus titer

.
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losses are summarized in the following table:

Rehydrating Mean PFU/M1 (loq 10) Loss
Fluld c 4°c
Ho0 v 2,20 0.17

Buffer o 1.85 0.16



These average flgures tend to conflrm the results of the preliminary

experiment summarized In Tables 12 and 12A in that the Buffer does

fmprove the stabillty of the virus held at 40°C but has little effect

——

on thehvirus held at 4°C. Average flgures can be misleading, however,
a;m;ﬁprOVement in stabllity at 4O°C with a few of the stabilizing
solutfons was much greater than the averages of 0.35 logs. For example,
stabilizing Solutfon 37 showed an improvement of 1.46 logs, Solution 29
had an improvement of 1,36 logs and Solution 57 bhad an improvement of

0.76 logs. It would appear that each combination of stabilizing substances

must be evaluated Individually and empirically.

One additional study of comparing the effects of Buffer and water recon-
stitution on stability at 40°C after rehydration was performed. A group

of 14 Stabilizing Solutions, selected on the basis of thefr pH, were held
dried at 40°C for five days after which they were reconstituted with elthér
water or Buffer and held an additional 12 hours at 40°C and titrated.

Those virus mixtures whlgh had a pH of 6.0 were reconstituted with Buffer
while those which had pH values of 6.4 to 7.0 were reconstituted with
water. In addition, one stabfl?z!ng solutfon (#66) with a pH of 6.0 was
reconstltuted with both water and Buffer, held 12 hours at Lo°c and 4°C

and titrated. The results of thls study are summarized In Tables 16 and

16A. These results further confirm that those v solutions reconstituted

with Buffer are more stable than those reconstituted with water. The result~

Ing stabllity Is not satlsfactory, however, and factors other than pH

appear to be Interracting in the varfous stabi1izing solution mixtures.,
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Gelatin appears to be the most effective single stabilfzing substance
we have tested. While this gelatin solution becomes aclidic upon
hydrolysis, we have subsequently noted that the high phosphate buffer
required to maintaln the pH at neutrality causes a precipitation of the

gelatin solution and may alter Its stabllization capaclty.

While the study reported In Tables 16 and 16A was In progress (it takes two
weeks to complete an assay and It {s not productive to await the results of
each study before starting another study), another study of Stabilizing
Solutions with original pH values of 6.0=6.4with reconstitution with
Buffer only was carrfed out. These dried virus mixtures were held at

Lo°c for flve days after which they were reconstituted with Buffer and |
held 12 hours at 4°C or 40°C and titrated. A similar test of a production
lot of released measles vaccine (Attenuas® Lot 1608V = Expiration Date

June 21, 1977) rehydrated with fluid provided by Merck Sharp & Dohme, was
Included In this study. The results are summarized In Tables 17 and 17A.
These results further indicate that adjustment of the pH with the high
phosphate buffer In reconstitution, under the conditions of this s tudy,

will not stabilize the virus adequately through the 12 hour storage at

h0°C. The lot of commercial Measles Vaccine tested lost all detectable

e i g it -

virus infectlvity during the 12 hours at 40°C after rehydration with the

fluld provided by the manufacture for reconstitution of the dried vaccine.

.. I - e e
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It was thougktthat perhaps physical-chemical changes of the stabilizing
mixtures occurred during the freeze-drying process with consequent loss
of stabilizlng capacity after rehydration and storage at 40°C In the

fluld state. A total of 16 virus=stabllizer mixtures were reconstltuted

with the original stabilfzing solutfon combined with the virus prior to
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freeze~drying. These vials were held In duplicate, at 4°C and at 40°c,

far 12 hours and titrated. The results are summarfzed in Table 18, Since:
the virus mixtures held at 4°C would be presumed to have higher titers than
those held at 40°c, they were diluted 1:10 for Plaque assay while those held
at 40°C were tested undiluted. As the results demonstrate, practically no
virus was lost after 12 hours at 4°C. The virus mixtures were toxic to the
tissue cultures In the assay system when tested undiluted, therefore, no

valid comparative titers after storage at 40°C were obtained in this s tudy.,

As noted previously, gelatin appears to be the most effectivg_;lnglgmgxghljjzr

fng substance we have tested. . Prior to this time, only one concentration of

gelatin was evaluated In combination with the various other potential
stabilizing substances. This concentration of gelatin (one part of 20%
hydrolized gelatin + & parts of stabllizer) had been found to be effective

In Parke=Davis res:arch Programs with other viruses, In order to determine If
other gelatin concentrations might be more effective In stabllizing measles
virus Infectivity, a series of different gelatin concentrations was used in
rehydrating selected dried virus preparations In duplicate. These rehydrated
virus preparations were then held at refrigerator temperature and at 40°c‘
for 12 hours and were then titrated for Infectlvity. The results of this
study are summarized In Tables 19, 20, 21 and 21A. These results Indicate
that with the most of the stabl1lzing solutlons evaluated in this comparison,

proportions of stabilizer to gelatin of 3+] and 241 are superior to higher

concentrations of gelatln, with these two proportions being equlvalént.

S e s ot

SInce sucrose was tested only at concentrations of 7, 14 and 30%, with 30%
appearing to have a greater stabilizing actlon than the 7% and 14% under the

conditions of evaluation, two large freeze=drying runs were made of virus
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combined with a range of sucrose concentrations (50%, 40%, 30%, 20% and 10%),
with each sucrose concentration containing 1%, 2% 3% 4% and 5% sodium
glutamate and a range of gelatin concentrations (0, L+1, 341, 241, 141,

142, 143 and 1#4). Two hundred separate and distinct mixtures were comblned
with equal volumes of measles virus and freeze~drled. Table 22 describes
these samples. All of these samples were held for 5 days at 40°C In the
dried State, were then rehydrated with water and then held for an additional
12 hours at 40°C in the fluld state. The results of titrations of these
samples at the beginning and end of storage at 40°C are summarized In Tables

23 through 30, These samples were also tested at 0 time and after 12 hours

at 40°C following rehydration (wlthout storage of the dried vlrus at 40°c)
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and the results avallable to date are summarized In Tables 3I through 35,

St s e e

A1l of the results listed In Tables 23 through 35 are given In Table 36 re~
\_ﬁ____

e,

calculated fn terms of virus Infectivity loss.

In order to make these large amounts of data easfer to assimilate, Tables 37
T

nzhrgggh”ﬂgmgresent the data arranged In an organized comparative fashion.

Analyses of the data in these tables In terms of the three methods of storage

follow.

1. Stabllity of dried virus for 5 days at 40°C
When the results of the 5 separate sodium glutamate dilutions are combfned
together for an overall comparison of the effects of the different sucrose

and gelatin concentrations as shown In Table 37, the range of 20~-40%

sucrose has greater stabilizing properties than do concentratiopns of

Y D

50% and 10% at gelatln _proportions of L+l and 3+] but _the 50% sucrose

I VR

Is more effectlve than the other sucrose concentratlons at a gelatln

e

proportion of 2+l The results in Table 38 In which the Indfvidual sodium

R
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glutamate results are tabulated confirm that the sucrose range of 20~40%

[ —
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Is most effectlve. It Is Interesting to note that ‘the combination of
20% sucrose and 2% glutamate Is most effective at a gelatin proportion
of L+1, 30% sucrose nd 2% glutamate at gelatin 3+! and 40% sucrose and
1% glutamate at gelatin 2+l. This suggests that the greater the concen=
tration of gelatin, the more sucrose is required for maximum stabilizing
action. All other factors belng equal of course, the less material in
the vaccine the better from standpoint of solubllity and reactlivity as
well as cost. SInce the most stable preparation contafned 30% sucrose

e e s o e e i S e————

and a gelatin Proportion of 3+l (a loss of 0. 28), this would be the most
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desirable for a potentla!mvacclne.“ There does not appear to be a

significant difference In the stabilizing properties of the five different
sodium glutamate concentrations, therefore 1t would be advantageous to use
1% or 2% at mbst.

Stabllity of virus held dried for 5 days at 40°C plus 12 hours at ho°c
after rehydration

These results are Incomplete but the overall comparison of the effects

of the five concentrations of sucrose at efght different gelatin concen~
trations, as summarized In Table 39, indicate that the stabilizing effect
of gelatin is considerable, with extreme lability of the virus in the
complete absence of gelatin and with decreasing effectliveness of the
stabl11zlng actlon as the gelatin concentration Increases beyond a

proportion of 142, The most effective stabillzing range of the gelatin

ls L+l to 141 with the greatest stablllty shown with 20% sucrose and a

YL

gelatin proportion of 3+1, The relationship of the concentration of

sucrose and gelatin concentrations prevliously mentloned exists ln this
study also at gelatln proportlon of L+1, 3+1, 2+1 and 141, but It breaks.
down at the higher gelatin concentrations of 142, 143 and 1+ where

stabl1izing effects are greatly reduced. The results In Table 40 In
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whiéﬁnfﬁé lﬁd!§lﬁu5I"sodfhm”giuté@éte results are tabulated differ markedly
fééiﬁ.;hdsé-preseﬁtgd ‘In Table 38 Whl‘féh'>épply only to the stablifty of the
drled, non-réhydraféd~v1rhs'samples. The most stable virus preparation
(losiing 1.61 Iogé) was that containing 50% sucrose and 2% sodium glutamate
with 1+1 gelatln.‘ The preparation contalning 50% sucrose and 2% sodium
glutamate with i#l gelatin was also relatively stable, losIng only 1,96

logs. Overall the concentration of sodium glutamate did not seem to be

critical. These results suggest that a stabilizer combination that Is
the most effective In protecting the infectivity of dried measles virus

Is_not the most effectlve In maintaining the virus infectivity in a_fluld

state at L0°C,

Stabl 11ty of virus not held at 40°C In the dried state but held at 40°C
after rehydration

These results are Incomplete also but the overall comparison of the
effects of the flve sucrose concentrations at elght different gelatin
concentrations, as summarized In Table 41, show the same pattern with
respect to sucrose~gelatin concentratlons previously discussed. It would
be premature to reach any conclusions on the data presented In Table 42
In which the Individual sodlum glutamate results are tabulated because of
paucity of data at present. The most stable preparatfon for which we |
have results contains 40% sucrose, 1% glutamate and gelatin 2+1, This
preparatifon lost 1,20 logs at 40°C for 12 hours. A good stabl1ity was
also shown by a number of other samples: 30% sucrose and b% glutamate
plus gelatin 2+1 (=1,30 logs), 40% sucrose and 2% glutamate plus gelatin
2+1 (=1.36 logs), 30% sucrose and 3% glutamate plus gelatin 3+1 (~1.36
logs), with a number of other samples having only slightly greater losses
of Inféctlvlty., Because these results are incomplete, they cannot yet

be compared with those belng‘obtalnéd for the drled virus held 5 days at
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40°C, and the dried virus held 5 days at 40°C plus 12 hours at 40°C after
rehydration to compare the effectiveness of the various combinations of

stabl lizers under these different conditions.

As discussed previously, our data suggest that stabllizers which are effectlve
in malntaining the Infectivity of measles virus In the dried condition may

not be the most effective In protecting virus Infectivity Inthe fluld state.
Perhaps Incorporation of substances in the rehydrating fluid will protect
virus Infectivity In the fluld condition even though they are relatively
ineffectlve In the drled state. Varfous resulis have been reported to protect
the Infectlvity of a number of heat-labile viruses by many Investigators. The
following review of some of the more relevant literature provides the back~
ground and rationale for our studies of the stabilizing properties of such

salts.

Burnet and McKie (1930) reported that monovalent cations enhanced the inactivation
of bacteriophage by heat but that the addition of low concentrations of divalent
cations partially prevented this Inactivation. Lark and Adams (1953) repdrted
stabilizing effects on bacteriophage of Mg fons at 0.000001 M and of Na fons

0.1 M. They suggested that a dissociable complex was formed by the fons and -
vulnerable sltes on the phage particles, the complex being more heat resistant
than the cation~free site. Adams (1949) reported that bacteriophage could be
stabl1lzed at 37°C for 24=48 hours with 0,001 M concentrations of many cations
(Ba, Ca, Sn, Mg, Mn, Co, NI, Zm, Cd and Cu). Allisbeugh (1957) reported that
hypertonic NaCl, KC1 or NHLC! Tn high concentrations (5 to 40%) stabllized
smallpdx virus to the extent that the virus remalns viable about twice as long
at 5°C as vlrus suspended In glycerfnated diluent. Wallfs and Melnick (1961)
reported that the use of high concentrations (one molar) of divalent cations

In stabl1izing poliovirus Mg++ protects pollovirus at 50° for 1=2 hours wlth
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only gradual loss of Infectlvity over the next 2l hours. Molar Mg+t protects
polfovirus at room temperature (25°C) for 25 days, and at 37° for over 3 days,
without any detectable loss of Infectivity. They found that 1 or 2 M NaCl
protects poliovirus at 50°C for shorter perfods (30-60 minutes) but at 37° it
enhances viral Inactfvation. That Inactlivatifon of virus at 50°C proceeds

differently from that at 37° has been suggested by Younger (1957).

Wallls and Melnick (1962) subsequently reported that M Mg++, M Ca++ or 2M Na+
also stabllize ECHO and Coxsackle viruses to heat treatment of 50°C fdr 1 hour.
They found that the myxoviruses (Influenza, mumps and parainfluenza), Sindbis
virus and polynoma viruses are more sensitive to heating at 50° In molar Mg+
than in distllled water, Divalent but not monovalent cations have also been
reported to enhance the thermolability of vaccinia, herpes simplex, adeno

and SV=40 viruses. Wallls and Melnick (1962) emphasize that while the
divalent catfons stabilize enteroviruses at all temperatures between 4° and
50°, the monovalent catlons are selective in their temperature range. At 50°,
M Mg++ or Ca++ stabllizes enteroviruses for 1 = 3 hours, whereas the stability
offered by 2 M Na+ begins to fall sharply after 1 hour. At 37°, M Mg+t or
Cat++ stablllzes these viruses for at least 3 days, conversely 2 M Na+ enhances
thelr fnactivation at thls temperature. Wallls and Melnlck conclude that only
viruses wlth cublc symmetry, RNA core and free of essential 1ipids are

stabi!lzed by molar magnesium,

Nakamura and Ueno (196l) reported a study on the stabllization of Japanese B
Encephalitis (JBE) virus and found that water, 1.0 M Nazsou and 1.5 M MgSOy,
protected JBE virus from Inactivation at 50° whereas 0.1 M and 1.0 M NaCl,

0.1 M NaySO), as well as 0.15 M MgSOy Inactivated the virus. However, the
JBE=RNA was more stable In the presence of a high concentration of NaCl than In

H20 and other salts tested. Since there was no indicatfon that divalent cations



had any greater effect than monovalent catlons, they suggested that the
differences In effect are related to the kind of anion present. This
speculation Is supported by the data of Wallis, Yang and Melnick (1962)
which show that NaCl protects some but not all DNA viruses from thermal
Inactivation fndicating that the anion Is the determining factor.
Nakamura and Ueno (l96h) further suggest that the effect of anions on
Tnactlvation of virus is associated with viral surface protein, but not

viral ribonucleic acid.

Rhinoviruses are more stable at 56° than are enteroviruses: Dimmock and
Tyrrell (1964); Ketler,et al. (1962) and the stability of rhinoviruses [s

not Increased by high concentrations of magnesfum chloride as much as the
stabl1ity of enteroviruses. Cimmock (1967) considered therefore that the
thermal Inactivation of a representative member of each group should be studied
in detall at varfous temperatures. It was thought possible that the RNA of
the virus might be Inactivated either by direct thermal damage or by the
action of cellular ribonuclease which gains access to the particle by
penetrating the virus protein coat. Damage to the protein molety might
prevent adsorbing or uncoating and protein damage was detected by fallure

to combine with specific neutrallzing antibody. Dimmock clted Woese (1960)
who pointed out that the activatlon energy of the reaction was higher when

the Inactivation occurred at high rather than low temperatures and belfeved
that viruses became noninfectlous wﬁen thelr nuclelc acld becomes non-
Infectlous and that the nuclelc acid Is rendered nonlnfectious at high and

at low temperatures. DImmock feels that this cannot generally be true however,
for when Murray Valley encephalltis virus or the picornavirus foot-and-mouth
disease virus are Inactivated at temperatures of arourd 55°, the infectlvity

titer of the RNA extracted from the virus particle m , be only slightly
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reduced although the Infectivity of the heated virus Is greatly depressed
(Ada and Anderson 1959; Bachrach 1961). On the other hand, Pollard (1953)
suggested that Infectlvity of viruses was Inactivated at higher temperatures
when some protein component was denatured. Dimmock (1967) found that
Inactivation of the infectivity of a rhinovirus and a pollovirus between

20° and 60° took place by two thermodynamlcally df fferent reactions which

for the rhinovfrus intersected at 39° and for thé poliovirus at 44°, With
the additlon of M MgCl2 to the polfovirus, the Intersectlon temperature was
ralsed to 47°. At temperatures below the Intersectfon, Inactivation was
assocfated with relatively small thermodynamic values (''low'' temperature
Inactivatfon) and above the Intersectfon by much larger values (“high"
temperature Inactivation). RNA Infectivity was thermally Inactivated at
about the same rate as virus Infectivity at '"'low' temperatures but was far
more stable than virus Infectlvity at "high' temperatures. Pollovirus

RNA, but not rhinovirus RNA became susceptible to ribonuclease after the
virus was heated at high temperature; M MgCl, prevented Inactivation of

RMA infectivity within the virus but not of isolated RNA and therefore was
thought to strengthen the structure of the virus capsid. At '"low"
temperature the antigen assoclated with virus Infectivity was more stable
than Infectivity, but at "high'" temperature It was destroyed at the same

or at a slightly slower rate. He concluded that a) rhinovirus and poliovirus
Infectlvity could be Inactlvated tbrough damage to both the RNA and the
proteln moleties and that b) the stabllitles of these moletles vary with
temperatures Independently of each other so that c) lnactivation at a particular
temperature takes place through whichever component Is the least stable at that
temperature. He thlnks that the primary reason for Inactivatfon at high

temperature Is damage to virus proteln and at low temperatures it Is damage



to RNA. Both reactions probably take place at all temperatures but one is
more Important quantitatively than the other at a particular temperature
except at the temperatufe where the two reactfons Intersect. The effeét of
M MgCly on heat Inactivation of the picornavirus HGP (rheovirus) and polio=-
virus type 1 (LSc) can be Incorporated into this hypothesis, There was no
evidence of any effect of MgCl, fons on the stability of viral RMA. There
was, however, both direct and Indirect evidence that they stabilized viral
protein., The only marked effect M9012 fons had on unpurifled virus was on
the high temperature reaction in which proteln destruction was believed to
be the key event. The protective effect was more marked in the case of the
LSc poliovirus in which the protein appeared to be more severly damaged.
The decrease In entropy of high temperature Inactivation of LSc on the
addition of M MgCl, suggests that possibly the lons Increased the bonding

between adjacent protein components.

Wallls, Smith and Melnick (1964) reported that the Infectlve tliter of reovirus
could be Increased 4 - 8 times by heating at 37°=55° for 5 = 15 minutes in

2 M MgClz. Only Mg fons were found to enhance the titer of reovirus at 50°;
other divalent catfons and NaCl were without effect. The maximum titers at
37°C were attained In 256 minutes, at 45°C in 16 minutes; at 50° in 8 minutes;
and at 55° In 2 minutes. After varying perlods, depending upon the temperature,
the activity of the virus declined., The Infectivity of virus held at 55°
dropped sharply and was 1 log below the orlginal titer after 64 minutes. The
virus held at 50° and 45°C was reduced 0.5 log after 9 hours while the virus
held at 37° was sti11 0.25 log higher than the original titer after 9 hours.
The non=MgC1, containing virus preparations lost infectivity rapldly at all
temperatures tested. 1 log of virus was lost In 16 minutes at 55°, 128 minutes

at 50°, 256 minutes at 45° and 0.5 log was lost after 9 hours at 37°.
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The Mg lons altered the state of the virus fn another unusual way so that the
virus becomes highly sensitive to subzero temperatures, especially between

=20° -and ~40°, where less than 0.1% of the virus may survive. This inactivation
cannot be attributed to ice formation alone (If at all) for at =30° where a

2 M Mgc12 solution does not freeze, only a small fraction of the virus population
survives, In fts inactivatlon by heat, reovirus Is unlike the enteroviruses,

which remain fully active when held at =20° In MgCl, solution.
The mechanism of this altered response to temperature change Is not understood.

Rapp, et al. (1965) reported a study of the effect of temperature on the
Infectivity of vlrﬁlent and attenuated strains of measles virus mafntained

in the absence or presence of MgCla, MgS0), and other salts. They found that

the Tnfectivity of measles virus in water Is rapidly destroyed at 37° and higher
temperatures. More than 507% of the Infectivity Is lost after 1 hour at 25°C and
almost 90% loss of infectivity occurs within 24 hours at 4°, Magnesium chloride
enhances the Inactivation of the virus at all temperatures tested. Addition of
elther magnesium or sodium sulfate, however, protected the virus agalnst thermal
Inactivation. The stabllizing effect Is demonstrable at temperatures ranging
from 4° to 56° but Is especially pronounced through 45°. Prolonged storage

(up to 6 weeks) of the virulent virus at 4° In 1 M MgS0y, permits retentlon of
substantial Infectlvity whereas storage at 4° In elther water of 1 M MgCl,
results in a loss of Infectivity approximately 99% after 2 weeks. Magnes I um
chlorlde also enhances inactlvation of the attenuated vaccline straln of measles
virus. The attenuated virus, however, 1s strongly protected by magnesium
sulfate agalnst thermal inactivation, and retentlon of Infectivity for long

periods at 4° seem feaslible when the virus Is kept in 1 M MgsOy,.
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Hopkins (1967) and Corfa (1972) have reported that infectious bronchitls
virus (which is another RNA, ether sensitive myxovirus) is stabllized by

Mgsou at 50° for 80 minutes,

A1l of these reports suggest that monovalent or cationlc lons or perhaps merely
S04 fons can enhance the thermostablllty of measles virus. In view of Rapp's
promising results with Mgs0;, and Nazsou. we felt tﬁat first conslderatlbn
should be given to a study of the stabl11zing properties of these two salts.
Accordingly, a number of previously dried virus=stabilizer preparations were
rehydrated with 1 M MgSOz and 1 M Na,S0y and held at 4°C and 40°C for 12’ hours
and titrated. The results of thls study are summarized in Table 43. The
Na,S0y produced a preciplitate In all samples lncludfng those without gelatin =
the MgSO,, did not produce a visible precipitate. Neither of these salts had
any stabilizing affect - at 40°C, the virus lost more infectivity In the

presence of these salts than It did in the complete absence of the salts.

Since Nakamura and Ueno (1964) reported that 1 M Na S0y and 1.5 M MgSOy
protected JBE virus from fnactivation at 50°C but 6.1 M NagSOy and 0.15 M
MgSOy Inactivated the virus, we felt that perhaps our poor results with
these salts was because because the only concentratfon we had used (I M) was
not optimal for this measles virus. A serfes of doubling dilutlons of both
of these salts ranging from 1.0 M to 0.06 M were evaluated in rehydrating a
number of vials of the same dried virus preparation. The results of this
study, summarized in Table 44, demonstrate no stabllizlng actlon at any
dilutlon tested. The reason these salts do not show any measles virus
stabl1lzation, in contrast to the results published by Rapp, et al., Is
unknown. Perhaps the salts are Ineffective at 40°C although Rapp found
them to stablllze at 45°C. Repp studied the thermal stablllty of measles -

virus In relatively pure preparations while the virus preparations we have .
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:stydféd'wlth'these salts contaln a complex mixture of additives, Some chemical
reaéfioﬁs in this milleu may alter the stabllization which might otherwise

_operate.

A freeze=dry run of Mgso# and NapS0y comb!ned'wlth varfous other stabilizing
substances combined with measles virus was carried out., The solutions used

In this study are listed In Table U5. The results of Infectivity titration

of these samples held dried 5 days at 40°C, held dried 5 days at 40°C plus

12 hours at 40°C after rehydration; and after 12 hours at 40°C following
rehydration, with no storage of the dried virus at 40°C are summarized

In Tables 46=50, A1l of these results are expressed as virus lost In Table 51.
These results conflrm our earllier flndings that nelther MgSO, nor Na,SOy have

any measles virus stabillzing action under our experimental conditlons.

A comparison of the virus infectivity loss of the non-dried samples (freeze=-
controls) and the dried virus samples rehydrated with water is listed In
Table 52, It Is Interesting to note that with but three exceptions, all of
the non-dried samples lost more titer on storage at L4O°C for 12 hours than did
thelr non-dried counterparts. This suggests that the drying process may render
the virus more heat-labile. The three exceptions noted were with stabilizing
solutions 26, 27 and 28. The only thing these three samples have in common

Is the lack of 1% sodlum glutamate. Since those samples contalning Mgsoy, and
NaS0y, with equivalent composition with respect to the 1% sodlum glutamate are
more stable non=dried than drlea at 40°, and since without exception all non=
drled samples were more stable at 4°C than were the drlied samples, the absence
of the sodium glutamate in the three exceptional samples Is of questionable
slgnificance. This observatlon of the apparent decreased thermal stability

of dried virus when held at elevated temperature after rehydration has nevér

before been reported,
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It Is becoming Increasingly apparent that stabilization of the attenuated
meas les vaccine virus to meet the specifications required = to lose not more
than 1 log Infectivity after holding the dried virus for five days at 40°C
Plus 12 hours at 40°C after reconstitution = Is not as simple as It first
seemed. We had expected the. flrst phase = stabilizatjon of the dried virus
for a comparatively long time = to be the most difficult. We have made
significant progress in this aspect of our Investigations, however, and have
improved the stabllity of the dried virus significantly. A total of 101
different stabl1izing solutions mixed with virus and held at 40°C for five
days have had less than 1.0 logio PFU/ml loss. The best of these staP!llzing
solutions In this respect lost only 0,27 logyo PFU/m! and many other solutions
lost less than 0.5 logjg. We have not yet, however, been able to malntain a
satisfactory infectivity titer in Ffluid virus preparations for 12 hours at
40°C. While many of these virus=stabilizer combinations still maintain some
virus Infectivity after 5 days dried plus 12 hours fluld at 40°C, all of them
have lost more than 1.0 logjg PFU/m! In-toto. Our data actually suggest that
substances required to maintaln Infectivity upon freeze dryling and subsequent
storage In the dried state are Ineffectlve or even deleterious to the virus
after It Is rehydrated and held for the relatively short time of 12 hours at
Lo°c. cConversely, It Is possible that substances which are not effective In
stablllzing measles vilrus Infectivity In drying and In the dried state may
have appreciable stabl1izing action In the fluld state. To explore this, a
study of the Influence of a number of different additives to the fluld used
In reconstltuting the dried virus Is Indicated. Thls wes touched on In the
review of 1l{terature relevant to lon stabllization presented earlier In this
report. Some posslbl§ mechanisms for the stablllzing propertles of these
lons were discussed, Most authorities seem to agree that thermal ddmége;pf

viruses occurs by two mechanisms: protaln denaturation at hlgh”teﬁ@e?@ﬁhk&‘
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(43°-61°) and nuclelc acid destruction by chemical or enzyme action at lower
temperatﬁres. The protective effects of the Mg and Na salts are attributed

to an effect on fhe virus proteln, a role presumably played by gelatin

sucrose and sodfum glutamate as well. If the mechanism of this effect is
differents the stablllzing effects may be additive andiféggggizjmprove the <

stabflity of the virus.

Another approach to the stabilization of measles virus Infectivity Is the
evaluation of chelating agents as measles virus stabilizers. Nakumeura

and Ueno (1964) reported that sodium EDTA at concentrations of 0.002% to

0.2% stabilized Japanese encephalitis virus (JBE) RNA either when EDTA was

used as a homogenizing solution of infected mouse brain or when it was

added to the RNt extracted from virus to which no sodium EDTA had been

added. They speculated that the lablllty of JBE~RNA is not due to contaminatlon
of proteln which contained RNAase but due to heavy metal contamination of the

preparations.

Michalski, et al., 1976 studled the thermal inactivatlon of rables virus (an
RNA, ether sensitive myxovirus). They found that bovine serum protein
components In complex cell culture media stabilized virus at 56°C but.at
temperatures of < 37°, sodium tris (hydroxymethyl)=aminomethane (NT) buffer
containing ethylenedlamenetetraacetic acid (EDTA) (NTE) was a much more
efflcient stabllizer of virus Infectivity. Chelating agents EDTA and EGTA
ethyleneglycol=bis (B=aminoethy! ether) tetraacetic acld were equally efficlient
In protectlon of rables virus Infectlvity; the effect of each wa§ lost when
excess Ca++ was added, Biphaslc Inactivation curves were observed when the
virus was treated at 56° In dlluents other than PBS or NT buffer. It was
determined that diluents containing serum proteln constantly afforded some

protection to viruses heated at 56° whereas protefn-free diluents did not.
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At temperatures of 37° and below, NTE provided a remarkable degree of
protection whereas the protein contalning diluents based upon complex cell
culture medium were toéally inefficaclous. These results suggested that
different mechanisms of lnactlyat!dn are operative at 56° and at lower
physiological temperatures. A similar pattern detectable during heat
Inactivation of plcornaviruses was Previously suggested by: 1) observation
of two-component inactivation curves at high temperatures as reported by DImmock
(1967) and by Woese (1960); 2) stabllization of infectivity by treatment with
1 M Mg+, preferentially at high temperatures as reported by Dimmock (1967);
3) tnactivation of Infectivity of virus and nucleic acld at different rates
at high temperature but at simllar rates at lower temperature (Dimmock 1967);
and 4) fsolation of virus varfants whose stabi11ty was Increased at high
temperature but unchanged at physlological temperatures (Youngner 1957),
Dimmock 1967 has suggested that these data are compatable with virus Inactivation
primarlly by protein damage at the higher temperatures and by disruption of
nucleic acld at physiological temperatures. The mechanism by which EDTA protects
rables virus against heat Inactivation has not been determined. The chelating
effect may act by removing cations: 1) that act as necessary cofactors for
degradative enzymes, 2) that non-enzymlcally catalyze decomposition of virus
components, or 3) that polson endogenous virus enzymes necessary for replication.
Michalski, et al., do not know which ion Is critically important. The efficient
protective effect of EGTA, which allegedly complexes only Ca++ and Ba++ suggests
that Ca++ may be the critical catlon. Two contrary observatlons are: 1) the
fact that excess Mg++ greatly reduces the protective effect of EDTA desplte
the fact that Mg++ Is not capable of displacing Ca++ from EDTA, and 2) a slight
protective effect of EDTA and EGTA persists In the presence of 5 to 10 fold
excess concentratlons of Ca++, desplte the fact that these chelatlng agents

can complex catfons only on an equimolar ratlo. The latter observatlons suggest '

that the added Ca++ and Mg+t may ellminate the protective effect of the chelatlng;{
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agents by displacing some other cation, possibly present only in trace amounts.

qlchalskl reported that serum added to NT buffer protects rables virus at
physlological temperatures under conditions where serum added to cell culture
medium Is totally without effect. Serum and EDTA protective effects In NT
buffer are not additlve. The explanation of these observations is uncertaln,
It is possible that serum itself exerts a minor chelating effect or that serum
and EDTA may act In a similar non=specific virus=complexing manner In simple
diluents only. It Is apparent that addition of EDTA or EGTA to the virus=
suspending medlum in minimal concentrations may be expected to stabllize
effectively the Infectivity of rhabdoviruses undergoing storage for research
purposes or for use as live virus vécclnes. Addition of serum to NTE is
Indicated for preparations to be frozen. Cell culture medium is a poor milieu

for the manfpulation of rabies virus In the laboratory.

‘Another major approach to develop a more stable meas les vaccine may be more

productive. This would consist of the development of a system In which the

freeze=dried virus Is suspended In a water-free metabolizable vehicle for

e

administration without rehydration. Parke=Davls has the basic patent for this

.

(U:g:w;;¥ént 3,100,178). We have developed a new form of smallpox vaccine
based on this principle (Beardmore, 1973). We have obtained some very
encouraging prellminary date, as discussed on pages 8 and 9 of this report
and are In the process of evaluating peanut ofl under various condlitions.
Peanut ol does create some problems In the drylng process because of the
layering of the oll on the surface of the virus-stablllizer mixture with
'consequent Interference with the water removal, and distribution of the
virus In a homogenous suspension for unlform dosage. The use of Span and
Tween type compounds, along with cholesterol, will be evaluated to improve

~ the dispersion of the dried virus In this olly vehicle. The application of
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v;rlous concentratlons of glycerln will also be- studled ln thls regara. '
Since glycerine Is water-mlsclble, it would have: advantages over peanut
ofl, If It Is effective as a stabll!zer under these condltlons. Other NOR=
aqueous 1lquids which have potentlal In this regard are lsopropyl myrlstate,

sesame seed of 1 and propylene glycol.
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Stabl11zing Solutton
Number

10

TABLE 1

Compos!tion
sucrose 0.218 M (7.4%)
KaHPOy, 0.0071 M (0.123 g/100 ml;
KH2P04 0000376 M (0005 9/100 MI
sedlum glutamate 1%

human serum albumin 1%

One part of hydrolyzed gelatin (20%
Plus &4 parts of Solution |

distilled water 800 mi

KOH 005“8 g

l=glutamic acid 1.440 g

K2HPOy, 2,508 g (0.3135 g/100 m1)
KHa POy, 1,030 g (0.12875 g/100 m1)
sucrose 30%

One part of hydrolized gelatin (20%)
Plus 4 parts of Solution 3

distilled water 800 mi
KOH 0.548 ¢
I-glutamic acid 1.440 g
KoHPO), 2.508 g
kfPo; 1,030 g
human serum albumin 19
sucrose 30%

One part of hydrolized gelatin (20%)
plus 4 parts of Solution 5

distilled water 800 m1i
K2HPOY 2,508 g
KHo POy, 1.030 g
soslum glutamate 1%
sucrose 30%

One part of hydrolized gelatin (20%)
plus 4 parts of Solution 7

distilled water 800 mi
K2HPOy, 2,508 g
KH,POL, 1.030 g
soalum glutamate 1%
human serum albumin 1%
sucrose 30%

One part of hydrolized gelatin (20%)
Plus 4 parts of Solutfon 9

distilled water 800 m)
l-glutamic acld 1.440 g
K2HPOL, 2,508 g

KH, POy | 1,030 g



TABLF 2

Pru/ml (log 10)

‘ Stablll:ﬂ;g;olutlon | Nz:o;ir‘\ed ,D_-g-y-s__l_)rlegw-r_;i Held at -llg:C
] 4.0 3.61 2.69 2.48
2 3.95 3.55 2.84 2.49
3 3.98 3. 2.17 2.25
b 3.96 3.75 3.28 2.83
5 3.87 3.48 2.79 2.61
6 3.95 3.87 3.06 2.92
7 3.82 3.47 2.57 2.13
8 3.85 3.77 3.2] 2,95
9 3.74 3.60 2.91 2,63

10 3.89 3.72 3.06 3.00

—
-—

2,83 1.30 0 0



TABLE 2A
Stabllizing Solution PFU M1 _(log 10) Loss
Number Drying Dricd Virus
(See Table 1) Step 2 Days at 40°C 5 Days at L40°C

1 0.39 0.92 1.13
2 0.4o 0.71 1.46
3 0.57 1.24 1.73
L 0.21 0.47 1.13
5 0.39 0.69 1.26
6 0.08 0.81 1.03
7 0.35 0.90 1.34
8 0.08 0.56 0.82
9 0.14 0.69 0.97
10 0.17 0.66 0.72
H 1.53 1.30% 1.30%

% No Infective virus detectable

TN
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TABLE 3
S;:?L:;;Lng Frozen Days Drled Vlru:ng?; iloﬂblg) 12 Hours 40°C
Number (Not Dried O 2 3 4 _5  after Rehydration*
1 Lok 3.10 2,95 2,90 2,72 2.u4 0
2 k.06 3.23 3,05 3.22 2,78 2.1 0
6 L.o4 3.30 3,35 3.07 3.08 2,9 0
7 4.00 2,57 2,41 2,62 2,50 1,99 0
8 3.89 3.22 2.87 2.54 2,93 2.89 0
10 3.79 347 - - - 2,69 0

% Preparatlon reconstituted after storage at 40°C for flve days



Stablilizing
Solution
See le |

0 N o N

10

TABLE 3A

PFU/m! (log 10) Loss

m Di_%s Drle:i}i rus fli'_d @ 4o°c aftlzﬁrulggl:s.d’:g:(l:o
0.94 0.15 0.20 0.38 0.66 3.10%
0.83 0.18 0.01 0.45 1.12 3.23%
0.74 0 0.23 0.22 0.36 3.30%
1.43 0.16 0.00 0.07 0.58 2,57%
0.67 0.35 0.68 0.29 0.33 3.22%
0.32 - - - 0.78 347

% No Infective vlrus detectable



TABLE 4

. §‘§vliit'liinl.ﬂo. |

10

1

STABILIZING SOLUTION -

Composition
' sucrose 7%
xzﬂpol, 0.123%
0.051%
5lum glutamate 1%
human serum albumin 1%

One part of 20% hydrolized gelatin plus

L parts of Solutlion #1

sucrose 14%
HPO,+ 0.123%

Kﬁ 0.051%
ﬁlum glutamate 1%

human serum albumin 1%

One part 20% hydrolized gelatin plus
L4 parts of Solution #3

sucrose 30%
KHPOy, 0.051%
sodium glutamate 1%
human serum albumin 1%

One part 20% hydrolized gelatin plus
four parts Solution #5

sucrose 14%
KZHPOL', 003135%
KHoPOL 0.12875%
sodium glutamate 1%

human serum albumin 1%

One part 20% hydrolized gelatin plus
four parts Solution #7

sucrose 14%
KoHPOy, 0.123%

Kﬁ 0.051%
ﬁl um glutamate 1%

One part 20% hydrolized gelatin plus
four parts Solution #9

sucrose 14%
0.051%
élum glutamate 2%

human serum albumin 1%
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12

13

4

15

16

17

18

19

20

21

sucrose 149
KZHPOL, 0.123%
0.051%
soﬁium glutamate 3%
human serum albumin 1%
sucrose 4%
HPOJ, 0.123%
KBpo 0.051%
ﬁlum glutamate Ly,
human serum albumin 1%
sucrose 14%
KZHPou 0.123%
0.051%
aium glutatiate 5%
human serum albumin 1%
sucrose 14
KZHPou 0.123%
PO 0.051%
alum glutamate 1%
human serum albumin 2%
sucrose 14%
KoHPOL, 0.123%
KHoPOL, 0,051%
sodlum glutamate 1%
human serum albumin 3%
sucrose 14%
KoHPOy, 0.123%
KH2PO,, 0.051%
sodium glutamate 1%
human serum albumin Ly,
sucrose 14%
KzHPOL, 0.123%
0.051%
ﬁlum glutamate 1%
human serum albumin 5%
sucrose 14%
KZHPOL, 0.123%
POL 0.051%
soﬁlum glutamate 2%

One part 20% hydrolized gelatin plus
four parts Solution #19

sucrose 4%
HPOL} 0 . l 23%
Kﬁzpo 0.051%

sodt um glutamate 3%

Table 4 contlnued
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22

23

24

25

26

27

28

29

30

31

32

33

One part 20% hydrolized gelatin plus
four parts Solution #21

sucrose 149,
K2HP04 0.123%
0.051%

ﬁlum glutamate LA

One part 20% hydrolized gelatin plus
four parts Solutfon #23

sucrose 4%
HPO;+ 0.123%

Kﬁ 0.051%

sodlum glutamate 5%

One part 20% hydrollzed gelatin plus
four parts Solution #25

sucrose 14%
K2HP04 0.123%
POy, 0.051%
ﬁlum glutamate 2%
human serum albumin 2%
sucrose 14%
KZHPoz, 0.123%
0.051%
ﬁtum glutamate 3%
human serum albumin 3%
sucrose 14%
K2HPOL 0.123%
KH2POj, 0.051%
sodfum glutamate Ly,
human serum albumin Ly,
sucrose 149%
KzHPOL} 0.123%
0.I51%
alum glutamate 5%
human serum albumin 5%
sucrose 7%
KoHPOJ, 0.123%
KH2PO, 0.051%
sodlum glutamate 1%

One part 20% hydrollzed gelatin plus
four parts Solutlon #31

sucrose 7%
HPOu 0.123%

ke PO 0.051%

soalum glutamate 2%

human serum albumin 1%

Table 4 continued
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34

35

36

37

38

39

Lo

I

42

b3

sucrose T/
KahPo 0.123%,
0.051%

ﬁlum glutamate 3%

‘ human serum albumin 1%
sucrose 7%
K2HPOL, 0.123%
KH2P04 0.051%
sodium glutamate by,
human serum albumin 1%
sucrose 7%

HP01+ 0.123%
KR 0.051%
alum glutamate 5%
human serulm albumin 1%
sucrose 7%
HP04 0.123%
Kopo 0.051%
5lum glutamate 1%
human serum albumin 2%
sucrose 7%
HPOh 0.123%
R 0.051%
5lum glutamate 1%
human serum albumin 3%
sucrose 7%
HPOy, 0.123%
Kﬁzpo 0.051%
sodium glutamate 1%
human serum albumin Ly,
sucrose T
sodlum glutamate 1%
human serum albumin 5%
sucrose 7%
HPOu 0.123%
Kﬁ 0.051%
5lum glutamate 2%

One part 20% hydrolized gelatin plus
four parts Solutfon #i4)

sucrose 7%

HPO 0.123%
KBopo 0.051%
50 lum glutamate 3%

One part 20% hydrollzed gelatin plus
four parts Solutlon #43

Table &4 continued
“ 5] =



b5

L6

Ly

L9

50

51

52

53

54

55. .

sucrose Th
HPOL, 0.123%

KELPO 0.051%
%Ium glutamate L%

One part 20% hydrolized gelatin plus
four parts Solutlon #45

sucrose 7%
HPOu 0.123%

KELpO 0.0519%
ﬁlum glutamate 5%

One part 20% hydrollzed gelatin plus
four parts Solution #47

sucrose 7%
KZHPOL, 0.123%
0.051%
ﬁlum glutamate 2%
human serum albumin 2%
sucrose 7%
KZHPOz, 0.123%
0.051%
%Ium glutamate 3%
human serum albumln 3%
sucrose 7%
HPOL'_ 0.123%
Kﬁ 0.051%
sodlum glutamate Ly,
human serum albumin L3,
sucrose 7%
KZHPOLI, 00]23%
KH2POy, 0.051%
sodium glutamate 5%
human serum albumin 5%
sucrose 30%
KaHPOy, 0.123%
KH,, POy, 0.051%
sofum glutamate 1%

One part hydrollized gelatin (20%) plus
four parts Solution #53

sucrose 30%
HPOy, 0.123%

Kﬁ 0.051%
5lum glutamate 2%

human serum albumin 1%

Table 4 continued



56

57

58

59

60

61

62

63

65 -

Jesf

sucrose

, KzHPOl,

%lum glutamaxe
human serum aluumin

sucrose
KoHPOY,
KHoPOY,

~ sodlum glutamate

human serum albumin

sucrose
HPOy,
kAP
ﬁlum glutamate
human serum albumin

sucrose
HPOL,

Kﬁ POy
alum glutamate

human serum albumin

sucrose
KoHPOy,

KBpo

5lum glutamate

human serum albumin

sucrose
KZHP04

5Ium glutamate
human serum albumin

sucrose
KoHPO,

%lum glutamate
human serum albumin

sucrose

KoHPO
Kﬁ poi:

Ium glutamate

309%
0.123%
0.051%

3%

1%

30%.
0.123%
0.051%
k%

1%

30%
0.123%
0.051%
5%

1%

30%
0.123%
0.051%
1%

2%

30%
0.123%
0.051%
1%

3%

30%
0.123%
0.051%
1%

%

30%
0.123%
0.051%
1%

5%

30%
0.123%
0.051%
2%

One part 20% hydrollzed gelatin

four parts Solutlon #63

sucrose
HPO
Khopo;

aium glutamate

One part 20% hydrolized gelatin pluu
four parts Solutlon #65 S

30%

0,051%
3%

0.123%

plus

Table & contlnued
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67

68

69

70

71

72

73

74

.SUCI‘OSG

K,HPO
Khap0r

5lum ‘glutamate

30% .
0,123%
0,051%
bl

One ‘part 20% hydrollzed gelatin

four parts Solution #67

sucrose
HPO
Kﬁ“

lum glutamate

30%
0.123%
0,051%
5%

One part 20% hydrollzed gelatin

four parts Solution #69

sucrose
HPO
Roror

ﬁlum glutamate
human serum albumin

sucrose
KoHPOY,

KALPO

5lum glutamate

human serum albumin

sucrose

KzHPO
Poﬁ
5Ium glutamate

human serum albumin

sucrose
HPO
opo

ﬁlum glutamate
human serum albumin

30%
0.123%
0.051%
2%

2%

30%
0.123%
0.051%
3%

3%

30%
0.123%
0.051%
A

LA

30%

0.123%
0.051%

5%

5%

Table 4 continued
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plus



TABLE 5

PFU/M1_(log 10)
Time Held at 40°C

Stabilizing Solution Dried 5 Days

Number e Dried Plus 12 Hours ,
(See Table 4) 0 Days 5 Days After Rehydration
1 3.86 2.92 t 0
2 4,01 2.62 0
3 3.69 2,96 0
L 3.87 3.13 0
5 3.73 3.07 0
6 k.o 3.25 2,25
7 3.82 2.85 0
8 3.94 3.06 0
9 3.67 ~ 3.04 0
10 4.03 3.19 0
11 3.88 3.07 0
12 374 3.06 0
13 3.93 2.95 0
14 3.92 2.90 0

Assay Controls
PBS (Frozen, not dired): 3.03

PBS Drled: 0

PBS Dried, 5 days at 40°C: 0

PBS Drled, 12 hours at 40°C after Rehydratfon: 0
Measles Ref, Std.: 6,01



TABLE 6

Stabl11zing Solutton PFU/m1_(log 10)
(izzm'?:t!;le 4 Days Drlig_Vlrus ﬂe_ldLat ho°c
15 3.77 3.00
16 - 3.83 2,86
17 3.77 2,89
18 3.83 2.95
19 | 3.87 2,98
20 k4,06 3.16
21 3.79 2.49
22 4,06 3.1
23 3.76 2.91
2h 3.77 3.10
25 3.57 2,33
26 3.96 2.89
27 3.46 2.71

Assay Controls

PBS (Frozen, not dried): 3.20
PBS Dried: 0

PBS Dried 5 days at 40°C: 0
Measles Ref, Std.: 6.01



Stabllizing Solution
(seb Toble &)
28
29
30
31
32
33
34

35
36
37
38
39
Lo
Y
L2

Assay Controls

TABLE 7

PFU/M1 (log 10)

TIme Held at 40°C

Dried
0 Days Days
3.87 2.77
3.71 2.42
3.88 2.67
3.31 1.79
3.76 2,51
3.51 2.26
3.60 2.19
3.69 2.10
3.66 1.87
3.80 2,30
3.65 2,21
3.67 2.37
3.78 2,43
3.19 1.17
3.9 2.05
1.60

PBS (Frozen, Not Drled):

PBS Dried: 0.69

PBS Dried, 5 days at 40°C: 0

Dried 5 Days
Plus 12 Hours

After Rehydration
0

0
0

o ©O o

o O

PBS Dried, 12 Hours at 40°C after Rehydration: ©

Measles Ref, Std.:

5.9

=57



TABLE 8

PFU/M1 (log 10)
Time Held at 40°C

Stabll&:;ggrSolutlon Dried g:z:dlg 33ﬁis
(See Table 4) 0 _Days 5_Days After Rehydration
L3 3.48 1.65 | o
Ll 3.96 2.4 0
45 3.26 1.95 1.65
ke 3.85 2.b5 1.87
47 3.33 2.10 0
48 3.81 2.32 0
49 3.72 2.59 0
50 3.75 2.56 0
51 3.75 2,61 0
52 3.64 2.58 0
53 3. 2,68 0
54 3.94 3.15 0
55 3.56 2.37 0
56 3.59 2,43 0
57 3.64 2.63 0

Assay Controls
PBS (Frozen, not dired):- 1.84

PBS Dried: O

P8BS Dried, 5 days at 40°C: ©

PBS Drled, 12 hours at 40°C after Rehydration: 0
Measles Ref. Std.: 5.90



TABLE 9

PFU[MI ‘lgg 10!
~Jime Held at 40°C

Stabl11zing Solution ' Dried 5 Days
Number Dried Plus 12 Hours
(see Table 4) 0 _Days 5 Days After Rehydratlon

58 3.83 2.79 1.17 |
59 3.82 2,95 1.11
60 3.9 2,95 1.25
61 3.57 2,90 0

62 3.89 2.73 0

63 3.79 2.71 0

64 3.92 3.23 1.81
65 3.92 3.00 ]

66 3.83 3.21 111
67 3.74 3.00 0

68 3.75 3.01 1.36
69 3.62 2.61 0

70 | 3.45 2.95 1.0
71 3.47 2.65 0

72 3.77 2.75 0

Assay Controls

PBS (Frozen, not drled): 3.31

PBS Dried: <I,0

PBS Drled, 5 days at 40°C: ¢

PBS Drled, 12 hours at 40°C after Rehydration: 0
Measles Ref, Std.: 5,96
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TABLE A
SUMMARY OF VIRUS LOSS FROM DATA IN TABLES 5-9
PFU/m] (log 10) Loss

Dried
Stabillzing Solution Dried 5 Days 40°C Plus
(see Table 4) 5 Days L0°C 12 Hours 40°C after Rehydratlion

] 0,94 3.86
2 1.39 4,01
3 0.73 3.69
L 0.74 3.87
5 0,66 3.73

6 0.75 1,75%%
7 0.97 3.82
8 0.88 3.94
9 0.63 3.67
10 0.84 4,03
11 0.81 3.88
12 0.68 3.7h4
13 0.98 3.93
14 1,02 3.92
15 0.77 N.D.
16 0.97 NeDe
17 0.88 N.D.
18 0.88 NeD.
19 0.89 NeDe
20 0.90 N.D.
21 1.30 NeD.
22 0.95 NeD.
23 0.85 N.D.
24 0.67 N.D.
25 1.24 N.D.
26 1.07 N.D.
27 0'75 N.D.
28 1.10 3.87
29 1.29 3.71
30 1.21 3.88
31 1.52 3.31
32 1,25 3.76
33 1.25 3.51
34 1.41 3.60
35 1.59 3.69
36 1.79 3.66
38 .44 3.65
39 1.30 3,67
ko 1.35 3.78
I 2,02 3,19
] 1.89 3.94
L3 1.83 3,48
bk 1.52 3,92

Ls 1.31 1.61%%

L6 1,40 1,98



TABLE 9A (cont'd)

SUMMARY OF VIRUS LOSS FROM DATA IN TABLES 5 - 9

PEU/ml_(log 10) Loss

Stabl1izing Solution Drled
(see Table 4) 5 Days L0°C
L7 1.23
L8 1.49
L9 1.13
50 1.19
51 114
52 1.06
53 0.73
54 0.79
55 1.19
56 1.16
57 1.01
58 1.04
59 0.87
60 0.95
61 0.97
62 1.16
63 1.08
6L 0.69
65 0.92
66 0.62
67 0.74
68 0.74
69 1.01
70 0.50
71 0.82
72 1.02

Dried
- 5 Days. 40°C Plus

12 Hours 40°C after Rehydrat{on*

3.33
3.81

o ] 19k
92

% Titer indicated Is loss of all original infectlvity unless

Indlicated otherwise

% Not all virus Infectlvity lost

- 6] -



Stabl1lizing Solution
Number

. (See Table 4)

73
74
3
4
5
9
13
14
25
27

Assay Controls

TABLE 10
| :géM:eiéfg;lg%ﬁf
Dried
0 Days 2.Days . 12 Hours after Rehydration
3.79 - 1.83
3.77 - 2.18
3.05 2.1 0.69
3.46 2.59 1.25
3.11 2,84 1.36
3.19 2,43 0
3.46 2,57 1.0
3.07 2,61 0.90
3.29 2.15 0
3.19 2,43 0

PBS (Frozen, not died):

PBS (Dried, 5 days at 40°C): 0

Measles Ref., Std.:

5.88



TABLE 10A
PFU/m) (log 10) Loss

Stahli1izing Solution Dried 12 Hours BO°C
(see Table &) 5 Days 40°C after Rehydration
73 N.D. 1.96
7 N.D. 1.59
3 0.64 2,36
4 0.87 2,21
5 0.27 1.75
9 0.76 3.19%
13 0.89 2.46
14 0.46 2,17
25 1.4 3.29%
27 0.76 3.19%

% No infective virus detectable



Table 11

Solutions Listed In Table &4

pH of Stablillizing Solutions

Solutions Listed In Table |

Solutlion
Numbers

Solution
Numbers

Solution
Numbers

eH

88880000000888800814-48888800800880’488&.
A0 \O O 0 WO MO MO 766666 7666666666 7666 76666666

80804000800
66666676667

—NMIFNOMNOOND —
—
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TABLE 12
PFU/ml_(log 10)
Stabl1izing Dried 5 Days Dried 5 Days
Solution Lo°C Plus ho°c Plus
Number Rehydrating Dried 12 Hours 40°C 12 Hours 4°C
(See Table 4) Fluld 0 Days 40°C  after Rehydration  after Rehydration
Buffer - 1.30 2,65
Buffer - 1.1 -
10 Ho0 3.61 1.0 2.73
Buffer - 1.30 2.80

Assay Controls
PBS (frozen, not dried): 2.45

Measles Ref., Std.: 5.88



Stabilizing
Solution

(See Table L)

6

10

Rehydrating
Fluld

HoO
Baffer

Hy0
Bhffer

H,0
Baffer

TABLE 12A

__PFU/M1_(log 10) Loss
Held 5 Days at 40°C Dried
Plus an Additional -12 Hours

after Rehydratlon at

Lo°c
2,88
2.48

2.87
2,45

2.6]
2,31

k¢

1.14
1.13

0.89

0.88
0.81

- 66 -



Stabi1lzing
Solution
Number

{See Table 4)

TABLE 13

PFU/m) (1og:10) -

=67

Rehydrating
Fluid

Drled 0 Time at
Lo°c

a0°c

2

10

13

20

21

H20
Buffer

Hy0
Baffer

Ha0
Buffer

Ho0
Buffer

Ha0
Buffer

H,0
Baffer

H20
Buffer

H20
Buffer

Assay Control
Measles Ref., Std,: 6.03

3.
3.
3.9
3

3
3.
3

3

3

3
3.6
3.6
3

3

3

3

71
58

1.63
1030

1.60
1,81

1.68
2,10

1.0
l 036

1.51
1.51
0.90
1.0

e

1
L

.
(22352
| WS

1
1.

k¢

3.7h4
3.58

3.72
3.56

w W
T o
LE -

L]
o VIO, Ui\
— AV I )

AV AV W W w W W w W W
L

L ]
W
o

5
© o

Rehydrateduzirus Held 12 Hours at
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TABLE 14
Stabilizing
Solutlion PFU/m!_(log 10)
Number Rehydrating Dried O Time at Rehydrated Virus Held 12 Hours at
(See Table 4) Fluld Lo°c Lo°c 4o
Buffer 3.90 2.40 3.83
Buffer 3.74 1.92 3.65
24 HZO 3.87 2,11 3.78
Buffer 3.90 2.44 3.77
26 Hg0 3,70 1.74 3.68
Buffer 3.69 2.07 3.65
29 H20 3.73 0 3.64
Buffer 3.73 1.36 3.51
32 Ho0 3.55 1.83 3.4
Buffer 3.47 1.69 3.42
Buffer 3.62 1.51 3.29
37 Hy0 3.45 0 3.24
Buffer 3.50 1.51 3.23

Assay Control

Measles Ref. Std.: 5,98



Stabllizling
Solution
Number

(See Table 4)

L2

L

h6

L8

54

56

57

TABLE 15

PFU/M1 (log 10)

-~ 69 -

Rehydrating Dried O Time at
Fluid ho°c
Ho0 '3070
Buffer 3.82
Ho0 3.77
BUffer 307'
Ha0 3.51
Buffer 3.59
Buffer 3.66
Buffer 3.68
Buffer 3.58
BUffer 305“’
Buffer 3.57

Assay Contro]

Measles Ref. Std.: 5.85

Rehydrated Virus Held 12 Hours at

Lo°c Loc

1.87 3.52
2,30 3.60
1.72 3.47
2.07 3.69
2,09 3.60
2-30 3063
2.07 3.64
2.40 3.45
2.17 3.52
1.02 3.62
1.83 3.27
2.12 3.40
1.60 3.22
2.17 3.42
1.11 3,40
1036 3023



TABLE 15A
SUMMARY OF VIRUS LOSS FROM TABLES 13 = 15

Stabllizing PFU/MI lo..lb.‘Lossiv
Solution . Rehydrating Rehydrated Virus Held 12 Hours at
(see Table 4) Fluld ho°c Lo

2 H 0 2,23 0.12
Buffer 2.34 0.06

4 H20 2.30 0.18
Buffer 1.9 0.19

Buffer .69 0.30

8 Hy0 2.66 0.08
Buffer 2.33 .0.08

10 H20 2,20 0.17
Buffer 2.17 0.25

Buffer 2.68 0.13

20 HoO 2,01 0.18
Buffer 2.24 0.20

Buffer 1.95 0.22

22 Ho0 1.90 0.13
Buffer 1.50 0.07

23 Hg0 2,16 0.04
BUffer 82 0.09

24 H,0 1.76 0.09
Buffer 1.46 0.13

26 Ha0 1.96 0.02
BUffer I 062 000“’

Buffer 2.37 0.22

32 H 0 1.72 0.14
Buffer 1,78 0.05

36 HoO 2,57 0.07
Buffer 2.1 0.33

37 Hp0 3.h5% 0.21
Buffer 1099 0027

% No detectable Infective virus



TABLE 15A (cont'd)
SUMMARY OF VIRUS LOSS FROM TABLES 13-15

Stabilizing PFU/M1 (1og 10) loss
Solution Rehydrating Rehydrated Virus Held 12 Hours at
(see Table L) Fluld Lo°¢ bec
42 Hg0 1.83 0.18
Buffer 1.52 0.22
Buffer 1.64 0.02
3 Hy0 1.42 0
Buffer 1.29 0
48 Hy0 1,64 0.07
Buffer 1.26 0.21
54 HZO 1.59 0.24
Buffer 1,76 0.06
Buffer 1.46 0.18
Buffer 1.37 0.12
64 Hy0 2.45 0.16
Buffer 2,21 0.34
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TABLE 16
PFU/MI_(1og 10)
Stabilizing . Dried 5 Days
Solutlon at 40°C Plus
Number Rehydrating Dried 0 Time at Dried 5 Days at 12 Hours L0°C
[See Table 4) Fluid , ho°c Lo°c after Rehydration
Hp0 3.74 2.54' 0.47
L Buffer 3.79 2,56 0.69
5 Ho0 3.59 2.53 0
6 Buffer 3.85 2,98 1.39
9 Ho0 3.51 2.35 0
10 Buffer 3.9 2.77 0.69
12 H20 3.7 2,44 0
15 Hg0 3.32 2.76 0
18 H20 3.55 2,60 0
19 HoO 3.50 2.40 0
20 Buffer 3.91 2.85 0.69
23 HoO 3.54 2.23 0.47
24 Buffer 3.63 2.79 1.17
27 HoO 3,27 2,30 0
Dried Virus Not Held at 40°C
Rehydrated Virus Held at
e ke
66 H,0 3.36 1.79 2,91
pliffer 3.35 1 2.8

Assey Control
Measles Ref. Std.: 6.02
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TABLE 16A
PFU/M1 (Log 10) Loss
Drled = 5 Days 40°C
Stablllzing Original Rehydrating Dried Plus 12 Hours 40°C
solution pH Fluild 5 pays 4o°c after Reconstitution
3 6.8 H20 1020 3027
4 6.0 Buffer 1,23 3.10
5 6.8 H20 1.06 3.59%
6 6.0 Buffer 0.87 2.k6
9 7.0 Hp0 1.16 3.51%
10 6.0 BUffer 1013 3.2]
12 6.8 Ho0 1,27 3.71%
]5 6.8 H20 0056 3.32*.
18 6.8 H20 0.95 3.55%
19 6.8 H20 ].]0 3.50*
20 6.0 Buffer 1.06 3.22
23 6.4 H20 1031 3007
24 6.0 Buffer 0.84 2,46
27 6.8 H,0 0.97 3.27%
PFU/M! (log 10) Loss
after 12 Hours at
wee  ouc
66 6.0 H,0 1.57 0.45
66 6.0 BUffer 2.24 0050

% No Infectlve virus detectable
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TABLE 17
PFU/MI_(log 10):
Stabl1izing Dried 5 Days
Solutfon Dried Dried at 40°C Plus
Number 0 Time at 5 Days at 12 Hours. 40°C
(See Table 4) Lo°c ko°c after Rehydration
b 3.78 2,29 0.90
8 3.70 1.86 1.17
10 3.58 2.39 1.0
20 3.59 1.94 0.69
23 3.57 .n s loughed
L6 3.51 1.36 0
54 3.62 2,27 1.30
64 3.u4 1.87 0.47
66 3.28 2.09 0.90
70 3.44 2.18 0.47
71 3.54 1.65 Sloughed
Attenuax®
Lot 1608v
(Exp. date
June 21, 1977)  2.75 1.89 0
Assay Control
Measles Ref, Std.: 5.87

Dried 5 Days
at 40°C Plus
12 Hours. 4°C

after Rehydration
1.76

1.76
1.94
1.77
1.74
1.25
2.50
2.44
2.03
1.94
1.63

Not Done

* A1l samples rehydrated with buffer except the Merck Sharp & Dohme
vaccine which was rehydrated with fluld provided by Merck for this

purpose



TABLE 17A

PFU/MI_(log 10) Loss
Held 5 Days at L0°C Dried
Plus an Additional 12 Hours

Stabilizing Original Dried after Rehydration at
Solution pH 5 Days at L0°C Lo°c ke
b 6.0 1.49 2,88 2.02
8 6.0 1.84 2.53 1.94
10 6.0 1.19 2,58 1.64
20 6.0 1.65 2,90 1.82
23 6.4 2,46 - 1.83
L6 6.0 2.15 3.51% 2,26
54 6.0 1.35 2.32 1.12
64 6.0 1.57 2.97 1.00
66 6.0 1.19 2,38 1.25
70 6.0 1.26 2,97 1.50
71 6.4 1.89 - 1.91
ot Toon  Dndteotes e
or
Determined

% No Infective virus detectable



TABLE 18

s§§?51:3;09 12 Hours at Temperature after Rehydration
GeeTebled) o Tmescloc fluid R
2 3.82 2 3.55 1.87
5 3.69 5 3.52 1, 17%%
13 3.62 13 3.52 S loughed
4 3.70 4 3.4 Sloughed
21 3.66 21 3.43 s loughed
45 2.9 s 2,72 Ot
L6 3.65 L6 3.45 2,02
558 3.55 58 3.52 S loughed
59 3.48 59 3.48  Sloughed
560 3.53 60 3.4 Sloughed
64 3.53 64 3.23  Sloughed
66 3.45 66 3.21  Sloughed
68 3.52 68 3.39  Sloughed
i70 3.46 70 3.18 S loughed
73 3.45 73 3.43 1,06t
Th 3.59 74 3.55 S loughed

Assay Control
Measles Ref, Std.: 5.94

% All samples assayed at O time 4O0°C were rehydrated with Hy0

*% Cell toxicity; approximately 75% cell sheet destroyed
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TABLE 19
PFU/ml_(log 10)
Proportion Stabllizing b Hours at AL°C
Stabl1izlng Solutfon Solution to 20% Hydrolized 18 Hours plus
(See Table 4) Gelatin Adjusted to pH 7.4  pH at 4°C 12 Hours at 40°C
PBS 3+1 6.8  3.26 0.90
2+] 7.0 3.4 1.30
1+1 7.0 3.13 0
142 7.2  3.23 0
143 7.2 3.10 0
High phosphate 3+1 6.8 2,9 2,00
buffered solution 2+] 6.8 2.91 <1.00
(0.615% KoHPO, + 1+1 7.0 3.19 <1.00
0.255% KHaPO,) 1+2 7.0 2,79 <1,00
143 7.0 2,9 1.90
9 3+] 6.8 3,57 <1,00
2+ 7.0 3.30 <1.00
1+1 7.2 3.46 <1.00
142 7.2 3.30 <1.00
143 7.2 3.37 <1.00
19 3+ 6.8 3.60 2.30
2+] 6.8 3.52 1.90
1+1 7.0  3.49 2.36
142 7.0 3.49 1.47
143 7.0 3.42 1.90
21 3+1 7.0 3.50 1.90
2+1 7.0 3.51 1.90
141 7.0 3.54 1.47
142 7.2 3.4 1,90
143 7.2  3.33 <1.00

Assay Control

Meas‘es Ref. Std.: 6.05



Stabllizing Solutlon
(See Table 4)

23

25

31

I

43

Assay Coptrol

Measles Ref, Std.:

Proportion Stabl1izing
Solution to 20% Hydrollzed

Gelatin Adjusted to pH 7.4

6.02

TABLE 20

3+]
2+1
1+1]
1+2
143

3+]
2+]
141
142
143

3+1
2+]
1+1
1+2
143

3+]
2+]
1+1
142
143

3+
2+]
141
142
143

H

"O

SN OVOY
Y e o o

wwg\o\m
OO o000

b e K2 X 2% Y
.

O® PO

OVl O
o ) e o o o o
NN O 00O NOO®

\l\x\ng\a\ ~i~g
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PFU/m! (log 10)

18 hours
at 4°C
3.55
3.50
3.48
3.64
3.67

3.55
3.5k
3.49
3.ko0
3.46

3.40
3.23
344
341
3.41

3.52
3.4k
3.28
3.28
3.36

3.31
3.45
3.47
3.33
3.30

6 Hours at 4°C
. Pplus
12 Hours at 40°C
2 '36
2.30
1.69
'oll'7
1047

|.90
1.47
1.47
<1.03
<1.00

<1.00
<1.00

1.69
<l -00
<1.00

<1,00
<1,00
<1.00
<1.,00
<1.00

<1.00
<1.00

1.47
<1.00
<1.00
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TABLE 21
PFU/m! (log 10)
Proportion Stabilizing 6 Hours at 4°C
Stabjlizing Solution Solutfon to 20% Hydrollzed 18 Hours plus
(See Table 4) Gelatin Adjusted to pH 7, pH at be°c 12 Hours at 40°C
L5 3+1 6.4  3.47 1.36
2+1 6.8 3.48 1.25
1+1 6.8 3.59 <1.00
1+2 7.2 3.6 0.00
143 7.2 3.47 0.00
L7 3+] 6.4  3.35 1.54
2+1 6.4 3.56 1.25
141 6.8 3.48 1.25
142 7.0 3.57 1,11
143 7.2 3.57 0.47
53 3+1 6.8 3.40 0.00
2+1 7.0 3.49 1.65
1+1 6.8 3.27 0.00
142 7.0 3.37 0.00
143 7.2 3.38 0.00
63 3+] 6.4 3.43 1.39
2+1 6.8 3.49 1.69
1+] 7.0 3.47 0.00
1+2 7.2 3.28 1.00
143 7.0 3.31 0.47
65 3+1 6.8 3.40 1.72
241 6.8 3.35 1.63
1+1 6.8 3.46 1.00
142 7.0 3.30 0.00
1+3 7.2 3.34 0.00
67 3+] 6.4 3.39 1.65
2+] 7.0 3.40 1.39
1+1 6.8  3.38 0.90
142 7.2 3.37 1.00
143 7.2 3.44 1.00
69 3+] 6.4 3.4 1o7k
241 7.0 3.29 1.63
1+1 6.8 3.35 144
143 7.2 3.48 1.39

ssay Control

Measles Ref. Std.: 6.03



TJABLE 21A

Loss in Titer of RehydratedVirus Held 12 Hours at 40°C
In Comparison with Rehydrated Virus Held Only at Refrigerature Temperature
(Calculated from Data Presented in Tables 19, 20 and 21)

PFU/ml_(log 10)

Proportion stabilizing Loss In titer of rehydrated
Stabilizing Solutlon solution to 20% hydrolized virus held 12 hours at 40°C In
(See Table 4) gelatin adjusted to pH 7.4 comparison with refrigerated virus
PBS 3+1 2,36
1+1 3.13%
142 3.23%
143 3.10%
High phosphate buffered 3+] 0.94
solutlon (0.615% KaHPOy, 2+1 2,91
+ 0.255% KH,POy,) 1+1 3.19%
142 2,79%
143 2.09
9 3+] 3.57%
2+1 3,30
1+1 3.46*
l+2 3030*
143 3.37%
19 3+1 1.30
2+1 1,62
141 1.13
142 2,02
143 . 1.52
21 3+1 1.60
2+1 1.61
141 2,07
142 1,51
143 3.33%
23 3+] 1.19
2+1 1.20
1+1 1.79
142 2,17
143 2,20
25 3+ 1.65
2+] 2,07
141 2.02
142 3.40%

1 +3 3. L6



TABLE 21A
(cont'd)
PFU/m]_(log 10)
: Proportion stabilizing Loss In titer of rehydrated
Stabi11zing Solution solution to 20 hydrolized virus held 12 hours at 40°C in
(See Table 4) gelatin adjusted to pH 1.4  comparlson with refrigerated virus
2+1 3.23%
1+1 1.75
1+2 301”*
143 341
4 3+] 3.52%
2+1 3. bk
1+1 3028*
142 3.28%
143 3.36%
L3 3+1 3.310%
241 3.5
1+] 2,00
142 3.33%
143 3.30%
bs 3+ 2,11
2+] 2.23
1+] 3.59%
142 3.46%
143 347
47 3+1 1.81
2+1 2,31
1+1 2,23
142 2.46
143 3.10
53 3+] 3.40%
2+] 1.84
1+] 3.27%
142 3.37%
143 3.38%
63 3+1 2,04
2+] 1.80
1+] 347
142 2,28
143 2,84
65 3+ 1.78
' 2+] 1.72
1+] 2,46
142 3.30%
143 3.34%
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TABLE 21A -
(cont'd)
PFU/m!_(log 10)

, Proportion stabllizing Loss in titer of rehydrated
Stabl1izling Solutlon solution to 20% hydrollzed virus held 12 hours at 40°C in
.(see Table 4) gelatin adjusted to pH 7.4  comparison with refrigerated virus

67 3+ 1.74
2+ 2,07
141 2,L8
142 2.37
143 2,44
69 3+1 1.67
2+1 1,66
1+1 1,91
142 1.90
143 2.09

% No Infectlve virus detectable



Solutfon
No.

——————

O O OV W A e
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TABLE 22
Stabilizing Solutlons

(A11 solutions contaln 0.31% KoHPOL and 0.129% KHoPOL)

Sucrose

{Percent)

50
50

Sodlum Glutamate
(Percent)

\ﬂ-P\A’N—-W-PWN—U'IPWN—\N-PWN—'U'IPWN—'U'IJ?WN—\h-PWN—\h-PUNd\H-F'WN—

20% Hydrolized Gelatin
(Proportion of Sucrose =~
Sodium Glutamate -
POy Buffered Solution

to Gelatin)

OO0 OO0

L+
L+
4+
L+
3+]
3+]
3+]
3+1
3+
2+1
2+1
2+1
241
2+]
141
141
1+1
1+1
141
142
142
142
142
142
143
143
143
143
143
£,
1+
1+
1+
1+

[~ N-X-N-¥.]



Table 22 contlnued

-81’-
20% Hydrolized Gelatin
(Proportion of Sucrose =
Sodlum Glutamate =

Solutlon Sucrose Sodium Glutamate POy, Buffered Solution
No. (Percent) ‘(Percent) to Gelatin)
L6 Lo | b4+1
Ly Lo 2 b+
48 Lo 3 L]
49 Lo L L+
50 Lo 5 L+
51 Lo 1 3+
52 Lo 2 3+1
53 Lo 3 3+1
54 Lo L 3+]
55 Lo 5 3+1
56 Lo 1 241
57 Lo 2 2+1
58 Lo 3 2+1
59 Lo 4 2+1
60 Lo 5 2+]
61 4o 1 141
62 Lo 2 14]
63 Lo 3 141
6l 4o 4L 1+1
65 40 5 14]
66 Lo ] 142
67 Lo 2 142
68 4o 3 142
69 Lo L 142
70 Lo 5 142
71 Lo 1 143
72 Lo 2 143
73 4o 3 143

74 4o L 143
75 Lo 5 143
76 Lo ] 1+
77 Lo 2 1+
78 Lo 3 1+
79 Lo 4 1+
80 Lo 5 1+
81 30 1 0
82 30 2 0
83 30 3 0
8l 30 L 0
85 30 5 0
86 30 1 L)
87 30 2 L+
88 30 3 Lt
89 30 b L+
90 30 5 L+



Table 22 contlnued:

-85 =
20% Hydrollzed Gelatin

(Proportlon of Sucrose =
Sodium Glutamate =

Solution Sucrose Sodlum Glutamate POy Buffered Solution
No, (Percent) (Percent) . to Gelatin)
91 30 ] 3+1
92 30 2 3+l
93 30 3 3+1
9k 30 b 3+]
95 30 5 3+1
96 30 ] 2+)
97 30 2 2+1
9y 30 3 2+1
99 30 b 2+1
100 30 5 2+1
101 30 1 1+1
102 30 2 1+1
103 30 3 1+1
104 30 L 14
105 30 5 1+1
106 30 1 1+2
107 30 2 142
108 30 3 142
109 30 L 142
110 30 5 142
(AR 30 ] 143
12 30 2 143
113 30 3 143
114 30 b 143
115 30 5 143
116 30 ] 1+
117 30 2 144
118 30 3 1+
119 30 L 1+
120 30 5 1+
121 20 ] 0
122 20 2 0
123 20 3 0
124 20 L 0
125 20 5 0
126 20 ] ks
127 20 2 L
128 20 3 b+
129 20 L L4
130 20 5 b+
131 20 1 3+1
132 20 2 3+1
133 20 3 3+l
134 20 L 3+
135 20 5 3+
136 20 ] 241
137 20 2 2+1
138 20 3 2+]
139 20 5 2+1
140 20 5 2+)



Table 22 contlnued

20% Hydrollzed Gelatin

(Proportion of Sucrose =
Sodlum Glutamate =

Solution Sucrose Sodlum Glutamate POy Buffered Solution
No, . (Percent) (Percent) to Gelatin
14 20 | 1+1
142 20 2 141
143 20 3 1+1
14 20 b 1+1
145 20 5 1+1
146 20 1 1+2
147 20 2 142
148 20 3 142
149 20 L 142
150 20 ) 142
151 20 1 143
152 20 2 143
153 20 3 143
154 20 L 143
155 20 5 143
156 20 1 1+
157 20 2 1+
158 20 3 1+
159 20 L 1+
160 20 5 144
161 10 1 0
162 10 2 0
163 10 3 0
164 10 b 0
165 10 5 0
166. 10 1 L+
167 10 2 b4
168 10 3 L+l
169 10 b L+1
170 10 5 b+l
171 10 1 3+1
172 10 2 3+1
173 10 3 3+]
174 10 b 3+1
175 10 5 3+
176 10 1 2+1
177 10 2 2+1
178 10 3 2+1
179 10 b 2+1
180 10 5 2+1
181 10 ] 141
182 10 2 141
183 10 3 141
184 10 b4 141
185 io0 5 141
186 10 1 142
187 10 2 1+2
183 10 3 142
189 10 b 142
190 10 5 142



Table 22 contlinued

- 87 -
20% Hydrolized Gelatin
(Proportion of Sucrose =
Sodium Glutamate =

Solution Sucrose Sodium Glutamate POy Buffered Solution
No, (Percent) (Percent) to Gelatin)
191 10 ] 143
192 10 2 143
193 10 3 143
194 10 b 143
195 10 5 143
196 10 ] 144
197 10 2 1+4
198 10 3 1+
199 10 L 1+
200 10 .5 144



TABLE 23
PFU/MI (log 10)
Time Held at LO°C
Stabl1izing Solution 5 Days (Dried) Plus
(See Table 22) 0 Days (Dried) 12 Hours after Rehydration

| 0.00 0.00

2 2.39 0.00

3 2.65 0.00

A 2,81 0.00

5 3.06 0.00
21 2,57 0.00
22 2,51 0.90
24 2,95 0.00
25 3.01 0.00
26 3.06 0.00
27 2,86 0,00
29 2.92 0.00
30 2.44 0.00
31 2.39 0.00
32 2.79 0.47
33 2,92 0.00
34 3.76 0.00
35 2,95 0.00
36 2,51 0.00
37 2,44 0.00
38 2,63 0.00
Lo 2.7 0.00

Assay Control
Measles Ref., Std.: 5.51



Stabilizing

TABLE 24

- 89 <

PFU/M1 (log 10)
Time Held at 40“C

Solution

(See Table 22) 0 Days (Dried)

81

82

83

84

85
101
102
103
104
105
106
107
108
109
110
111
112
113
14
115
116
117
118
119
120

Assay Control

3.06
3.3k
3.35
3.28
3.18
3.30
3.50
3.17
3.48
3.18
3.27

*® & @ & o o o e * o o o
WAN =N —=weOOWNWW

NhwWwwpwwwwWwwww
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12 Hours after Rehydration
with Water with S.M. 199

0.47

1.30

0.90

Measles Reference Standard: 5.92

0.47

0,00

1.30

5 Days (Dried) Plus 12 Hours
after Rehydration with Water

0.00
0.00
0.00
1036
0.00
0.90
0.69
1.39
0.47
0.47
0.00
1.36
0.69
0.69
0.00
0.00.
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00



PFU/MI (log 10)
Time Held at LO°C

TABLE 25
Stabl1lzing Solution
‘ (See Jable 22) 0 Days (Drled)
4 3.23
42 3.01
43 3.19
Ly 2.90
s 3.28
61 3.48
62 3.49
63 3.07
6k 3.29
65 3.16
66 3.19
67 3.27
68 3.32
69 2.97
70 3.27
71 3.13
72 3.31
73 3.34
74 3.06
75 3.09
76 3.32
77 3.30
78 3.29
79 2,92
80 3.02
101 N.D.
101 N.D.

Assay Control
Measles Ref. Std.:

5.94

5 pays (Dried) Plus
12 Hours after Rehydration

0.00
0.00
0.00
0.00
0.00
Io 17
0.90
0.47
0.47
1.25
0.00
0.47
0069
0.00
0.00
0.69
0.00
0.00
0.00
0069
0.00
0.00
0.00
0.00
0.00

(L
1.36%%

* rehydrated with Synthetic MIxture 199

*% rehydrated with water

- 90 =



TABLE 26

PFU/MI (log 10)
Time Held at 40°C

Stabl1izing Solutlon Dried Dried 5 Days Plus 12 Hours
(See Table 22) 0_Days 5 Days after Rehydratlon
6 3.50 2.00 0.00
7 341 2,60 0.90
8 3.60 2,39 0.00
9 3.56 2.57 0.47
10 3.77 2,81 1.17
11 3.58 2.83 0,69
12 3.69 3.03 0.00
13 3.55 2.74 1.39
14 3.69 2,90 1.39
15 3.61 2.69 1.00

Assay Control

Measles Reference Standard: 5.90



PFU/MI (1og 10)

Ime Held at LO°C

TABLE 27
Stabl1lzing Solution Dried
See Table 22 0 Days 5 Days
16 344 2,72
17 3.32 2,74
18 3.38 2.74
19 3.66 2.83
20 3.35 2,94
L6 3.48 2.69
L7 3.32 2,36
48 3.38 2.14
ko 3.42 2,65
50 3.33 2.46
51 3.38 2.54
52 3.33 2.79
53 3.16 2,63
5L 3,22 2,51
55 3.29 2.4
56 3,22 2.74
57 3.28 2.51

Assay Control

Measles Reference Standard:

5.85

Dried 5 Days Plus 12 Hours |

after Rehydration

1.17
1.36
1.36
0.69
0.00
0.00
0.90
1,00
0.00
1.17
0.00
1.00
1.30
0.00
1.30
1.1
0.00



TABLE 28
PFU/M1 (logq 10)
Time Held at 4O°C
Stabl1lzing Solution Dried Dried 5 Days Plus 12 Hours
See Table 22 0_Days 5 Days ' after Rehydration
58 3.64 3.04 1.39
59 3.49 2,60 0.00
60 3.70 3.07 1.39
86 3.63 2,87 1.39
87 3.70 2.69 1.00
88 3.66 2,91 1.00
89 3.61 2,94 0.47
90 3.65 3.03 1.00
91 3.29 2.68 1.00
92 3.39 3.11 0.00
93 3.67 2.89 1.11
9k 3.69 3,06 0,90
25 3.43 3.04 0.00
96 3.38 2.44 0.00
97 3.52 2,25 0.90
98 3.51 2,90 1.11

Assay Control

Measles Reference Standard: 5.90



Stablliz
‘(See

99
100

126
127
128
129
130
131
132
133
134
135
136
137
138
139
140

PFU/M1 (log 10)

Time Held at LO°C

TABLE 29
Ing Solution _Dried
able 22 O bays 5 Days
3.40 2.86
3.64 2,83
3.4 3.06
3.32 2,99
3.37 2.39
3.50 2,81
341 2.51
341 2,68
3.38 2,47
3.18 2,74
3.45 2,76
3.38 2,90
3030 2.30
3.26 2.47
3.13 1.47
3.23 2,17
3.08 2.47

Assay Control

Meas les Reference Standard:

5.82

Dried 5 Days Plus 12 Hours
after Rehydration

1.11
0.00
0.47
0.90
0.69
1.00
0.90
0.47
0.69
1.17
1,25
1,00
0.00
0.47
0.00
0.00
0.69



PFU/M1_(log 10)

T

ime Held at 40°C

TABLE 30
Stabl11zing Solution Dried
See Table 22 0_Days 5 Days
166 3.47 2,00
167 3.45 2.11
168 3.41 1.69
169 3.38 1.69
170 3.45 2.17
171 3.39 2.00
172 3.15 2.39
173 3.26 <1.00
174 3.30 <1.00
175 3.25 2.1
176 3423 1.47
177 2.9 T olt7
178 2.90 <1.00
179 2,74 1.69
180 3.00 <l.00

Assay Control

Measles Reference Standard: 6,27

Dried 5 Days Plus 12 Hours
after Rehydration

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.90
0.00
0.00
0.00
0.00
0.00
0.00
0.00
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TABLE 31
o PFU/M1 (log 10)
Stabl11zing Solution L 12 Hours at 4°C 12 Hours at LO°C
(See Table 22) 0 Days (Dried) after Rehydratlon

121 '3.06 0.00
122 <1.00 0.00
123 3.29 0.00
124 3.35 0.00
125 2.30 Toxic
141 3.23 0.90
42 3.27 1.11
143 3.35 1.11
144 3.23 0.00
145 3.07 1.11
146 2,83 0.69
147 3.07 0.90
148 2.92 1.47
149 3.04 0.90
150 3.26 0.69
151 3.27 1.11
152 3.16 0.69
153 2,96 1.00
154 2.97 0.90
155 2.81 1.25

9% 3.21 3.07 0.00

9% 3.03%% 3.03%% 2,30%%x

Assay Control

Measles Reference Standard: 6.73

* See Table 4 for description of stabllizing solutlion

%% Dried virus reconstituted with peanut oll
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TABLE 32
Stabl1izing Solution : ‘ ____PFU/M1_(log 10) 4
(See Table 22) 0 _Days (Dried) 12 Hours at L40°C after Rehydration

6 3.58 0.00

7 3.58 0.00

8 3.60 1.25

9 3.70 1.1
1 3.71 1.1
12 3.65 0.00
13 3.66 0.47
4 3.70 1.44
15 3.69 1.00
16 3.64 0.00
17 3.60 1.39
18 3.73 1.00
19 3.6k 1.17
20 3.71 1.47
L6 3.64 0.69
L7 3.65 0.00
48 3.66 0.47
Lg 3.69 0.00
51 3.62 0.00
52 3.54 0.90
53 3.58 0.90
54 3.64 0.47
55 3.34 0.90
196 3.18 0.47
197 3.26 0.00
198 3,06 0.00
199 1.69 0.69
200 3.29 1.17

Assay Control
Measles Ref. Stde.: 5.92



Stab!llzlng SOIutlon

126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
166
167
168

“TABLE 33

PFU/MI: (10g:10).

Assay Control

Meas les Ref. Std.:

5.96

12 Hours at” ho°c after Rehxdratlon

2.2
2,37
2.27
1.99
2,37
2.19
2.20
2.30
2.21
1.91
2.01
2.06
2.07
1.83
2,06
1.74
1.63
1.81
2.30
‘.69
1.06
1.51
1.57
1.77
1.99
1.74
1.39
1.57
1.57
1.81
1.44
1.39
0.69
1.39
1.25
0.69
0.69
0.90




StabllizIng Solution

TABLE 34

PFU/MI. (Tog 10)

__(see Table 22) 0 _Days (bried)

156
157
158
159
160
161
162
163
164
165
181
182
183
184
185
186
187
188
189
190
191
197
193
19k
195

3.32
3.30
2,99
3.10
3.07
3.48
3.41
3.30
3.50
3.59
3.12
3.13
3.09
3.18

N
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Assay Coritrol

Measles Ref. Std.: 5.95

12 Hours at hO'cvafter.Réhgdrégldn-

1030
1.1
0,00
1.36
1.00
0.47
0.00
0.47
1.44
1.17
0.00
L4
I.I7
1.00
1.11
1.00
1.63
1.00
1.36
1,00
0.90
0.69
0.00
0.90
0.00
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TABLE 35

Stabiilzing Solution . _PFU/M (log 10). . .. . .
: {Séé!Iable 22) . 0 Daxs.gnried!. 12 Hours at 40°C after Rehydration

169 3.54 1.39

170 3.31 1.90

171 3.35 ' 1.36

172 3.36 1.00

173 3.30 1.36

175 3.49 1.77

176 3.33 1.0

177 3.24 1.25

178 3.12 1.39

179 3.24 1.39

180 3.01 0.00

Assay Control
Measles Ref. Std.: 5.96



Solution No.

‘See Table 22!
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Summary of Data Presented In Tables 23 = 35
Calculated as Virus Infectlvity Loss

TABLE 36

PFU/m1 (log 10) Loss

=101~

Held 5 days at
Lo°C dried.

Held & days at 40°C drfed
plus 12 hours at 40°C
after rehydration

- L ] L ] ° L]
VIO 00O \O\O N OOt
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+ 0o
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e N oNoNoloNoNoloNeNa e N N=R
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2.39%
2.65%
2.81%
3.06%
3.50%
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-
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2.86%
2,97%
2.,92%
2. Lilye
2.39%
2.32

2.92%
3.76%
2.95%
2,51%
2. Ly
2,63%
2.77*
2.47*%
3.23%
3.01%

3.19%

2,90%
3.28%

Not held at 40°C dried -
held 12 hours at 40°C

after rehydration
No Infection virus after drying

3,58%
3,58%
2.35

.
U
0
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O OV
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TABLE 36
(cont‘'d)

PEU/ml1_(log 10) Loss
Held 5 days at 40°C dried  Not held at 40°C dried =

Solutfon No. Held 5 days at plus 12 hours at 40°C held 12 hours at L40°C
(See Table 22) Lo°c dried after rehydration after rehydration
L6 0.79 3.48% 2,95
Y 0.96 2.42 3.65%
48 1.24 2.38 3.19
Lo 0.77 3.42% 3.69
50 0.87 2.16 3.24
51 0.84 3.38 3.62%
52 0.54 2,33 2.64
53 0.53 1.86 2.68
54 0.71 3,22% 3.17
55 0.85 1.98 2.44
56 0.48 2.11 1.20
57 0'77 3028* 1036
58 0.60 2,25 1.50
59 0.89 3.49% 1.67
60 0.63 2,31 1.35
61 2,31
62 2,59
63 2.60
64 2.82
65 1.91
66 3.19%
67 2.80
68 2,63
69 2.97
70 3.27
71 2,44
72 3.31%
73 3.3l
74 3.06%
75 2.40
76 3.32
77 3.30
78 3.29
79, 2,92
80, 3.02%
81 3.06%
82 3,34
83 ' 303'5*
84 1.92
85 3.18%
86 0.76 2,24 1.67
87 1,01 2.70 1.50
88 0.75 2.66 1.39
89 0.67 3,14 1.49

-9l 0.61 2,29 1.58
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TABLE 36
(cont 'd)

PFU/ml_(log 10) Loss
Held 5 days at 4O°C drled Not held at 50°C dried -

Salution No. Held 5 days at plus 12 hours. at 40°¢C held 12 hours at 40°¢
(See Table 22) . hL0°C dried after rehydration after rehydration
92 0.28 < 3.39+ 1.54
93 0.78 2.56 1.36
ol 0.63 3.39 1.64
95 0.39 3.43% 1.43
96 0.94 3.38% 1.70
97 1.274- 2.62 1.83
98 0.61 2,40 1.78
99 0.54 2.29 1.30
100 0.81 3.64:% 2,04
101 2.40
102 2,81
103 1.78 &
104 3.01
105 2.71
106 3.27%
107 2,02
108 2.63
109 2,54
110 3,32%
i 3,03
112 3.07%
113 3.19%
114 3.13%
115 2.72%
116 3.27%
117 3.16%
118 3.20*
119 2,65%
120 2,90%
121 3.06%
122 No Infectious virus after drying
123 3.29%
124 3.35%
125 Toxic
126 0.35 2,94 2.49
127 0.33 2.42 1.97
128 0.98 2.68 2,02
129 0.69 2.50 1.82
130 0.90 2,51 1.58
131 . 0,73 ' 2,94 1.67
132 0.91 2.69 1.98
133 0.44 2,01 2.06
134 0.69 2,20 : 2,02
135 0.48 2,28 1.73
136 - 1,00 3.30% 2,08
137 0.79 - 2,79 1.96
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TABLE 36
(cont'd)

PFU/ml_(log 10) Loss
Held 5 days at 40°C dried  Not held at 40°C dried =

Held 5 days at plus 12 hours at 40°C held 12 hours at 40°C
L4o°C drled after rehydration after rehydration

1,66 3.13% 2,32
1.06 3.23% 2.03
0.61€ 2.39 1.98
2.33

2.'6

2.34
3.23*

1.96

2.1

2.17

l.l}s

2. lu

2.57

2.16

2.47

1,96

2,07

1.56

2,02

20 19
2,99%

ll7ll'

2.07

3.01
3.41%

2.83

2.06

2.42

1.47 3.47% 2.78
1.34 3.45% 2,68
1.72 3.41% 2,57
1.69 3.38% 2.15
1.28 3.L5% 1.41
1.39 3.39% 1.99
0.76 3.15% 2.36
>2026 2.36 109"5
>2.30 3.30*% 2.27
1.14 3.25% 1.72
1.76 3.23% 2.33
1.47 2,9% 1.99
>1.90 2.90% 1.73
1.05 ‘2. 7l% 1.85
180 2,00 3,004 3,014
181 3.12%

-
o]
[
.
O
0

183 1.92



TABLE 36
(cont 'd)

PFU/ml_(log 10) Loss

Held 5 days at 40°C dried  Not held at 40°C dried -

Solution No. Held 5 days at plus 12 hours at 40°C held 12 hours at 40°C
(See Table 22) Lo°c dried after rehydration after rehydration

184 2.18

185 1.85

186 2.27

187 1.59

188 2.1

189 1.76

190 2,07

191 2.1

192 2.23

193 2.,97%

194 1.87

195 2,72%

196 2.71

197 3.26%

198 3.,06%

199 1.00

200 2.12

% No Infective virus detectable
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TABLE 37

Loss in Titer of Dried Virus after 5 Days at 40°C
(all concentratfons of sodium glutamate grouped together =
titers of each of the 5 sodium glutamate groups combined)

Concentration Proportion stabilizing solution to 20%
Sucrose hydrolyzed gelatin solution Total Loss
T R ]
50% 5.47 3.93 3.18 12,58
Lo, L.63 3.47 3.37 11.47
30% ' 3.47 2,69 4,17 10.67
20% 3.25 3.25 5.12 11.62
10% 5.12 >7.85 >8.18 >23.53

Total loss 21.94 >18,19 >24,02



TABLE 38

Loss In Titer of Dried Virus after 5 Days at L0°C

(Listed by both gelatin and glutamate concentration)

Concentration Sucrose

50%
Lo
30%
20%
10%

Total loss

50%
Lo%,
30%
20%
10%

Tot}l loss
|

50%
Lo%
30%
20%
10%

Total loss

Concentration Sodium Glutamate

%

1.50
0.79
0.76
0.35
1.7
L.87

0.75
0.84
0.61
0.73
1.39
h.32

0.72
0.48
0.94
1.00
1.76
4,90

0/
-2

Gelatin Proportion 4+1

2k 3%

0.81 1.21
0.96 1.24
1.01 0.75
0.33 0.98
1.34 1.72
blis 5.9

0.99
0.77
0.67
0.69
1.69
4.81

Gelatin Proportion 3+1

0.66
0.54
0.28
0.91
0.76
3.15

0.81
0.53
0.78
0.44
>2.26
4,82

0.79
0.71
0.63
0.69
>2.30
5.12

Gelatin Proportion 2+1

0.58
0.77
1,27
0.79
1.47
1,88

0.64
0.60
0.61
1.66
>1.90
>5.41

0.83

0.89

0.54
1.06
1.05
L.37

2k

0.96
0.87
0.62
0,90
1.28
k.63

0.92
0.85
0.39
0.48
114
3.78

0.L41
0.63
0.81
0.61
>2.00
k.46
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“TABLE 39

Loss in Titer of Dried Virus held 5 Days at 40°C
v Plus 12 Hours at 40°C after Rehydration
(A11 concentrations of sodium glutamate grouped together -
titers of each of the 5 sodium glutamate groups combined)

“Proportlion Stabllizing Solution

to 20% Hydrolized Concentration Sucrose: Total
Gelatin Solution 50% 40% 30% 20% 10%  Loss
140 (No gelatin) 10,91% 15,61 14,85
L+] 15.30 13.86 12.96 13.05 17.16 72.33
3+1 13.65 12,77 15,06 12,12 15,45 69.05
2+ 12.57 13.44 14,33 13.84 14,81 68,99
1+1 ‘ 13.03 12,23 12.71
142 14,25 14,86 13.78
143 , 14.35 14.55 15,14
1+ 12,82 15.85 15,18

Total loss 106.88 113.17 114,01

* One sample had no Infectious virus after drying;

all other 4 samples In this serfes lost all infectivity after drying |



TABLE 40

Loss in Titer of Dried Virus held 5 Days at L0°C
Plus 12 Hours at 40°C after Rehydration
(Listed by both  gelatin and glutamate concentration)

Concentration Sodium Glutamafe

Caoncentration
Sucrose %

50% wie
Loy 3.23%
30% 3.06%
20%
10%
Total loss
50% 3.50%
Loy, 3.48%
20% 2.94
10% 3.47%
Total loss 15.79
50% 2.89
Loy, 3.38
30% 2.29
20% 2.94
10% 3.39*%
Total loss 14.89
50% 2,27
Loy, 2.11
30% 3.38%
20% 3.30%
10% : 3.23%

Total loss 429

2% 3% 4%
Gelatin Proportion 140 (None)

2.39%  2.65%  2.81%
3.01% 3.19% . 2,90%
3.34% 3.35% 1.92

Gelatin Proportion 4+l

2,51 3.60% 3.09
2.2 2.38 3.42%
2,70 2,66 3.14
2.42 2.68 2,50
3 ol'l's* 3 oll'l* 3 028*
13.50 4.71 15,53
Gelatin Proportion 3+|
3.69% 2.16 2.30
2.33 1.86 3.22%
3.39% 2,56 3.39
2.69 2,01 2,20
3.15% 2.36 3.30%
15,25 10.95 1441
Gelatin Proportion 2+1
1.96 2,02 2,97
3.28% 2,25 3.49%
2.62 2,40 2,29
2.79 3.13% 3.23*%
2094* ’ 2.90* s 207"*
13,59  12.70 . 1472

=

3.06%
3.28%
3.18%

2,60
2.16
2.65
2.51
3.hgw

13.37

=109



Concentratlon

;§_grose

50% .
Lo%
30%
20%
10%

Total loss

50%
Loy,
30%
20%
10%

Total loss

50%
Loy,
30%
20%
10%

Total loss

50%
Lo
30%
- 20%
10%

CfTbtal loss

f?'[TABLE uo

. >‘ i}(cont‘d)

EY N
- 2.31
20

3.06%
3.19%
3.27%

2.39%
3.03%

2,51%

3.32
3.27%

'fGelatln Proportlon 141

1,61, 2.89% 2.95%
2.59  2.60 2.82

2,81 1,78 3,01

Gelatin Proportion 142

2,86% 2.97% 2.92%
2,80 2.63 2,97
2,02 2,63 2,54

GelatIn Proportion 143
2.32 2,92 3.76%

3.31% 3.3 3.06%
3.07+% 3.19% 3.13%

Gelatin Proportion 1+

2k 2,63%  2,77%
3h3° 3029 2.92

3.16% 3.20%  2,65%

% No Infectlve virus detectable
ek No lnfect!vlty after drying

3‘.01%

' 119]'
2.7

2.4l
3.27
3.32%

2.95%
2.40
2,72%

2,47%
3,02
2,90%

= Tio
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TABLE 41

Loss In Tlter of Diled Virus .Not Held at 40°C
but Held 12 Hours at:40°C after Rehydration
(AN concentrations of sodium glutamate grouped together -
titers of each of the 5 sodlum glutamate groups combined)

Proportion Stabllizing Solution

to 20% Concentratlon Sucrose :
Hydrollzed Gelatin Solution 50%  ho% 30% 20% 10%

140 (None) , 9.7% 13.73
4+ 14.63 16.72 7.78 9.88 11.59
3+1 14,39 14,55 7.55 9.46 10,28
2+1 13.29 7.08 8.65 10.37 10.91
1+1 12.02 10,76
142 10.47  9.80
143 10.02 11,90
1+ 11.01 12,15

* One sample had no infectious virus after drying; another was toxlc
to the tissue culture and there was no evidence of Infectivity with
the remaining three samples In this serles.



_TABLE. 42

Loss In Titer of Dpfed Virus not Held at L0°C
but Held 12 Hours at 40°C after Rehydration

(llsted by both gelatin and glutamate concentration)

:cbﬁcéntraflonzsucrose

50%
hos
30%
20%
10%

Total loss

50%
407,
30%
20%
10%

Total loss

50%
Loy
30%
20%
10%

Total loss

50%
Loy,
30%
20%
10%

Total loss

50%
Loy,
30%
20%
10%

Total losg

C

oncentration Sodlum. Glutamate

1%

3.06%
3.01

3.58%
2,95
1.67
2.49
2,78

2,60
3.62%
1.58
1.67
1.99

2%

3%

L

2%

Gelatin Proportion 140 (None)

deke
3441

Gelatin

3.58%
3.65%
1,50
1.97
2.68

Gelatin

3.65%
2.64
1.54
].98
2.36

Gelatin

2,21
1.36
.83
1.96
1.99

Geiétln

3.29
2.83

3.35%
2.06

Proportion L+1

2.35
3.19
1.39
2.02
2.57

2.59
3.69%
1.49
1082
2.15

Proportion 3+1

3.19
2.68
1.36
2,06
1.94

2.26
3.17
'.64
2.02
2.27

Proportion 2+1

2,73
I.so
1.78
2.32
1.73

2.47
1.67
1.30
2,03
1.85

Proportion 1+1

‘i2;3& -
1.92 2,18

3.23%

toxtic
2.42

2.24

- 1.35

2.04
1.98
3.01%

1.96
1.85

- il? -



Concentration Sucrose

50%
" L0%
30%
20%
10%

Total loss

50%
4o,
30%
20%
10%

Total loss

50%
Loy,
30%
20%
20%
10%

Total loss

* No infective virus detectable

TABLE 42

. (cont'd)

_Concentration Sodium Glutamate . .-

%

i% No Infectivity after drying

2L 3% %

Gelatin Proportion 142

2,17 1.45 2,14

1.59 2,11 1.76

Gelatin Proportion 143

Gelatin Proportion 1+4

9 2,99*% 1.74
3.06% 1.00

5%

.07
012

NN

3=t



"stabllizing
. Solutlon

' (See Table 22)

84

106

Rehydrating
Fluld.

TABLE 43

PFU/MI (log 10)

- k-

_ '0.Days (pried)k

H20
MgSOy,
NazS04

20
Mgsoy

‘Nap50y,
‘Ho0

M
M
H
M
M
H

M2M9504

M NastL,,
H20

M MgsSoy

M NaS0y
H20

M MgSoy

M NagSO0y

Assay Control

Measles Reference Standard:

% All 0 day samples rehydrated with water

3,37

345

3"- 23
3.17
3.23
3.22
3.33
2.97
3.00
3.24
3.09
3.29
3.27
3.25
3.13

*% Dried sample did not dissolve

12 Hours at &°C

12 Houyrs at hO‘C

after Rehydration

5.96

e o o
VIV =

i\oc\oom&.:-—_.

\330\00\\1

<}.00
1474
2.89
2.39
2.697'ﬂ"

0.90
0.47
Toxic
1.05
0.69
Toxic
1.17
0.00
Toxic
0.90
0.00
Toxic
0.69
0.47
Toxlc



TABLE Lk

Stabilizing . PFU/MI_(log IO) '
Solution Rehydrating , 12 Hours at 4°C ~ 12 Hours at ho°c
(See Table 2 22) Fluid 0.Days (Dried) _ After Rehydratlion
86 Hy0 3.80 3.36 0.90
86 0.5 M MgSO 0.00
86 0.25 M Mgsﬁ 0.47
86 0.125 M HgSOu 0.47 .
86 0.06 M MgSOy 1.05
86 1.0 M NapS0, 2.60 Toxic
86 0.5 M NazSOL Toxic
.86 0.25 M Na,SOy 1.39
86 0.125 M NayS0,, 1.05
86 0.06 M Nay§0y 1.00

Assay Control

Measles Reference Standard: 5.92



TABLE 45

v,SojutIon . Sucrose Potassium

. No, Concentration _ 30%  Phosphate®
T 1 M MgSOy No No
2 T M MgsoOy Yes No
3 1 M Mgsoy Yes Yes
b 1 M Mgsoy Yes No
5 1 M MgSOy Yes Yes
6 1 M MgsOy No No
7 1 M MgSOy Yes No
:8 1 M MgsSoy Yes Yes
9 1 M MGSOy Yes No
10 1 M MgSOy Yes Yes
1 1 M NapsSoy No No
12 1 M NagSOy Yes No
13 1 M NapSOy Yes No
L] 1 M NazSOy Yes No
15 1 M NazSO0y Yes Yes
16 1 M Na2s0y No No
17 1 M NapSOy Yes No
18 1 M NaSOy Yes Yes
19 1 M Na,SOy Yes No
20 1 M NapSOy Yes Yes
2] Ho0 only No No
22 Hy0 only Yes No
23 Ho0 only Yes Yes
24 Hz0 only Yes No
25 H20 only Yes Yes
26 H20 only No No
27 H20 only Yes No
28 Ho0 only Yes Yes
29 H20 only Yes No
30 HoO only Yes Yes

% 0,123% KoHPOy,
0.051% KHPOL

1%

"Na:Glutamate

No
No-
No
Yes
Yes
No
No
No
Yes
Yes
No
No
No
Yes
Yes
No
No
No
Yes
Yes
No
No
No
Yes
Yes
No
No
No
Yes
Yes

L= 116

20% Hydrollzed Gelatin
(Proportion of 4 parts
of Solutlon plus

| part of Gelatin)

No
No
No
No
No
Yes
Yes
Yes
Yes -
Yes
No
No
No
No
No
Yes
Yes
Yes
Yes
Yes
No
No
No
No
No
Yes
Yes
Yes
Yes
Yes
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TABLE 46
Stabilizing Solution ____PFu/M1_(log 10)
(See Table 45) . 0 Days* 12 hours at 4°C% 12 Hours at LO°C¥
1 {Frozen control) <1,00 <1.00 0.00
11 (Frozen control) <1.00 <1,00 0.00
11 (Dried) <1,00 <1.00 0.00
21 (Frozen control) <1.00 <1,00 0.00
21 (Dried <1,00 <1,00 0.00
10 Dried 3.43 3,11 0.00
10 Dried 3036"‘7" 3-‘97"."“ 0.,00%%

Assay Control
Measles Ref. Std.: 5.96

% Dried samples rehydrated with water 1f not otherwise Indlcated;
frozen samples thawed and held at temperature
%% Rehydrated with 0,01 M EDTA
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" TABLE 47
Stablllzlng . S
Solutfon Y e _PFU/NMI (Jogrlo) _
J See Table1+ Description "Deis* 12: Hours ;atihecx 12 Hours at Lo°C

2 Frozen control 3. 62 3.5 1 0.00
2 Dried 3.05 2.47 0.00
3 Frozen control 3.61 3.35 0.47
3 Dried 3.27 1.47 0.00
L Frozen control 3.63 3.29 2.12
l" Dr'ed 3.“’2 1090 0000 ’
5 Frozen control 3.76 3.69 1,68
5 Dried 3.34 2.74 0.69
6 Frozen control 3.32 3.22 6.00
6 Dried 1.17 0,00 0.00
12 Frozen control 3.54 3.62 Toxlc
12 Dried , 0.00 Toxlc Toxlc
13 Frozen control 3.35 3.43 Toxic
13 Dried 2.25 0.00 Toxic
14 Frozen control 3.65 3.45 Toxic
4 Dried 0.00 0.00 0.00
15 Frozen Control 3.75 2.54 Toxlc
15 Dried 1.00 <1,00 Toxic
16 Frozen control 3.52 3.55 1.17
16 Dried ‘.00 loh‘? 0.00
22 Frozen control 3.69 3.33 2,07
22 Dried 2.75 2.30 0.69
23 Frozen control 3.54 3.55 1.30
23 Dried 3.11 2.65 0.00
24 Frozen control 3.62 3.55 1.68
2‘+ Dl"ed 3077 3036 1068
25 Frozen control 3.70 3.76 1.86
25 Dried 3.63 3.]6 1036
26 Frozen control 3.63 3.46 1.36
26 Dr'ed 3.‘8 2.51* loll
20 Dried 2.90 2.30 0.00
20 Dried 2, 8lpieke 2,36%k Tox{ c¥k

Assay. control
Measles Ref, Std.: 5.96

%*. Drled samples rehydrated with water If not otherwise indicated;
frozen samples thawed and held at temperature

- Wk Rehydrated with 0,01 M EDTA



.TABLE 48

'Stabl11zing
Solutfon , — PFU/MI {log lo) o
{See Table 45) Description 0 Days* 12 Hours at 4°c 12 Hours at h0°c
1 Dried <1,00 <1 .00 0.00
2 Dried 3.19 1.90 0.00
3 Dried 3.42 1.47 0,00
[ Dried 3,34 1.47 0.00
5 Dried '3.25 <1.00 0.00
6 Dried 2.36 <1.00 0.00
7 Dl‘led 3038 2.92 0.00
7 Frozen control 3.74 3.56 - 1.79
8 Frozen control 3.70 3.56 1.86
8 Dl"ed 3052 3.26 ]ol"ll'
9 Frozen control 3.64 3.56 1.54
9 Dried 3.35 2.87 1.00
10 Frozen control 3.69 ‘ 3.75 1.97
10 Dried 3.43 2,95 0.90
17 Frozen control 3.58 3.60 Toxlc
17 Dried 2.89 2.47 Toxic
18 Frozen control 3.51 3.36 Toxlc
18 Dried 3.04 2.36 Toxlc
19 Frozen control 3.62 3.42 Toxic
19 Dried 2.81 2.39 Toxic
20 Frozen contro‘ 3091" 3.75 l 069
27 Frozen control 3.74 3.61 2,02
27 Dried 3.55 3.30 2.18 .
28 Frozen control 3.73 | 3.70 2,08
28 ,Drted« 3.58_ 3034 T 2,02
29 $Frozen control - 3;7]J‘ J23.h5;( f 2,00
29, ; rled AT 3535={; : 0. . 0.69
0. rFrozen control 3.9017? : ‘2514;'4
jDrled L 3.72 355 ° 0,90
Drfed - 3.65 . 73,53 e
Dried 3,70%% 358k S L8l

“..Assay control
‘ Measles Ref., Std.: 6.01

* Dried Samples rehydrated with water If not otherwise lndlcated,
frozen samples thawed and held at temperature
“% Rehydrated with 0.01 M EDTA
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- TABLE 49 - |
| PFU/MI (1og 10)
b e “Time Held at 40°C
Stablllzlng SOIutlon oo Drled . Dried 5 Days Plus 12 Hours
hs) 0. Days  5.Days after Rehydration

25 3.39 2.17 0.00
26 3.01 0.00 0.00
27 3.58 2,91 0.69
28 3.74 2.81 0.90
29 3.61 3.05 1.17
30 3.67 2.95 1.05

Assay Control

Measles Reference Standard: 5.90



- TABLE 50

_ PFU/M1 (loq 10)
Time Held at 40°C

Stabillzing Solution . Jried - ~ Drled'5 Days Plus 12 Hours
(See Table 45) 0 Days 5 Days after Rehydration.

8 3.34 2,68 0

9 3.17 - 2.57 0

10 3.13 2.36 0.69

11 <1.00 <1.00 Toxic

12 <1.00 <1.00 Toxic

13 <1.00 <1.00 Toxlc

14 <1.00 <1.00 Toxic

15 <1.00 1.69 Toxic

16 1.47 <1.00 0

17 2.36 1.90 Toxlc

18 2.47 2.00 Toxic

19 2.68 2.00 0

20 2,36 1.90 0.69

21 1.00 1.69 0.47

22 2.97 1.90 0

23 3.02 1.69 0

24 3.28 2.11 0

Assay Control

Measles Reference Standard: 6.06
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TAQLE 51
Summary of”mﬂtq Pr” entedvln Tables 46-50
Calculated'as Virus Infect!v!ty Loss

PFU/MI_(log 10) Loss

o ' . “Held 5 Days at 40°C Drled Not Held at 40°C Dried
So]utton No. Held 5 Days at Plus 12 Hours at 40°C Held 12 Hours at L40°C
See Table L 40°C Drled after Rehydration _after Rehydration

1 No lnfecttvlty after drying

2 3.19%, 3.05%
3 3.42%, 3,27%
b 3.34%, 3.b2*
5 3.25%, 2.65
6 2.36%, 1,17*
7 3.45%

8 0.66 3.34% 2,08

9 0.60 3.]77'{ 2.25

10 0.77 2.44 2.53

11 No Infectivity after drying

12 No Infectlvity after drying Toxic

13 No infectivity after drying Toxlc

1L No infectivity after dryling

15 No Infectivity afiar drying Toxlc

16 1.47 1.47% 1,007

17 0.46 Toxic Toxic

18 0.47 Toxic Toxic

19 .68 2,68 Toxlc
20 0.46 1.67 3.16%

21 No Infectivity after drying
21 0.00 0.53
22 1.07 2.97% 2.06

23 1.33 3.02% 310

24 1.17 3.28% 2.09

25 1.22 3.39% 2,27

26 3.01% 3.01% 2,07

28 0.93 2.84 1.56

29 0.56 2.44 2,66

30 0.72 2.62 2,82, 1.69

% No infective virus detectable



| TABLE 52
fcﬁﬁﬁékigon of Stablllty of Dried and Not Dried Virus
"7 Held at 4°C and 40°C for 12 Hours S
(Summary of Data Presented In Tables 46-48°

Calculated as Virus Infectivity Loss)

f PFU/M! (log 10) Loss B

§tabl 1zing Solution _ ‘ Held 12 Hours at 4°C  Held 12 Hours at 4O°C
'“:'sge‘TabIe Ls5) Descrlgtlon' — after Thawing or Rehydration '
1 Not dried No Infective virus at 0 time
Dried No Infective virus at 0 time
2 Not drled 0.17 3.62%
Dried 0.78 3.05%
3 Not drled 0.26 3.4
Dried 1.80 3,27%
L Not drled 0.34 1.51
Dried 1.52 3.h2%
5 Not dried 0.07 2,08
Dried 0.60 2.65
6 Not dried 0.10 o332
Dried 1.17% 1.17%
7 Not dried 0.18 1.95
Dried 0.32 3 45
8 Not dried 0.4 1.84
Dried 0.26 2.08
9 Not drled 0.08 2.10
Drled 00“"8 2.35
10 ~ Not drled +0,06. 72
| Dried- 0.8 2,83

;NgfihfeqflVeQVIfuénat 0 time
:No;lpfectIVviIrUS at 0 time

40;d8ff"" | | Toxic
Dried - ¢ Toxic . Toxle
_?Nét;ahlédfj +0,08if Toxlc
SLLILCE 2.25% . Toxle.
" Not drled’ 0.20 . . Toxic
~Dried y”QQIQfeCt!vg;Vlrugwat 0 time
“Not dried :IQZ‘th¥‘ Toxlc

Dried 1.00% Toxfc
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TABLE 52
: (_CQDV,t ' d) :
T ‘ PFU/MI_(log 10) Loss
Stablllzlng Solutl'ng*.?'”“ . Held 12 _Hours at 4°C Held 12 Hours at 40°C
: ‘ Uy D escrlg lon i after Thawing or Rehydratfon

”;';Not drIed . %0.03 2.35
orfed +0.47 1.00%

Afj%if “Not drled-[f“,l}yk +0.02 * Toxle =
?ﬁ;;< D rled ;”; 3*9_.“ 0 .hZV ‘ flToxlc
;fj84' fNot drled}:]' ’ 1» i§0 |5;; Toxlc
B gDrled '»”7 1'~,,,~f° 88vv. Toxic
19 “Not Drtedf:'f 020 Toxic
SO ;Drled . ‘ .42: Toxic

20 fNot drled3 ' 0.19 2.25

21 ,Nﬁ%,&fléd No'fnfeqtlous virus at 0 time
o Dried - : No Infectious virus at O time

22 Mot drled 0.36 1.62
s Dried 0.45 2,06

23, Not dried 40.01 2.24
L Dried 0.46 3.110%

- Dried -41 2.09

]w25; Not dried 10;06 1.84
E Dried 0.47 2.27
26 Quot dried. 0417 2.27
L
.37

1.65°
1,56




