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Factors influencing the survival of chlamydiae after freezing were reexam-
ined. From the data presented, it is suggested that preservation of laboratory-
grown chlamydiae is best achieved through the use of sucrose as the cryoprotec-
tive agent, in the presence of l0c4 serum. Dimethyl sulfoxide and glycerol are
more toxic. The period of exposure to sucrose before freezing must be kept as
short as possible and be at 4°C rather than at room temperature. The rate of
cooling during freezing in sucrose is not important; however, cooling at a rate
slower than 1°C/min should be avoided. Since chlamydial survival is increased
by rapid thawing, the volume of the sample should be kept to a minimum.
Thawed suspensions should be inoculated onto cell monolayers without delay.
The application of these methods may increase the proportion of stored clinical
specimens in which chlamydiae can be found.

There is increasing evidence that the patho-
logical effects of Chlamydia trachomatis ex-
tend beyond the concern of the ophthalmologist.
Although the pathogenic role of this species of
chlamydiae in genital disease of man has not
been confirmed by fulfillment of Koch's postu-
lates, recent work strongly supports this associ-
ation (5, 8, 9). Studies of chlamydial genital
infection depend partly on a reliable method of
detecting the microorganisms. The true effi-
ciency of the isolation techniques used at pres-
ent is unknown.
The most sensitive system currently used to

detect chlamydiae is growth in tissue culture
monolayers. Since these microorganisms are

labile, specimens awaiting culture are fre-
quently stored in the frozen state. The damag-
ing effect of freezing on chlamydial organisms
was reported by Hanna (4), but this reduction
in infectivity must be weighed against the la-

bility of the microorganisms in the unfrozen
state. The advantages of storing clinical speci-
mens containing chlamydiae at or below -70°C
have been reported by Gordon et al. (3) and
Darougar et al. (1), whereas Reeve et al. (10)
maintain that freezing specimens reduces the
number of chlamydial isolates by 20n4. The
methods used by these groups were not, how-
ever, comparable.
The storage of chlamydiae during transport

from the patient to the tissue culture mono-

layer is an important part of the isolation proce-

Present address: Department of Virology, The Church-
ill Hospital, Headington, Oxford OX3 7LJ, United King-
dom.

dure. The ways in which loss of these microor-
ganisms due to freezing might be diminished
have now been investigated by cooling cultures
under controlled conditions.

MATERIALS AND METHODS
Culture of microorganisms. Three strains of chla-

mydiae were used in these experiments. Lympho-
granuloma venereum 404 L (LGV) and C. trachoma-
tis T/19 C/TN/IOL-564/OT from a trachoma patient
were obtained from the Institute of Ophthalmology,
London. The third strain was C. trachomatis cul-
tured from the urethra of a patient suffering from a
nonspecific urethritis. The organisms used in these
experiments had been passed two to six times in
McCoy cell cultures. Fresh inoculum was prepared
from McCoy cells infected with chlamydiae 3 or,
rarely, 4 days previously. Glass beads were added to
a flat-bottomed 5-ml vial containing a culture, and
the cells were disrupted by a Whirlimixer for 40 s
and then centrifuged at 600 x g for 4 min. The
supernatant suspension was diluted, in some cases,
to a concentration suitable for the assay system.

Composition of media. The phosphate-buffered
sucrose solutions used to preserve chlamydiae are
based on the work of Weiss and Dressler (11), who
recommended the use of a 0.4 M sucrose-sodium
phosphate medium. A recent symposium (12) sug-
gests the use of 0.2 M sucrose-potassium phosphate
as a transport medium for clinical specimens (3) and
a sodium-containing solution for storage of har-
vested chlamydiae.
The constituents of the media used in this study

are summarized in Table 1. The complete medium
with antibiotics (CMA) (3) was only used as a
growth medium for McCoy cells. CMA with added
glucose (4.5 mg/ml) and double the amount of fetal
calf serum (FCS) is denoted CMGA. This was used
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TABLE 1. Composition of media

Medium Diluent FCS (%, vol/ Buffer Final concn of additional
vol) constituents

CMA MEM" 5 4.4% (wt/vol) sodium Glutamine, 200 ,tM
bicarbonate ad- Vancomycin, 100 Ag/
justed to pH 7.4 (un- ml
less otherwise Streptomycin, 50 ,ugl
stated)b ml

Vitamins, 1% (vol/vol)
(Flow Labs)

CMGA MEM 10 As for CMA As for CMA, with glu-
cose, 4.5 mg/ml =
0.03 M

NaSP CMGA (1:1) with 0.4 M 10 0.02 M Na2HPO4
sucrose in water =
0.2 M final concn
(=6.8%, wt/vol)

KSP 0.2 M sucrose (=6.8%, 3 or 10 0.02 M K2HPO4/
wt/vol) in water KH2PO4

Sucrose freezing MEM 10 As for CMA Sucrose concn as
solution stated, between 5

and 25% (wt/vol)
"MEM, Eagle minimal essential medium.
b A 20 mM solution of HEPES was occasionally used instead.

regularly to overlay the monolayers after inocula-
tion with chlamydiae and to dilute inocula; it was
also investigated as a cryoprotective agent.
The potassium phosphate-buffered sucrose solu-

tion (KSP) used by Darougar et al. (1) as a transport
medium for frozen clinical specimens awaiting
chlamydial culture contained 3% (vol/vol) FCS. The
inoculum used in these experiments necessarily di-
luted the solution. The usual ratio of KSP to inocu-
lum was 4:1, and occasionally 11.5:1. The sodium
phosphate-buffered sucrose solution (NaSP), diluted
1:1 with CMGA, was used as a cryoprotective agent
to store harvested chlamydiae.
To study the cryoprotective properties of glycerol,

dimethyl sulfoxide (Me2SO), and sucrose, solutions
were prepared in Eagle minimal essential medium
and autoclaved before the addition of buffer and 10%
FCS. Organisms suspended in CMGA were diluted
with an equal volume of double-strength cryoprotec-
tive additive, whether glycerol, Me2SO, or sucrose
solution. The final concentrations of protective sub-
stances are given for each experiment.

Sodium bicarbonate (4.4%, wt/vol) was used to
buffer all solutions to pH 7.4 except those containing
phosphate buffer (KSP and NaSP) and where the
use of 20 mM N-2-hydroxyethyl piperazine-N'-2-
ethanesulfonic acid (HEPES) is specifically men-
tioned.
Method of freezing. Unless otherwise stated,

samples of microorganisms in the different cryopro-
tective media were frozen in 0.2-ml volumes in 2-ml
screw-capped polypropylene tubes (NUNC). The
method of controlling the rates of cooling was that
described by Leibo et al. (6) as modified by Morris
and Farrant (7), the tubes being immersed in differ-
ent vessels cooled by liquid nitrogen. When the tem-
perature of a replicate uninfected sample, as re-
corded by a calibrated copper constantan thermo-

couple, reached -55°C, the samples were plunged
into liquid nitrogen. Some samples were cooled by
being placed in a - 70°C electric refrigerator
(Revco). When samples of 5% (wt/vol) sucrose freez-
ing solution were cooled in polypropylene tubes by
direct plunging into liquid nitrogen, the rate of cool-
ing to -55°C was 175°C/min for 1-ml samples and
367°C/min for 0.2-ml samples.

Small volumes (0.2 ml) were used during freezing
to increase the rate of thawing and to dilute the
cryoprotective agent by the medium overlying the
monolayers, thus avoiding the possible hazards of a
centrifugation step. Unless stated otherwise, sam-
ples were agitated individually in a water bath at
37°C until they thawed.
Method and evaluation of assay. The quantity of

chlamydiae remaining after any treatment was esti-
mated by inoculating duplicate samples, diluted if
necessary in CMGA at room temperature, onto irra-
diated McCoy cell monolayers, as described by Dar-
ougar et al. (2). Occasionally, treatment of the mon-
olayers with 25 ,ug of 5-iodo-2'-deoxyuridine per ml
for 3 days was used instead of irradiation. Three
days after inoculation, the cultures were fixed in
methanol and stained with Giemsa (10%, vol/vol),
and the number of inclusion-forming units was esti-
mated by dark-ground microscopy. In some experi-
ments with a heavy chlamydial inoculum, the mono-
layers were fixed after 2 days of incubation, before
the inclusions coalesced. The usual counting tech-
nique was to observe at least 10 microscope fields on
each cover slip at x 120 magnification. If, however,
the count was low, consistent results were obtained
by examining the whole surface of the cover slip;
alternatively, if a large number of inclusions were
crowding the monolayer, the magnification was in-
creased to x 240 and 10 fields were counted.
The accuracy of this counting procedure was in-
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vestigated by inoculating 12 serial twofold dilutions
of a suspension of genital chlamydiae and counting
the resulting inclusions by the most convenient
method. To compensate for the different magnifica-
tions used, the total number of inclusions on the
cover slip was calculated in each instance. The lin-
ear relationship between the concentration of orga-
nisms and the estimated number of inclusion-form-
ing units is demonstrated in Fig. 1.

Analysis of significant differences. The signifi-
cance of differences between treatment means, for
example between survival at two different rates of
cooling, was assessed by a one-way analysis of vari-
ance of all the data in each experiment. At least two
samples of each treatment were processed identi-
cally, and from each sample at least 10 field counts
were made. Significant differences were taken at
the P = 0.05 level.

RESULTS

Effect of concentration of chlamydiae. The
survival of chlamydiae after thawing might be
affected by the concentration of microorga-
nisms during freezing and by whether inocula
were diluted immediately after thawing. To
study these possibilities, LGV was prepared in
five dilutions and buffered with HEPES. After
freezing in 20% sucrose at 2°C/min to - 196°C
and rapidly thawing, the concentrated suspen-
sions were diluted to equal the most dilute sam-
ple, and the numbers of inclusion-forming units
were assessed. The survival of organisms was

1tor

.

not apparently affected either by their concen-
tration during freezing or by dilution immedi-
ately after thawing.

Effect of cryoprotective substances on chla-
mydiae at room temperature. Preliminary in-
vestigations into the effect of cryoprotective
agents on chlamydial survival at room temper-
ature for 1 h showed that glycerol (10%, vol/vol)
reduced the inclusion count to less than 10% of
the original. The survival in Me2SO (10%, vol/
vol) varied between 10 and 45%. For this rea-
son, further investigation was confined to su-
crose- and FCS-containing solutions.
To study the toxicity of sucrose and serum,

equal concentrations of chlamydiae of genital
origin were prepared in a variety of sucrose-,
sucrose-phosphate-, and FCS-containing media.
These were left at room temperature (23°C) for
2.5 h before inoculation onto McCoy cells (Table
2).

(i) Sucrose. The inclusion counts of chla-
mydial suspensions that had been standing in
5, 10, and 15% sucrose freezing solutions were
not significantly different. However, in 25% su-
crose there was a significant loss of infectivity.

(ii) Fetal calf serum. The greatest survival
was obtained using 10% FCS; increasing the
concentration to 20, 30, or 40% resulted in lower
counts.

(iii) Sucrose-phosphate. KSP (diluted 4:1 by
inoculum) gave similar results whether 3% or
10% FCS was included. However, the inclusion
count after exposure of the chlamydial suspen-
sion to NaSP was significantly higher than it
was when the inoculum was diluted in either of
the KSP solutions.
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FIG. 1. Inclusion counts obtained over 12 serial
twofold dilutions of a suspension of genital chlamy-
diae. To compensate for the different magnifications
used, the total number of inclusions on the cover slip
was calculated. The linear relationship between the
concentration ofchlamydiae and the estimated num-

ber of inclusion-forming units can be seen.

TABLE 2. Effect of cryoprotective agents on genital
chlamydiae at room temperature for 2.5 h

Medium Mean inclusion
counts/field"

Sucrose
5% (wt/vol) 33.8
10% (wt/vol) 34.2
15% (wt/vol) 31.5
25% (wt/vol) 23.7

FCS
10% (vol/vol) 39.8
20% (vol/vol) 27.6
30% (vol/vol) 25.6
40% (vol/vol) 26.1

KSpb
3% (vol/vol) FCS 26.4
10% (vol/vol) FCS 28.3

NaSP,
10% (vol/vol) FCS 35.7

Pairs of means differing by 5.1 or more are
significantly different at the P = 0.05 level.

b Diluted 4:1 by inoculum.

10'

J. CLIN. MICROBIOL.



SURVIVAL OF CHLAMYDIAE AFTER COOLING TO -1960C 7

TABLE 3. Stability ofLGV at 23 and 4°C in CMGA and 20% sucrose

Holding temp
Inclusion counts/field (n = 20) (mean ± standard error)

Medium HolmgCem(0C) Oh 2h 4h 23h

CMGA 23 24.7 + 0.7 25.4 + 0.7 23.3 ± 0.5 23.6 + 0.8
4 22.4 + 0.8 26.2 + 0.7 24.6 ± 1.1

Sucrose (20%, wt/vol) 23 24.7 + 1.3 21.6 + 0.9 22.5 + 0.9 12.7 ± 0. 7
4 24.6 ± 1.1 24.2 + 0.9 28.7 + 1.1

The highest concentrations of cryoprotective
agents that did not significantly affect survival
at room temperature were used in subsequent
freezing experiments.

Stability of LGV at 23 and 4°C. A freshly
grown culture of LGV was suspended in either
CMGA or 20% sucrose solution and held at
either 23 or 4°C. The infectivity of samples was
assayed after standing for 0, 2, 4, and 23 h.
There was a significant reduction in infectivity
in the sucrose solution held at 23°C for 23 h in
contrast to that of the CMGA suspensions at
both temperatures and the sucrose solution at
4°C (Table 3).

Effect of rate of cooling on survival of chla-
mydiae during freezing. In the presence of 20%
sucrose, the survival of LGV was little affected
by varying the rate of cooling between 0.1 and
367°C/min (Fig. 2). In one of the experiments, a
fresh culture of LGV was frozen in 20% sucrose
buffered with 20 mM HEPES. After thawing,
an assay in cultures also buffered with HEPES
resulted in an average inclusion count of90% of
the original unfrozen sample. This control sam-
ple was exposed to sucrose for less than 30 min
at room temperature and had an average of 24.2
inclusions per field. The survival of LGV at the
two cooling rates slower than 1°C/min was sig-
nificantly lower than that at rates between 1
and 10°C/min. In the other experiment shown
in Fig. 2, recently thawed LGV was used,
buffered by bicarbonate throughout. The re-
sulting overall survival was lower, averaging
about 70%. The unfrozen control had a mean of
21.2 inclusions per field. In this instance the
rate of cooling had no significant effect on LGV
survival after freezing.

Similarly, the rate of cooling had a negligible
effect on survival of the genital strain of chla-
mydia when sucrose was used as the cryopro-
tective additive (Fig. 3). Using either 15% su-
crose freezing solution or KSP, containing 6.8%
sucrose, diluted by inoculum 4:1, there was
good survival at all the cooling rates examined.
At only one cooling rate, 7.4°C/min, was the
survival in KSP significantly better than in
15% sucrose. None of the results was signifi-
cantly different from 100% survival.

Effect of the cryoprotective agent on the

IXr
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K

10 10° 10'

Cooling rate l°C per min)

102 10

FIG. 2. Effect ofrate ofcooling on survival ofLGV
after freezing to -196°C in two different solutions of
sucrose (20%, wtlvol): fresh culture buffered with
HEPES (*); and thawed culture buffered with bicar-
bonate (0). Both experiments indicate that survival is
little affected by the rate of cooling.

survival of chlamydiae. A comparison between
the cryoprotective abilities of four different me-
dia is shown in Table 4. Genital chlamydiae
were suspended in either CMGA, 15% sucrose
solution, NaSP, or KSP with 10% FCS (diluted
11.5:1 by the inoculum). Volumes of 0.2 ml of
each suspension were prepared in eight tubes;
two were assayed immediately, and the rest'
were frozen. The three cooling rates used were:
2°C/min using the standard cooling rate equip-
ment; approximately 10'C/min produced by
placing the tubes in a - 70°C refrigerator; and a
direct plunge into liquid nitrogen, which for a
0.2-ml sample is equivalent to a cooling rate of
367'C/min. Results showed that the infectivity
of the unfrozen controls was similar except that
that of the unfrozen control CMGA suspension
was significantly below that ofthe KSP control.
In this experiment all treatments resulted in
significantly less than 100% survival. Orga-
nisms frozen in CMGA were best recovered at
the intermediate rate of cooling, whereas, in
general, the addition of sucrose resulted in sim-
ilar survival at each cooling rate. Chlamydiae
plunged into liquid nitrogen in the KSP, which
contained a smaller amount of CMGA (1:11.5)
than in the experiments shown in Fig. 3, were
damaged as much as the organisms frozen in
CMGA alone, thus showing the inherent varia-
bility of the system, especially after rapid cool-
ing.
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FIG. 3. Effect of rate of cooling on survival from
-196°C of a genital strain of chlamydia using su-
crose as the cryoprotective agent. Using both KSP (0)
and sucrose freezing solution (15%, wtlvol) (0), there
is good survival at all the cooling rates examined.

TABLE 4. Survival of genital chlamydiae after
freezing in four different solutions by three different

methods

Inclusion counts/fielda (mean; n = 20)

Solution Unfrozen 103C/ 367°C/
control 23C/min min' mind

CMGA 19.3 9.7 14.4 10.3
Sucrose 20.3 14.0 12.4 15.0

(15%,
wt/ vol)

NaSP 19.8 15.7 14.7 14.6
KSP 22.1 16.5 15.6 11.6

a Pairs of means are significantly different if they
differ by 2.2 or more.

b As in Materials and Methods.
e -70°C refrigerator.
d Directly into liquid nitrogen.

Effect of thawing rate on the survival of
chlamydiae. The genital strain of C. trachoma-
tis suspended in a 15% sucrose solution frozen
by plunging into liquid nitrogen was thawed at
three different rates. Survival was significantly
greater when the samples were thawed rapidly
by immersion of the whole vial in a turbulent
37°C water bath, whether the volume of suspen-
sion was 0.25 or 1.0 ml (Fig. 4). There was no
significant loss of titer after freezing the
smaller volume if the thawing was done rap-
idly.

Interrupting the thaw at -20°C. Small vol-
umes (0.25 ml) were warmed from -196°C by
placing in a refrigerator at -20°C for 20 min
before immersion in a 37°C water bath. This

I
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Duration of thawing
(min)

40 50

FIG. 4. Effect of duration of thawing on the per-
cent survival of a genital strain of chlamydia frozen
in sucrose freezing solution (15%, wtlvol) by direct
immersion of the samples into liquid nitrogen. The
sample volumes were 0.25 ml (filled symbols) or 1.0
ml (open symbols). The thawing procedures were
agitation in 37°C water bath (squares), standing at
23°C room temperature (circles), and in a 4°C refrig-
erator (triangles). Survival was best if thawing was
rapid; even using the water bath, this required the
use of a small sample volume.

procedure resulted in a significantly lower sur-
vival (77.8%) than when samples were trans-
ferred from - 196°C directly to the water bath
(94.8% survival).

DISCUSSION
Cryoprotective agent. The results of this

work show that chlamydiae can be recovered
completely after freezing to -196°C with su-
crose as the cryoprotective agent. In contrast,
Reeve et al. (10) reported an 80%/c loss of infec-
tivity after a yolk sac suspension had been fro-
zen to -70°C. For many cells and microorga-
nisms, the incorporation of a cryoprotective
agent is essential to obtain significant survival
after freezing. These agents are highly water-
soluble compounds that are either of low molec-
ular weight, like glycerol, Me2SO, and sucrose,
or polymers, like serum albumin. There is evi-
dence that they protect by reducing the amount
of ice formed during freezing and thus indi-
rectly reduce the rise in the concentration of
damaging solutes, for example, electrolytes.
The choice of cryoprotective agent in any sys-
tem is determined initially by its toxicity in
that system. The results of the experiments
described show that either the chlamydial prep-
arations or the McCoy cells used in the assay
system are injured by a toxic effect of the con-
ventional cryoprotective agents glycerol and
Me2SO, but are less affected by sucrose or se-
rum. It is therefore reasonable to use the latter
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agents at the highest concentration that is rela-
tively nontoxic, since cryoprotection is im-
proved as the concentration of the agent is in-
creased.
Rate of cooling. Most of our experiments

showed that, in the presence of sucrose, the
survival of chlamydiae after thawing from
-196°C is little affected by the rate of cooling.
This agrees with the report of Leibo et al. (6)
that in other systems an effective concentration
of cryoprotective agent, particularly sucrose,
tends to improve survival over a wide range of
cooling rates. Variations in the composition of
the sucrose-containing solutions used in the
present study did not seem to have any marked
effect on the post-thaw survival over a range of
cooling rates; the damaging effects of the com-
ponents of the solutions were far more apparent
at room temperature before freezing. The re-
covery of microorganisms before freezing from
CMGA alone was less variable than that from
the other solutions, but the cryoprotective prop-
erties of CMGA were less marked than those of
the sucrose-containing solutions, in that sur-
vival was low at both faster and slow cooling
rates. It is not possible, however, from these
data to say whether the variability in survival
of chlamydiae at room temperature was due
primarily to the predominant action ofthe solu-
tion, to the proportion of CMGA present, or to
the concentration of sucrose itself.

Estimation of survival. Differences between
the survival after freezing chlamydiae in differ-
ent experiments may be due to the inadequate
method of liberating organisms from cells while
preparing the inocula. Intact inclusions may
still be present in the unfrozen control, whereas
the membrane damage occurring during freez-
ing may separate the infectious particles and so
increase the number ofinclusion-forming units.
The very high survival rates seen in some ex-
periments may thus be erroneous.
Rate of thawing. Survival ofchlamydiae was

best when thawing was rapid, which agrees
with results of tests on many other cells and
microorganisms. Indeed, there is now consider-
able evidence that a large proportion of freezing
injury occurs during the rewarming phase and
that this can be minimized by rapid thawing.

Application of the findings to clinical speci-
mens. The results described may not necessar-
ily apply to clinical specimens that possibly
contain a variety of toxic substances, especially
if taken from a genital region. It cannot be
assumed that, as shown for experimental sus-
pensions, there would be a negligible loss of
organisms kept in CMGA or sucrose solutions
at 4°C for 23 h. The unknown toxic factors may
be more damaging than the effects of freezing

or the toxicity ofthe cryoprotective agent. How-
ever, the detrimental effect of freezing was no-
ticed by Reeve et al. (10), who cultured identi-
cal clinical specimens before and after a cycle of
freezing and thawing. They found chlamydiae
in 20% fewer specimens after this procedure.
Using methods recommended in this study, this
loss may be reduced so that the technique of
using frozen clinical' specimens for the detection
of chlamydiae would be not only very conven-
ient but also more reliable than in the past.
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