





























TABLE VII

Results of the Analysis of Variance of the Transformed
Data of Test MS4|90A

Source S8 'DF 'MS F

1) Solution 156.62 4 39,15 110.53°

2) Holding Time 250.69 3 83.56 235,90%

3) Holding Temperature 248,80 1 248.80 702,36
Interaction |, 2 86.80 12 7.23 20,42°
Interaction I, 3 197.65 4 49.41 139.49°
Interaction 2, 3 161.74 3 53.91 152.192
Interaction |, 2, 3 94.96 12 7.91 22,34°
Error 56,68 __I_(x'g_ .35
Total 1253,95 199

2 p < .00l

Tarrte VIII 80 minutes of holding, and did not

Treatment Means for Transformed
Data of Test MS+4190A

change significantly at 120 minutes,

In 5% Dextrose in Saline, Sorensen’s

Solution Mean buffer and Butterfield's buffer the
counts did not change or the differences
5% Dextrose in Water 907 were very small. In Butterfield’s buffer
Water for Injection 935 at 40, 80 and 120 minutes there was
5% Dextrose in Saline 10.15 a small increase in the number of re-
Sorensen’s Buffer 11.14  covered spores.

Buttechiald't: Huller ALl The results from the analysis of
Holding Time {minutes) variance (Table X) are similar to
at 22 and 0 deg. C those found in experiment MS4169A.
0 11.79 The effect of solution, holding time,
40 10.65 and interaction between solution and
80 9.37 holding time were all found to be

120 8.93 highly significant.
at0 geg. ¢ 11.546 The transformed treatment means
40 i 1' 105 e 'p‘resented. in Table XI. A highly
80 “:2 7 significant dxﬁ'erence.wa.s found be-
190 10.910 tween Water for Injection and 5%
. Dextrose in Water and three other
Holding Temperature solutions: Butterfield’s buffer, Soren-
0 deg. C 1130 ensen’s buffer and 5% Dextrose in
22 deg. G 9.07 Saline. These solutions had signifi-
ST - cantly higher plate counts, averaged
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Effect of Treatment on Non—Heated Spores, 22

TABLE IX

Deg. C (Test MS42(4)

Percent Change

Solution Minutes 1n Mean Plate® From Zero
Solution Count Time Counts

Water for Q 63

Injection 40 22 -65
B8O 21 =67
120 16 =75

5§ Dextrose 0 58

In Water 40 54 =7
B0 7 -B8
20 4 =93

5% Dextrose 0 60

In Saline (0,9%) 40 61 +2
B0 64 +6
120 60 0

Sorensen's 0 66

Buffer pH 7.0 40 61 -8
80 61 -B
120 66 o

Butterflald's 0 62

Buffer pH 7.2 40 73 +15
80 67 +8
120 69 +10

e Average of 5 plates

TABLE X

Results of the Analysis of Variance of the Transformed
Data of Test MS4214

Source 11 DF MS F
Solution 214.0 4 53.5 193.29°
a

Holding Time 58.6 3 19.5 70.60

) a
Interaction 136.1 12 1.3 40.97
Error 22.1 80 o3
Total 430.9 99
2 p < .00l
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across holding times, than did the
Water for Injection.

There was a highly significant dif-
ference {P < .001) between the 0
holding time and the 80 and 120 min-
ute holding times averaged across all
suspending solutions.

MS4213. The mean plate counts
for heated spores held in Water for
Injection at 22°C for various time in-
tervals and then plated with various
concentrations of solution in the cul-
ture medium are summarized in Table
XIIL

The results of the analysis of vari-
ance {Table XIII) indicates highly sig-
nificant effects on plate counts due to
both the solution in the media and the
holding time in Water for Injection.
The effect due to interaction was not
shown to be significant at the .01 error
level.

TasLe XI

Treatment Means for Transformed

Data of Test MS4214

Solution Meay
5% Dextrose in Water 4.81
Water for Injection 5.28
59 Dextrose in Saline 7.82
Sorensen’s Buffer, pH 7.0 7.98
Butterfield’s Buffer, pH 7.2 8.22
Holding Time

0 minutes 7.87

40 minutes 7.23
80 minutes 6.22
120 minutes

5.97

'The treatment means for the trans-
formed data are presented in Table
XIV. There was a highly significant
difference between the counts for
Water for Injection and the 50% level
of the other three solutions averaged
across all holding times. A significant

TABLE XIT

Plate Count Results’ In Experiment HS4213, Effect of Holding Time at
22 Ceg. C in water for Injection and Concentration of Various

Solutions In Plate, Heated Spores

Concentration of < .
Solution in Petri Holding Time, kMinutes
Salutlen Plete in Percent Q 40 80 120
Water tor 50.C 712 358 390 290
Injuction 0.0 6541 452 364 283
50.0 585 4b8 377 282
3% Dextrese 3.5 Tec 403 540 302
in Water 1G.C 628 32¢ 329 246
50.C 541 25€ 262 207
54 Lextrose
in Lact. Ringer's o5 TlE 420 36 68
10,0 613 460 340 244
50.0 333 141 202 168
5% Cextrose u,5 676 480 386 290
in Saline (0.9%) 14.C 562 366 275 270
50.0 256 164 154 1€

“Average of two plate counts
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TABLE XIII

Results of the Analysis of Variance of the Transformed
Datz of Test MS4ZI3

Source SS OF MS F
Sotution in media 568. | i 51.6 39.45°
Holding Time 915.3 3 305, 1 233.€IE>a
Interaction 83.5 33 2.6 1.98
Error 62.8 48 |3

Total 1631.7 95

2 p < 001

difference was not demonstrated at this
error level between the mean count for
Water for Injection and the .5 or 10%
level of the other solutions.

There was a highly significant (P <.
.001) difference between the 0 holding
time and the other three holding times
(40, 80, and 120 minutes) averaged
across all sojutions. There was also a
highly significant difference between
the 40 minute and the 120 minute
holding times.

MS4226. This test was a replicate
of MS4213 except that M/15 Soren-
sen’s phosphate buffer, pH 7.0 was
tested instead of 5% Dextrose in Water.,

*The mean plate counts are presented
in Table XV,

The results of the analysis of variance
(Table XVI} indicates that the con-
centration of the solution in the plat-
ing media, the holding time, and their
interaction all have a highly significant
effect on plate count results.

The treatment means for the trans-
formed data are presented in Table
XVII. As in MS4213A there was a
highly significant difference, averaged
across all holding times, between Water

for Injection and the 50% levels of the
other solutions.

There was a highly significant (P <
001) difference between each of the
four holding times (0, 40, 80, and 120
minutes) compared pair-wise.

Dhscussion

In Table II are listed the experi-
ment numbers as a function of all of
the solutions that we have evaluated
in these experiments and the different
conditions to which the spores have

TABLE XIV
Treatment Means for Transformed Data of Test MS4213

Concenfration of
Solution of Patri

Solution Plate in Percent i<gan
Water for Injection 50.¢ 20.62
5% Lextrose in Water a.5 20.89
10.u 19.22

50.C 17.44

58 Lentrose in Ringer's s} 2C.07
1C.C 20.06

50,0 15.55

5% Uentrose In Zaline 3.5 .14
1G.0 15,07
56.C 12.95

|halding Time
4 minutes 13,98
AU minutes 19,08
80 minutes i7.00
120 mirutes 15,62
142 )
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TABLE XV

Piate Count Result€ in Experiment M54226, Eftect of Holdlng TIme at
22 Deg. C In Water for Injection and Concentration of Varlous
Solutlons In Plate, Heated Spores

Concentration of
: Solution in Petri Holding Time; ‘Mloutes
Solution Plate in Percent 0 40 80 120
water for 50.0 400 249 I8 76
Injection 50.0 434 268 137 88
50.0 452 287 148 o8
Sorensen's Luffer 0.5 444 250 leg 85
{M/15) pH 7.0 0.0 378 230 125 69
50.0 | 2 5 3
5% Dextrose 0.5 433 233 142 89
in Lact, Ringer's 10,0 386 232 130 68
50.0 214 - 123 67 41
5% Dextrose 0.5 - 435 266 140 80
in Saline (0.9%) 10.0 "356 232 1z 66
50.0 161 105 56 26

a
Average of two plate counts

been subjected to. Some of our con-
ditions have been replicated four times
and approximately one-half have been
replicated two times. The spores of
Bacillus stearothermophilus have
yielded consistent results in this series
of experiments. The experiments in
which we evaluated the holding time
of heated spores in Water for Injection
at a temperature of 22°C were eval-
uated in four experiments: MS4169,

TABLE XVI

MS4190, M84213, and MS4226. The
results were similar in all four experi-
ments. The holding time of heated
spores in 5% Dextrose in Water, 5%
Dextrose in Saline, and in Butterfield’s
buffer at 22°C were evaluated in two
experiments: MS4169 and MS4190A.
The results were almost identical.

The effect of “concentration of so-
lutions in the petri plate” experiment
which was combined with a holding

Results of the Analysis of Variance of the Transformed
Cata of Test 184276

Source SS UF MS F
Soluticn In media 1337.3 I 121.6 400.73%
Holding Time 1306.2 3 435.4 1321 .,40%
Interaction 187.0 33 5.7 18.674
Errors 14.6 48 b

Total Iaas,l . - 95 . B2

2 p < .00l
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TABLE XVII

Treatment Means, for .iransformed Cata of Test MS5472c
e 1

Concentration of
Solution in Petri

Zolution Plate In Forcent Hear,
Water for Injection 50.¢ 14,48
Sorensen's Buffer [V . 14,77
10.0 13.51

50,0 151
5% Dextrose in Ringer's 0.5 14,34
1e.G 13.62

50.C 16,67

9% Dextrose In seline vl 14.46
10,6 13,20

50.u 9,88

Holding Tine

O minutes 17.55

40 minutes i3.74
8C minutes 10,20
120 minutes Tl

experiment at 22°C in Water for In-
jection was duplicated in experiments
MS4213 and MS4226. The pH of
mixtures of parenteral solution and
double strength Trypticase Soy agar
was determined. The pH did not
change by more than 0.1 pH unit as the
concentration of parenteral or buffer
solution increased from 0.5 to 50%.
If we look at the effect of solution con-
centration at each holding time, we
find that the number of organisms
recovered decreased with increasing
concentrations of the buffer or paren-
teral solution in 11 of the 12 conditions
tested in MS4213, and in 12 out of 12
in M54226. Sorensen’s buffer produced
the largest count reduction and the
effect was very marked at the 50%
concentration level. Both the 5% Dex-
trose in Lactated Ringer's and 5%
Dextrose in Saline (.9% ) had a definite
effect at the 50% level and probably
a small effect at the 109 level; the
5% Dextrose in Water produced the
least effect. The overall effects were

similar in the duplicate experiments;
however, there were some differences
in relative magnitude of the effects.

The relative contribution of the fac-
tors (holding time, solution, holding
temperature) in explaining the vari-
ation observed in the data can be seen
in the analysis of variance (ANOVA)
tables. The contributions to the vari-
ation in the data can be compared by
looking at relative sizes of the F-test
statistics. In Table VII for MS4190
the most important effect is seen to be
the holding temperature factor, In
the ANOVA tables for the heated
spores (MS4169, MS4190, MS4213,
MS4226) the holding time factor is
seen to be more important than the
holding solution or the solution con-
centration in the culture media. For
the nonheated spores of MS4214, how-
ever, the ANOVA in Table X shows
that holding solution here was a more
important factor than the holding
time.

We have not carried out any experi-
ments to try to isolate further the cause
for the change in the number of Ba-
cillus  stearothermophilus spores that
grow out. It is very possible that the
spores that are failing to grow out are
not dead but have reverted into a dor-
mant state.

CONCLUSIONS

1. The holding of either heated or unheated
Bacillus stearothermophilus PCIF spores
in parenteral solutions or in buffer so-
lutions at a temperature of 22°C for 40,
80, or 120 minutes caused measurable
reduction in the number of spores that
grew out when the solutions were plated.

2. The holding time effect varied with so-
lution. It was greater in the solutions
without ions, i.e. Water for Injection and
5% Dextrose in Water than in the so-
lutions with ions, i.e. the phosphate solu-
tions and 5% Dextrose in Saline.
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