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The Survival of Pasteurella pestis in Materials
Preserved by Solid Carbon Dioxide (Dry-Ice)*
MARTIN I. GOLDENBERG,1 STUART F. QUAN 2 & FRANK M. PRINCE 3

In the investigation of outbreaks ofplague it is frequently more satisfactory to send
specimens of suspected material collected in the field to a central laboratory, where usually
better facilities for their more detailed examination are available. In the present study the
authors have investigated the suitability ofsolid C02 (dry-ice) for the preservation ofsuch
material during transit. Three types of preparation were tested: broth suspensions of
Pasteurella pestis, the livers and spleens ofguinea-pigs dying after being infected with two
different strains of P. pestis, and whole carcasses ofmice andground-squirrels infected with
the organism. An additional test to ascertain the rate at which animal specimens became
frozen and thawed was also carried out.

These studies showed that (1) organisms in the various tissues frozen in dry-ice were
not adversely affected by such treatment; (2) the survival of P. pestis cells did not depend
on the number of organisms present in broth cultures or tissue suspensions, small numbers
surviving equally well as large; and (3) plague bacilli contained in whole carcasses, even
when present in small numbers, were also successfully preserved. It is concludedfrom these
results, and also from the authors' practical use of the method over several years, that for
the transport ofplague-suspect materials from the field to the laboratory freezing with dry-
ice can be confidently recommended.

In investigations of plague the processing and
examination of animals collected in the field are
facilitated by transporting their bodies to a central
laboratory for detailed study. In the past such
animals were autopsied in the field and specimens
of their tissues preserved during shipment by placing
them in thermo-insulated jugs packed with ice
(Henriques, 1942; Link, 1950); little or no attempt
was made to ship whole animals. For various
reasons " dry-ice " (solid C02) was found to offer
a more convenient and effective means of refrigerat-
ing tissues and has been used to ship whole animals
at a temperature well below that at which putrefac-
tion occurs. Two advantages gained by the use of
dry-ice are: (1) workers in the field need not perform
autopsies and therefore can devote more time and
effort to the collection of specimens, and (2) a more
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detailed examination of each specimen can be made
in the central laboratory.
While the use of dry-ice is designed t6 protect the

specimens, its effect on any plague bacilli that may
be present has not hitherto been fully determined.
Studies have been reported concerning the effect of
CO2 on growing cultures of plague organisms
(Delwiche et al., 1959), but little is known of the
effects of CO2 on plague organisms in the frozen
state. Despite this-or perhaps because of this-
the use of dry-ice for the shipment of plague-suspect
materials has not been recommended by the Division
of Foreign Quarantine, US Public Health Service
(Foreign Quarantine Manual of Operations, 1948).
On the other hand, dry-ice has been used with success
by the San Francisco Field Station for several years
(Kartman et al., 1958, 1959). Therefore, if this
procedure is to be continued and recommended it
must be ascertained whether or not C02, as dry-ice,
has any deleterious effect on the organisms. Accord-
ingly, a series of experiments was planned to deter-
mine the fate of Pasteurella pestis cells in various
materials frozen by dry-ice; the results of these
experiments are reported here.
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METHODS

The study was divided into three parts designed
to test respectively the effects of storage in dry-ice
on: (I) broth suspensions of P. pestis; (2) infected
tissue suspensions; and (3) infected whole animals.

In the first part the suspensions tested consisted
of brain-heart infusion broth cultures of P. pestis,
Alexander strain. These cultures were grown at
280C for 24 hours; as their density ranged from
one million to 25 million viable cells per ml they
were variously diluted so that some of the samples
tested contained as few as 10 organisms per ml.
The bacterial plate count of the test suspension

was obtained by making serial tenfold dilutions,
plating appropriate dilutions on blood agar, and
counting the resulting colonial growth 48 hours
later. In one test group one or more dilutions were
dispensed into small glass ampoules which were
then sealed in a flame, while in the other group
various dilutions were placed in cotton-plugged
test-tubes (12 mm x 75 mm). Both sets were placed
in a thermo-insulated flask, dry-ice added, and the
flask examined at regular intervals, when more dry-
ice was added if needed. Two or three days after
the suspensions were frozen, samples were removed
from the flask, thawed rapidly in a 37°C water-
bath, and counted by diluting and plating. After 14
days of storage, the remaining samples were removed
from the flask and treated in a similar manner.
The two-week storage period was used to simulate
the maximum period that samples might be in transit.

In the second part of the study, tests were made
on the livers and spleens of guinea-pigs dying after
infection with P. pestis. In two of three trials the
Alexander strain of the plague bacillus was used,
while in the third the animals were infected with the
195/P strain. These specimens were treated as
follows: after excision the livers and spleens were
weighed, ground in sterile mortars, and normal
defibrinated guinea-pig blood added to make 20%
or 25% suspensions; it was shown that inactivation
of the blood in a water-bath at 560C for 30 minutes
had no effect on the final results. The suspensions
were counted by serial dilution and plating on
blood agar. In the first two trials the suspensions
were frozen without being diluted; they contained
from 10 million to 500 million organisms per ml.
In the third trial therefore the tissues were diluted,
so that in this way both concentrated (104_106/ml)
and diluted (101-102/ml) cell suspensions were tested.
On the second and 14th days after freezing, samples

were removed from the flask, thawed rapidly, and
bacterial counts again made.

In the third part, in which whole animals were
examined, 18 white mice were inoculated intra-
venously with 10 000 P. pestis cells (strain 195/P),
and 4 hours after inoculation all were killed by
extension of the cervical vertebrae. Of the 18 mice
6 were autopsied and the average number of organ-
isms present in the livers and spleens was determined
by grinding these organs and making viable-cell
counts on the resulting suspensions. The other
12 intact carcasses were placed in paper bags and
frozen in the thermo-insulated flask with dry-ice.
On the second day after freezing 6 of them were
removed from the flask, allowed to thaw at room
temperature (20°C), and viable-cell counts carried
out on the livers and spleens. Lastly, on the 14th
day after freezing the remaining 6 mouse carcasses
were thawed and treated in a similar manner.

In a further study of whole animals 9 ground-
squirrels (Citellus beldingi) also were tested, but
here a different procedure was followed. The squir-
rels, dying after infection with the Yosemite 107
strain of P. pestis, were autopsied and one-half of
the spleen, a portion of the liver, and one kidney
removed; these tissues were weighed and ground,
and counts performed as before. The rest of the
carcass was then placed in a paper bag and stored
with dry-ice for two weeks, at the end of which
time it was thawed at room temperature and the
remaining portion of the spleen, another portion
of the liver, and the second kidney were excised,
weighed, ground, and counts again carried out.

Since it was desirable to ascertain the rate at
which animal specimens became frozen and then
thawed, the bodies of a 25-g mouse, a 300-g squirrel,
and a 790-g guinea-pig were used for this purpose.
A thermistor probe was inserted via the mouth into
the stomach of each animal, the probe connected
through a thermometer to a paper-tape recorder
(Tele-thermometer, Model 42, and Laboratory
Recorder, Model 80: Yellow Springs Instrument Co.,
Inc.),' and the carcass then frozen and thawed.

RESULTS

Broth suspensions
P. pestis cells were suspended in broth and stored

with dry-ice in seven experiments, all of which pro-

"The use of trade names is for identification purposes
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Health Service, US Department of Health, Education, and
Welfare.



SURVIVAL OF PASTEURELLA PESTIS IN MATERIALS PRESERVED BY DRY-ICE

TABLE 1. THE VIABILITY OF BROTH SUSPENSIONS OF
PASTEURELLA PESTIS CELLS FROZEN WITH DRY-ICE

Viable cell counts
(average no. of organisms/ml)

Trial a
Before Thawed Thawed
freezing after 2 days after 14 days

I Open 6.75 x 108 3.13 x 108 1.27 x 10'
Closed 6.75 x 10' 3.00 x 10'1 2.43 x 10'

2 Open 1.69 x 108' 9.61 x 107| 8.23 x 107
Closed 1.69 x 10'| 9.22 x 107 8.77 x 10'

3 Open 241 19 24
Closed 241 16 18

a Each trial consisted of 6 open and 6 sealed vials at each
determination or 36 vials in all.

duced similar results. Representative data from
three of these experiments are shown in Table 1.
The suspensions used in these studies had initial

viable-ell counts ranging from 241 cells to 675 mil-
lion cells per ml. In all cases, examination of the
thawed samples after two days of storage showed a
substantial decline in the number of viable organisms.
However, as this mortality was due to the damage
caused by freezing and thawing and was not related

to the presence or absence of carbon dioxide, the
effects of storage in CO2 were thus not shown by
this particular finding, but rather by comparing the
counts of the sealed and unsealed samples obtained
on the second and 14th days. Statistical analyses
(employing the " t" test and analysis of variance)
indicated that no significant changes in the bacterial
counts occurred up to the 14th day of storage.
To obtain some evidence of the amount of CO2

gas entering frozen materials in the cotton-plugged
tubes the pH of portions of the thawed samples
was determined immediately after the counting
procedures were completed. Before freezing the
average pH of the suspension was 7.2+0.2, while
after 14 days' storage the average pH of sealed
samples was 6.5 and that of exposed samples was

6.8; there is no significant difference between these
latter two values within the range of experimental
error. Thus it would seem that there was little or no
effect on the pH which could be attributed to the
diffusion of CO2 into the sample.

Tissue suspensions
Table 2 illustrates the results obtained when

P. pestis cells were stored in tissue suspensions. The
most striking difference seen between these data

TABLE 2. THE VIABILITY OF PASTEURELLA PESTIS CELLS IN TISSUE SUSPENSIONS FROZEN WITH DRY-ICE

Viable cell counts (average no. of organisms/ml)
Trial a Tissue Vials

Before freezing Thawed after2 days Thawed after 14 days

I Liver Open 1.50 x 10' 1.74 x 10' 1.03 x 10'
Sealed 1.50 x 10' 2.38 x 10' 1.48 x 109

Spleen Open 5.50 x 10' 1.95 x 10' 2.15 x 10'
Sealed 5.50 x 10' 7.18 x 10' 5.45 x 10'

2 Liver Open N.D.b 3.50 x 10' 2.83 x 106
Sealed N.D. 3.25 x 106 3.43 x 10'

Spleen Open N.D. 2.35 x 10' 2.16 x 107
Sealed N.D. 2.83 x 107 2.62 x 107

3 Liver Open 2.55 x 105 3.76 x 105 3.94 x 10'
Sealed 2.55 x 105 4.58 x 105 4.84 x 105

Concentrated
Spleen Open 7.20 x 106 8.76 x 10. 7.27 x 10'

Sealed 7.20 x 106 9.18 x 1C' 1.37 x 10'

Liver Open 70 38 30
Sealed 70 20 27

Diluted
Spleen Open 765 560 592

Sealed 765 513 474

a Each trial consisted of 6 open and 6 sealed vials at each determination, or 36 vials for each tissue. b N.D. = Not determined.
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and those for the broth cultures is that there was
little or no bacillary mortality due to freezing and
thawing, especially in the samples containing
numerous organisms.
Comparison of the two-day and 14-day counts

showed no significant loss in viability caused by
exposure to dry-ice. Again, survival was independent
of the original number of organisms present, and
statistical analyses confirmed these conclusions.

Whole animals
Table 3 presents data regarding the fate of plague

bacilli in intact carcasses. The findings in only one
trial with mice are shown since the results obtained
with this species were not so precise as those obtained
in later experiments with squirrels.

It will be seen that P. pestis cells could be recovered
from all specimens after 14 days' storage in dry-ice
and that, as in the other tests, successful recovery
was not dependent on the initial concentration of
organisms in the tissues. The bacterial counts
obtained at the end of the storage period did not
differ from the original counts, within the range of
experimental error. The data obtained from the
temperature recordings were plotted and provided
the curves shown in the accompanying figure. The
recordings obtained in these trials could not be
converted to precise temperature readings and the
graph, therefore, was drawn to indicate only
approximate values. As expected, the mouse carcass
froze and thawed much faster than did the larger
carcasses of the squirrel and guinea-pig. However,

0

.E

x

'C

-0.

TABLE 3
THE VIABILITY OF PASTEURELLA PESTIS CELLS IN

INTACT ANIMALS PRESERVED BY DRY-ICE

Viable ce ll counts
(average no. of organisms

per g of tissue)
Trial a Tissue

Thawed ThawedBefore after after
freezing 2 days 14 days

Mouse liver 2 000 442 209
Mouse spleen 4083 4871 4628

Squirrel spleen 2.90 x 10' N.D.b 2.49 x 109
2 Squirrel liver 5.75 x 108 N.D. 1.22 x 10'

Squirrel kidney 8.75 x 107 N.D. 7.90 x 107

Squirrel spleen 3.63 x 106 N.D. 3.22 x 106
3 Squirrel liver 1.75 x 106 N.D. 4.97 x 10'

Squirrel kidney 3.27 x 104 N.D. 5.30 x 10'

Squirrel spleen 7.05 x 10' N.D. 1.84 x 106
4 Squirrel liver 3.07 x 106 N.D. 9.75 x 105

Squirrel kidney 1.47 x 10' N.D. j 6.25 x 105

aEach trial consisted of 6 mice at each determination, or
18 mice in all. The results for squirrels were based on one
animal per trial.

QN.D. = Not determined.

it is noteworthy that all six of the freezing and
thawing curves exhibited a plateau at -2°C. For
all three species the carcasses remained at this
temperature for a short time during the freezing
process, and for a longer time while they were
thawing.

SUMMARY OF FREEZING AND THAWING TIMES
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Effect of storage on virulence

In each of the three types of studies described
above, observations were made to determine whether
storage in dry-ice affected the virulence of the plague
organisms. The tests were made by inoculating the
stored material, or dilutions thereof, into white
mice at the end of the storage period and comparing
the number of resulting deaths with the number
occurring when similar procedures were carried out
before storage. It was found that the virulence of
the bacilli was essentially unchanged at the end of
the storage period.

DISCUSSION

Dry-ice has been used at the San Francisco Field
Station since 1957 to preserve specimens during
shipment or transport from the field. On many
occasions P. pestis was isolated from a variety of
materials so treated. Therefore, it might be argued
a posteriori that exposure to dry-ice had no delete-
rious effect on the organisms. However, it should be
noted that inoculation of albino laboratory mice is a
very sensitive method for the detection of plague
bacilli; thus, a tissue concentration of bacilli
numbered in the millions or billions can suffer a

1000-fold or even a 100 000-fold reduction in bac-
terial count and still be infective for this highly
susceptible animal. Accordingly, it is the specimen
containing few organisms, as, for example, material
from an incipient or convalescent case of the disease,
that must be considered here.
The only previous study on the preservation of

specimens containing P. pestis with dry-ice is that
of Miller & Drake (1956). These workers examined
infected mice preserved in dry-ice for periods up

to seven days and found, as we did, that plague
organisms in high concentrations were not adversely
affected by such storage. However, they measured
only the ability of infective spleen suspensions to kill
test mice, comparing stored material with material
from freshly dead animals which contained very

large numbers of plague bacilli. This method,
therefore, had several drawbacks: (1) only large
numbers of bacilli were tested; (2) a reduction in
virulence would be indistinguishable from a reduc-
tion in the number of surviving viable organisms;
and finally (3) in field work it is essential to test
specimens containing relatively few organisms, and
this could not be done by the technique employed
by Miller & Drake.

The present study was undertaken to determine
the actual numbers of organisms present in the
materials being stored, especially when the number
of these was small. It was planned to differentiate
between what has been called " immediate " death,
that is, death due to the processes of freezing and
thawing, and " storage death ", which is a function
of time and temperature (Weiser & Osterud, 1945).
In addition, our samples were exposed to dry-ice
for a longer period of time than were those of
Miller & Drake, so that a more rigorous test of the
effects of such storage was provided. The three
strains of P. pestis employed by us were the Alex-
ander and 195/P strains, both highly virulent, and
the Yosemite 107 strain, which is slightly less
virulent; avirulent strains were not used. There
was no evidence to suggest that stability during
storage was affected in any way by the virulence of
the organism or, conversely, that virulence was

affected by storage.
The data on pH levels in broth cultures indicated

that there was little or no change in acidity of the
stored samples. It is possible that the surface of
the sample, when frozen, presents a barrier to the
diffusion and penetration of carbon dioxide gas and
thus the organisms contained within the sample are

protected. Similarly, animal tissues appear to protect
the organisms from the harmful effects of the pro-
cesses of freezing and thawing (see discussion by
Fry (1954)), although no doubt there is always some
bacterial mortality. Furthermore, the probability
exists that the original number of organisms in a

sample may be so low that they would be lost during
even a short period of storage; on the other hand,
the recovery of organisms from such low-density
samples is difficult even when the material is fresh.
Therefore, this small probability need not rule out
the use of dry-ice. Since our primary interest in
the use of dry-ice was to evaluate its suitability for
the preservation of plague bacteria contained in
whole-animal specimens the finding that the tem-
perature of the animal carcasses remained around a

level of -2°C for extended periods during freezing
and thawing is important. This temperature-curve
plateau, which apparently is due to the latent heat
of fusion of the materials in the animal's tissues
and is therefore unavoidable, is undesirable since
this temperature lies within the range considered
lethal for micro-organisms suspended in aqueous

solutions (Smith, 1954). Nevertheless, we are con-

cerned here with bacilli contained in the animal's
tissues and body fluids, and since the proteins con-

K
745



746 M. I. GOLDENBERG, S. F. QUAN & F. M. PRINCE

tained in these substances apparently exert a pro-
tective effect on the organisms they thus negate to
some extent the adverse effect of prolongation of this
lethal temperature.

In view of these findings, we can recommend
without reservation that P. pestis-suspect materials
be transported in containers with solid carbon
dioxide (dry-ice).
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R SUMIP

Lorsque se produisent des poussees epidemiques de
peste, il peut etre necessaire d'acheminer vers un labo-
ratoire central, pour examen, des echantillons de materiel
suspect, en particulier des cadavres d'animaux non
autopsies. La conservation et le transport en bouteille
isolante refroidie par de la glace pilee n'assure pas une
temperature assez basse, surtout s'il s'agit de maintenir
intacts des cadavres entiers. Les auteurs ont utilise depuis
plusieurs annees la neige carbonique (CO2 solide) avec
succes, mais jusqu'ici aucune etude systematique de la
survie du bacille pesteux, dans ces conditions, n'avait et
effectuee.

Les auteurs donnent les resultats de l'etude qu'ils ont
entreprise sur la viabilite du bacille pesteux conserve sous
neige carbonique - pendant des laps de temps variables,
allant jusqu'a deux semaines - soit sous forme de sus-

pensions en bouillon de culture, de suspensions de
broyats d'organes ou au sein de cadavres animaux.
Ces etudes ont montre que les bacilles pesteux presents

dans l'un ou l'autre de ces types de materiel n'etaient pas
affectes par la neige carbonique. La survie des bacilles ne
depend pas non plus du nombre de bacilles presents, ni
dans les cultures ni dans les carcasses d'animaux. La
temperature de refrigeration des carcasses, qu'il s'agisse
de souris, d'ecureuils fouisseurs ou de cobayes, atteignit
un plateau de -2° C, qui ne nuisit cependant pas a la
survie du bacille pesteux, probablement protege par les
proteines des tissus animaux.

Les observations faites permettent aux auteurs de
recommander sans reserve l'emploi de la neige carbo-
nique pour le transport des echantillons contenant le
bacille pesteux.
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