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further studies of serum proteins in preg-
nancy utilizing more refined zone electro-
phoretic methods would produce useful in-
formation. The use of immunoelectrophoretic
techniques is particularly indicated.
Summary. During pregnancy, total serum
protein and serum albumin concentration de-
creased, while the «- and B-globulin protein
fractions increased and the y-globulin pro-
tein fraction remained at a rather constant
level throughout pregnancy. Total serum
glycoprotein, expressed as protein  hound
hexose, increased throughout the gestational
period. This was accompanied by a rise in
the levels of all glycoprotein fractions ex-
pressed as mg per 100 ml. Relative to the
protein content of each fraction, the glyco-
protein content of the albumin and y-globu-
lin fractions increased during pregnancy,
while the «;-, a»- and B-fractions decreased
in relative percentage of bound carbohydrate.
During the early post partum period, albu-
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min and y-globulin glycoprotein decreased,
while a;-, «»- and B-globulin glycoprotein in-
creased. These results indicate that striking
alterations of plasma protein metabolism oc-
cur in pregnancy.
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Effect of pH on Thermal Stabilization of Oral Poliovirus Vaccine

by Magnesium Chloride.

(28201)

Josepu L. MEeLNICK AND CrAIG WALLIS
Department of Virology and Epidemiology, Bavlor University College of Medicine, Houston, Texas

Polioviruses(1) and other enteroviruses(2)
are stabilized at elevated temperatures in
high ionic concentrations of MgCl,. In molar
MgCl, at 50°C, poliovirus is stabilized for
at least 2 hours: at 37°C for 3 days; and
at room temperature (25°-28°C) for 21 days.
This report is concerned with the role of
pH in the stabilization of live poliovirus
vaccines with MgCl,, and the effect of long
term (18 months) storage at 4°C.

Materials and methods. Oral poliovirus
vaccines (type 1, LSc: type 2, P712: and
type 3, Leon) were kindly provided by
Wyeth Laboratories.

For virus assay, kidneys from immature
rhesus monkeys were trypsinized and grown
in lactalbumin  hvdrolysate medium con-
taining 0.2 mM AICl; to suppress adven-
titious agents(3). Cultures were maintained
in the same M-E medium but free of Al

ions. Titrations were carried out by de-
termination of plaque-forming units (PFU),
using bottle cultures, with 25 mM MgCL
in the agar-nutrient medium to expedite
plaque counting(4).

Results.  Effect of pH on stabilization by
MgCl,. On occasion, samples of poliovirus
in molar MgCl, have failed to stabilize the
virus at 28°C to the extent expected. In
these instances the caps on vaccine vials
were found to be loose, and an increase in
pH was evident in the samples in question.
To determine the effects of long term ex-
posure to the atmosphere, types 1, 2, and 3
poliovirus vaccines were diluted to contain
107 PFU. ml in M MgCl, and in M-E me-
dium, respectively. The pH of the vaccines
in M MgCl, was 6.4 at time of mixing, but
after 24 hours the pH equilibrated to 6.8-7.0
and remained constant for 30 days at 28°C
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¥1G. 1. Thermal resistance of MgCly-stabilized poliovirus vaccine in tightly stoppered vials.
Type 1, 2, and 3 vaceines were diluted to eontain 10° PFU/ml in (A) M MgCl, and (B) M-E
medium. Vaceines in tightly stoppered and loosely c¢apped vials were stored at room tempera-

ture (25°-28°C) for 30 days.

FIG. 2. Effect of prolonged storage of poliovirus vaceines at 4°C, Type 1, 2, and 3 oral

poliovirus vaceines were diluted to contain 107 PFU/ml in M MgCl, (MgCly-stabilized vaccines)

and in M-E medium (control vaceines). All samples were stored in tightly stoppered vials.

in tightly stoppered vials. In loosely capped
vials the pH of the vaccine samples in MgCl,
was elevated to 7.6-7.8 after 24 hours, and
varied between 7.8 and 8.1 over a period of
30 days at 28°C. The vaccines mixed with
M-E medium were at pH 7.4 at time of mix-
ing, and in tightly stoppered vials attained
a range of pH 7.6-7.8 during the 30 days at
28°C. When loosely capped vials were used,
these samples showed pH increases at 24
hours to 8.5-8.8 and remained within this
range throughout the 30 day period.

Fig. 1 shows the results of a typical ex-
periment with these vaccines stored at room
temperature (25-28°C) for 30 days in
tightly stoppered and in loosely capped vials.
The MgCl,-stabilized vaccines in tightly
stoppered vials manifested no loss of infec-
tivity for 20 days at this temperature. At 30
days the infectivity titer dropped only 0.1-
0.5 log;g. The same samples in loosely capped
vials lost infectivity rapidly. The unstabi-
lized samples in tightly stoppered vials, in
contrast to the MgClp-stabilized vaccines,
lost significant infectivity at 10 days at 25-
28°C, 0.7-1.2 log;o; at 20 days, 1.2-1.9 log;y;
and at 30 days, 2.3-2.8 log;,. Similarly, the
corresponding samples in M-E medium in
loosely capped vials lost infectivity even
more rapidly than those in the sealed vials.

These results indicate that vaccines should
be stored in tightly stoppered vials.

To determine the optimum pH at which
MgCl,-stabilized vaccines should be main-
tained to achieve minimal loss of infectivity,
the following experiment was performed.
Types 1, 2, and 3 oral vaccines were mixed
with equal volumes of 2M MgCl, to contain
107 PFU/ml. The pH of this mixture was
6.4. Aliquots were then adjusted with HCI
to pH 5.0 and 6.0 and with NaOH to pH
7.0. Vials were tightly stoppered and stored
at room temperature. Similarly, control sam-
ples at 10° PFU/ml in M-E medium (pH
7.4) without added MgCl, were adjusted
with HCI to pH 5.0, 6.0, and 7.0, and also
stored in tightly stoppered tubes. The pH
changes of these samples on storage were
followed for 20 days, as shown in Table I,
together with the pH changes in loosely
capped vials containing test and control sam-
ples whose initial pH had not been adjusted
before storage. All vials showed increases in
pH, but again these increases were much
more marked in the loosely capped vials
than in those which were tightly stoppered.
Only the results with type 1 are shown; the
findings with types 2 and 3 were similar.

The losses of infectivity titers of stabilized
and unstabilized vaccines stored in tightly
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TABLE I. pH Levels of Virus Samples After Storage.*

Test. mixture Vials

Vaccine 4 2M MgCl, Tightly stoppered

Loosely eapped

Vaccine + M-E medinm  Tightly stoppered

Loosely capped

pH after storage nt 25-30°C

Tnitial pH I day 10 days 20 days
5.04 5.8 5.8 5.8
6.0t 6.5 6.7 6.5
6.44 6.8 6.8 6.9
7.0% 7.4 7.5 7.5
6.4§ 7.8 7.9 7.8
5.04 5.0 5.8 h.8
6.0t 6.8 6.8 6.9
7.0% 7.4 7.4 7.4
7.4§ 7.6 7.7 7.7
7.48 8.8 8.8 8.7

* Type 1 poliovirus (oral) vaccine was mixed with an equal volume of 2M MgCl, and pH
levels adjusted as shown above. After 1, 10 and 20 days pH levels were again tested. (on-
trol samples consisted of equal volume of vaccine and M-E medium.

t Adjusted with HCL

+ Adjusted with NaOH.

§ Not adjusted
medium as indicated.

stoppered vials under these various pH con-
ditions, over a period of 30 days, are shown
in Table II. It is evident that with MgCl,-
stabilized vaccine, storage in tightly stop-
pered vials at an initial pH of 6.4 is optimum
at room temperature. To achieve this pH,
the vaccine as manufactured in M-E medium
is merely mixed with the MgCl, solution and

represents pH after mixing equal volume of vaceine and 2M Mg** or M-E

then tightly stoppered. No adjustment of
pH with HCl or NaOH is necessary.

Effect of prolonged storage of oral polio-
vaccines at 4°C. Types 1, 2 and 3 oral vac-
cines containing 107 PFU/ml were stored at
4°C in tightly stoppered vials in (a) lactal-
bumin hydrolysate M-E medium, and (b) in
M MgCl,, for a period of 18 months. Ali-

TARLE IT. The Effect of pH on MgCl-Stabilized Vaccines at 25-28°C in Tightly Stoppered
Vials.

Log,, deerease in infectivity titer (PFU/ml) due to inactivation

10 days 20 days 30 days
Control Stabilized Control Stabilized Control Stabilized
Vaceinet Tnitial pH* vaceine  vaceine vaceine  vaccine vaecine  vaecine
Type 1 5.0 2.0 3 2.5 8 2.9 1.0
6.0 1.3 .0 2.0 . 2.7 8
6.4 1.3 .0 1.5 2 2.5 b
7.0 1.0 1.0 1.6 1.4 2.1 1.7
7.4 1.2 —_ 1.9 — 2.5 —
Type 2 5.0 2.5 2 2.8 2 3.2 9
6.0 1.4 1] 1.8 3 2.0 7
6.4 1.2 ] 1.7 0 2.2 .5
7.0 1.2 T 1.5 9 2.0 1.2
7.4 1.0 - 1.4 - 1.8 —_
Type 3 5.0 L4 0 1.8 2 2.5 5
6.0 .8 0 1.0 .0 1.3 5
6.4 1.2 .0 1.3 G 1.5 .1
7.0 1.0 2 1.3 4 1.4 .6
7.4 8 — 1.2 —_ 1.5 —

* pH represents adjusted levels of vaccines at time experiment was initiated, except for pH
6.4 in MgCl, and pH 7.4 in M-E medium, which were not adjusted. See Table T for pH drifts

on storage.

t Vacecines diluted to contain 10°-* PFU/ml in M-E medium and then mixed with an equal
volume of 2M MgCL, or M-E (for ‘‘control vaccine’’), respectively, to contain 107 PFU/ml as

starting concentration of storage experiment.
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quots were also stored frozen at -20°C.
These were thawed and titrated on the same
day that the experimental vials were titrated,
as a control of the titration procedure. The
deviations from the titers of the —20° sam-
ples are shown in Fig. 2. The titers of the
—-20° samples remained relatively constant
during this period, varying within a few
tenths of a logyy unit. Fig. 2 shows the sta-
bilizing effects of MgCl, on the experimental
samples stored at 4°C. After 6 months at
4°C, the ordinary vaccines had lost 75%
infectivity, and at 12 months their infectiv-
ity had diminished 99 to 99.9%, whereas
vaccines in MgCl, showed no detectable loss
of infectivity after 12 months. After 18
months, the ordinary vaccines had lost 4.0
logy, infectivity (99.99%), while among the
MgCl,-stabilized samples type 2 virus had
lost 0.4 log;, infectivity; type 3, 0.2 logyo;
and no detectable loss was shown in the
type 1 samples.

Discussion. The practical application of
MgCl, as a stabilizing vehicle for poliovirus
vaccines is shown in the results of a large
field trial of MgCly-stabilized vaccine in
Israel, where 300,000 children were fed the
MgCl,-stabilized vaccine(5). The stabilized
vaccine was shipped from the United States
and taken to the field without refrigeration.
The antibody response after feeding stabi-
lized vaccine is similar to that obtained with
ordinary vaccine kept frozen until immedi-
ately before use(6).

It is evident that MgCls-stabilized polio-
virus vaccine can be used by the practicing
physician or the health officer without the
strict limitations placed on the ordinary vac-
cine. Present regulations in the United
States require that the vaccine be kept frozen
and that, once thawed, it be held at a tem-
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perature no higher than 10°C for no longer
than 1 week, at which time it must be dis-
carded.

From the results of the experiments de-
scribed here, it is seen that MgCls-stabilized
vaccines may be stored (in tightly stoppered
vials) for over a year in the liquid state in
the ordinary refrigerator without loss of in-
fectivity. The advantages of MgCly-stabi-
lized vaccines are manifold: a) Vaccines are
stabilized against thermal inactivation. b)
Because of the bacteriostatic and mycostatic
effects of M MgCl,, no other preservative is
necessary. c) Refrigeration is unnecessary
when vaccines are in transit in common car-
riers. d) Stabilized vaccines can be taken to
the field (clinic, physician’s office, etc.) and
used without concern over refrigeration.

Summary. MgCls-stabilized oral poliovirus
vaccines can be stored in the liquid state at
4°C for one year without detectable loss of
infectivity, and for 18 months with only
slight decreases in infectivity. Maximum sta-
bilization is attained in M MgCl, at pH 6.4
in tightly stoppered vials. Under these con-
ditions, vaccines of all 3 types are stable for
at least 3 weeks at room temperature (25-
28°C). The use of the stabilized vaccine
eliminates the limitations imposed on the
ordinary thermolabile vaccine.
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