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EFFECT OF LYQPHILIZBD MEDIA COMPGSITION ON BACTERIAL
VIABILITY IN DRY LIVE ANTI-PLAGUE VACCINE

Mikrobiolo ologiva I. V. Pechnikova (Stevropol')
QCaobo ®. Mioro= :

biology and Immunology of Espscially

Dangerous Diseases), Saratov, 1964,

PP 283-287.

Extensive utiligation of live anti-plague vaccine has become possible
only after the development of drying methods from a frozen state; i.e.,
mothods of lyophilization (Mudd and Plosdorpf, 1936; Faybich, 1946; Dolinov,
1947). Of great importance for obtaining the dry live anti-plague vaccines
are lyophilized media capable of preserving the live bacteria within.

The presently used sucrose-gelatin lycphilized culture medium (1935) is
F capable of preserving, in a freeze-dried state, up to 50-607 of the live
bacterlia and to assure preservation of the major part of them for up to two
years in storage at 4°C., However, when strict temperature conditions for
preserving them are not ocbserved, the amount of live bacteria in the dry live
anti-plague vaccine is rapidly reduced. Considering that plague foci are
chiefly localized in the southern regions, while the population is usually
vaccinated during the warm season, the preservation of a high percentage of
live bacteria in the 7accine is decisive.

Under fleld conditions and in sectors of surgeons and medical assistants
it is difficult, as a rule, to oreate optimum temperature conditions for pre-
serving vaccines; they are often stored at room temperature (18°-22°C), and
occasicnally at even higher temperatures.

The necessity for creating specific conditions for storing vaceine and
the longevity of its existence at an unfavorable temperature have forced us
to undertake a search for new lyophilised media with more pronounced protec~
tive properties both in the produotian process and in longeterm vaccine storage
~ under refrigeretion and at unfavorable temperatures.
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Many soientists (Naylor and Smith, 1946; Obayashi, 1960; iugglton, 1960,
and others) have gearched for new drying media for lycphilization of various
bacteria and viruses, using various chemicals and vitamins, such as dextran,
thiocurea, sodium glutamate, pentone, ascorbic acid, and many other chemical
substances. Our problem is to dtudy the effect of several of these sube
stances on the outcoms of live bacteria during the drying of anti-plague
vaccine EV fram a frozen state, and also on the ability o pirotect live
bacteria from the harmful effects of unfavorable temperatuces during storage.
In addition, our experiments included ammonium molybdate, which actively af-
fects the redox potential of the medium and also has a stimulatory effect on
thgz owth of plague bacteria in both liquid and £olid nutrient media (Gubina,
1962),

The following drying medis were prepared and analyzed:

)I. Control mediwn: 1) saccharose 10% + gelatin 1% (according to regula-
tiOns .

II. Cultures with dextran: 2) saccharose 10% + dextran 375; 3) saccharose
10% + dextran 3% + ascorbic acid 0.55 + thiourea 0.5% + peptane 0.05%; 4) sace
charose 8% + dextran 3% + sodium glutamate 5%; 5) saccharose 8% + sodiur glu=
tamate 5% + thiourea 0.5% + peptone 0.05%.

III. Cultures with ascorbic acid: €) saccharose 10% + gelatin 1% + 0,5%
ascorbic acid; 7) saccharose 104 + gelatin 14 + ascorbic acid 0.5% + thiourea
0.5%; 8) saccharose 10% + gelatin 1% + asocorbic acid 0.5% + thiourca 0.57 +
peptane 0.05%,

1V. Media containing 5% sodiun glutamate: 9) saccharose 85 + gelatin 1%
+ sodium glutamate 5%; 10§ saccharose 8% + gelatin 1§ + sodiun glutamate 5%
+ thiourea 0.5%; 11) saccharose 8% + gelatin 1% + sodium glutamate 54 +
thiourea (.54 + peptone 0.05%.

V. Cultures with 1,5¢ sodium glutamate: 12) saccharose 85 + gelatin
1% + sodium glutamate 1.5%; 13) saccharose 8% + gelatin 1% + sodium. glutamate
1.5% + thiourea 0.5%; 14) saccharose 87 + gelatin 1% + sodium glutamate 1,57
+ thiourea 0,5% + peptone 0.05%.

VI. Cultures with ammonium modybdate and thiourea: 15) saccharose 107
+ gelatin 1% + thiourea 1%; 16) saccharose 109 + gelatin 1% + ammonium molybe
date 0.4%; 17) saccharose 10% + gelatin 1% + thiourea 0.5% + ammonium molybe
date 0.4%; 18) saccharose 10% + gelatin 1% + ghiourea 1% + amoniun molybdate
0.4%; 19) saccharose 10f + gelatin 1% + thiourea 0.5% + ammonium molybdate
0.4% + riboflavin 0.01%; 20) saccharose 8% + gelatin 1f + thiourea 0.5% +
amnorium molybdate 0.44 + sodium glutamate 1.5%.

The lycphilized cultures are prepared sterilly in an isolation chamber,
irmmediately prior to washing the culture, on a saccharose-gelatin medium or

in a dextran solution of tho same series, Corponents of the medium are sterile

ized by brief boiling in 2-3 ml of distiiled water and are added to the bLasic
lyophilized sulture. The pH of each oulture is set at 7.2 by a 10N solution
of caustic soda,
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A 2U=hour test culture of the EV vaoccine strain is cuwltured on meat-
peptone agar. After two days at 38°C the culture and separating flasx are
washed by various lyophilising media. Density of the bacterial suspension
is Aincreased to 70 billion cells per ml (according to the standards of the
Stats Institute for Control of Sera and Vaccines imeni L., A. Tarasevich for
turbidity), by using the same lyophilieing medium in which the culture was
washed, The suspensions sre placed in a refrigerator at +4°C for two days,
the time necessary for checikdng the purity. The suspension is thon diluted,
1 ml each in ampules of 6 ml capacity. Conditions of lyophilization woro
identical in all experimenis: freezing at ~30°C slowly on a freezing table;
time of drying, 16.5-17.5 hours; vacuum, 50-35; heating to 23-30°C; residual
humidity, froa 2.5-6f. In each experiment all experimental samples were
dried simultaneously in one room with a KS-5 apparatus.

Ampules with all of the lyocphilized experimental serial vaccines were
tested in a vacuum and placed in storage at various temperatures (37°, 28°,
209, ard 4°C). The percentage of bacterial viability in dry vaccine was de=
termined by serial dilution with physiologic salt solution (at ;}oom tempgra-
ture) end with a 0.1 ml culture on thres agar plates from a 10=/ and 10~
dilutions. The same series of Hottinger's agar with a 0,057 sodium sulfite
was used in determining the viability of the bacteria. Cultures wore incu-
bated at 28°C for 3-4 days; the number of growing colonies wore then counted
and the percantage of live bacteria was calculated on the basis that each
colony had grown from a single bacterium. Results of the experiments are
given in tables l-3.

As seen from the tables, the lyophillzing media consisting of the
dextran solution with the addition of saccharose, ascorbic acid, sodium glue
tamate, thiourea, and peptone in varying amounts is less in bacterial viahil=
ity in the vaccine according to quality than the standard saccharose-gelatin
]\yo%ilized medium, even when the vaccine has been stored in a refrigerator
at &4°C,

The addition of ascorbic acid in various amounts, alonz with other ine
gredients, to the saccharose-gelatin medium (0.5¢) did not improve its qual-
ity, nor did the addition of 5% sodium glutamate, even in combination with
thiourea; its quality was only slightly improved with the simultaneous addi-
tion of thiourea and peptons.

By adding to the usual saccharose-gelatin medium ammonium molybdate and
thioursa or 1.5% of sodium glutamate, thiourea, and peptone, the quality of
the médium improved considerably. The minimum percentage required by regula=
tions for live bacteria in using the above-mentioned lyophilized media was
maintained in all series of vrotines studied for 8-9 months (observation
period) while kept at room temperature, and for 50 days at 28°C and for 16
days at 37°C, With the use of the saccharose-gelatin medium of lyophiliza=
tion only two of the five vaccine series studied were suitable for use during
the four-month period, when preserved at room temperature (20.22°C)., At
higher storage temperatures (28-37°C) anly individual series of vaccine re=-
tained 104 of live bacteria for 6-20 days.
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Viability of Bacteria in the E
Different Periods After Lyo

TABLE 1

xperimental Series of EV Vaccine For
philization and Storage at 379C

3 1(bl oy B0 (®) B nocaeayowme zuw ‘
2] . — .
g2 . nxpobos i
() 22 ;-§' cpasy nocae| 6 | 8 | 10 | 12 | 1 ]e | 8] wl
2 Tol cyukn, ™ ._
57 37,0 i/7 1:4,7 1 041 0/3 | 0/1,7]10/1.4 - :
2-!5 8 56 23,4 14,2 02 jo04 | — | = | =} — | =
6-—-8 8 | 64 n,0 (1)/(} 8 0(;:372 052(‘) 0/1‘.3 —_ — - -
- 27| xh [ /3, i - -
et IR Y pnae] 2 lwes| 2o} o fame] =1 = \
12] 2 |s2 43,5 210 | 20 [2/105,1/65 | 04 | - ==
13 2 |63 49,2 2017 | 2722 |12119,5 |2/15,5 12112,1 | 1/9 /192 o
14 3 160 52,2 3/19 [ 3/18 '3/18,6 13/18,3 (3/18,3 ] 3/18 | 2/ !
15 3 | 65 45,0 3'16,3 ‘!;k-'} 23//813 34;853 2/8 -— — -—
2.0 |2/10 /8, sl - | =1 =] =
}? g g?.\ 48,0 5]{5.8 5/16,4 15/16,4 {5/16,4 |5/12,6 | 4/10 3//3.4 1—
18 2 {63,6 54,6 2/25,50 2/18 | /18 2/17,81 2,17 | 2/18 léla i
19 3 | 65,3 46,0 16 | 3/16.13/16,3 3/15,5| 3/13 | 2/10 /9 ll7
20 2159 43,5 2/14,612/14,5 | 2/15 2/15,5 1\[135| 1/9,7] 1/8 !

Note: For numbers of media, see text; numerator =
series with more than 10% live bacteria; the denominator

tage of live bacteiia; minus == not investigated,

Key:

a==Number of the medium; b-=Number
(in tdllions of bacteria); dG-aViabl
lyophilization;

number of the vacecine
is the mean percen=

of experiments; c--Standard
o bacteria imodiatoly after
e--On subsequent days /after lyophilization/.

TAELE 2

Viability of Bacteria in the Experimental Series of SV Vaccine For
Different Periods After Lyophilization and Storage at 28°C

(a)g (b) ci: o:d), (@) B nocaeaywowne znn
£ sf| 34 (382 )
i ¢3 | ad [¥235] 10 2 30
2 | 578 | Gi é:gc N B B[40 45|80
© 5 (57 |37 Jylo4lanol 3 lips|os| = | = | = | —
-5 1 9 156 (234 1234f122 02| | 22|22
- 8-8 1] 8 [64 |31 — |~ el — | = | = | =} =~ |2
NI-10] 3 143 (27,8 1436 102( 05 ' 0| ~ | Z | Z 1
~ 11 2 152 37,5 2/18 [2/14,5 [2/145] 1710 17105 155 i85 [ — | —
12 2 [62 43,5 — | = | 2182032 in2sare| 25 = =
13 2 |63 [49.2| — | = [225( 221 27212 [2:2055 | 2118 J2p175 | —
14 3 |80 15221 — | <330 13266 | 3/25 13235 |3/246 | 3/22 | 315
16 3 |65 45 - ~ 13/23,31 3722 [3/18,3 |3/16,6 212 | - —
16 3 |66 |42 — |~ L33l anol ue | e | 163{168
17 5 |64 |48 — | = 522215154 | §/16 {5/16,7 |5/14.2 | 3/16 | 3/14
18 2 |63,6184,5( - | — | 230|228 |2/255(2/265 | 2/30 | 2/25 | 2724
19 3 [66,8)] 48 - - | 324 | 3720 |3/15,3 [3/163 | 3/18 | 315 2/10
012 169 |48 — | — | 226227 (/235 (2205 | 219 [2/14.2] 110
Note: Same as in Table 1; Xey: Same as in Table 1.
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TABLE 3

Viability of Bacteria in the Experimental Series of IV Vaceino For
Different Periods After Lyophilization and Storage at 18°-22°¢C

.=
(‘)i i_b.i)s b%i a.h“:n;(ouol (e) B nnuu;nmu; uecu:u —
by 5 6
5 |30 | Mo o]

1 5 |57 a7,0 284 284 14| = | = | = | - | —,
2.5 9 |56 23,4 ie | o4 (022 — -1 =] ==\
ol YIS ws il i lamlesl 2 22 =
- ‘3 7» . 3 i o -— -_— - —
°1§° 3 52 | 37,6 (/206! 220 | 219 jvss |88 19 17 |06 .
12 ? |62 43,6 |3145] 0;7 052 o‘s.s - = = -
13 2 |63 49,2 (27220 24 | e (2087 v | 18| — | -~
14 3 |60 52.2 325 | ano | a9 | 316 | 312 [314.3] 110 =
15 3 |65 45,0 3,18 13/16,6 | N4 azu 213295 — | —
6 3 |66 42,0 215 }1)%0,5 | 08 _ =] -] -
17 5 |64 48,0 28 [ 521 (5216 | sns | sis | sie | sna| —
18 2 {63,5 54,56 (27292 2/29 (2/30.5 ] 2/30 | 2,25 | 2/28 | 2724 | —
19 3 |65.3 46,0 323 304 | s el s 2n3| - | —
20 2 | s9 43,8 2,28 [2/23,5 | 2/23 [2/20,5 1132 — -

|
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Note: Same as in Table 1; Key: Same as in Table 1.

Thus, disturbance of the temperature conditions in transporting and
storing vacoines 1s less indicative of the amount of livo bacteria in dry
live anti-plague vacoine by comparison with our other tested riedia for
dyophilization; these vaccines were prepared on cultures with molybdenum and
sgd.t\m glutamate, thiourea, and peptons. After nine months of storage at
47C no marked reduction was observed in the viability of bacteria in the dry

live anti-plague vaccine prepared on all media of lyophilization which were
investigated.

Conclusions

1. Lyophilization media containing 0.4 ammonium molybdate, 1%
thiocurea; or 1.5% sodium glutamate, 0,5% thiourea, and 0.05; peptone con-
tributed to longer preservation of live bacteria in a dry antieplague vace
cine with an unfavorable (high) storage temperature.

2, With a storage temperature of 37°C the vacecine prepared on these
lyophilization medis retained the minimum percentage of live bacteria for

16 days; at 28°% == for 50 days, and at room temperature, for 89 months.
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