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The basic concepts associated with thermal disinfection of contact lenses are
examined, and the mathematical models used to predict the probability of sur-
vival of micro-organisms are described and applied to common ocular
pathogens. Based on that examination, a review of the Australian Standard for
moist heat disinfection of hydrogel contact lenses is recommended. The time-
temperature profiles of several commercially available heat disinfection units
are established, and their performance in comparison to both current and
proposed standards is evaluated.
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Part 1: Review of principles

Heat sterilization, disinfection and
sanitization are concepts based on
the probability of survival of micro-
organisms subjected to heat stress.
They are dependent on the heat
exposure, the number of organisms
present and the heat resistance of
those organisms. Sterilization is the
process of destroying all forms of
microbial life. Disinfection 1s the
process of destroying the infectious
agents. It does not imply stenli-
zation. Sanitization, which is re-
duction of the microbial population
to safe levels as judged by public
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temperature analysis.

health standards, is the most
common result of disinfection.

Moist heat is used by many
patients and practitioners to dis-
infect hydrogel contact lenses.
Thermal disinfection of a heat
labile product, such as a soft contact
lens, requires a process that ensures
sanitization without product de-
gradation. Both under- and over-
heating will produce an un-
acceptable result.

Several factors arise when con-
sidering the characteristics of an
acceptable sanitization process.
Firstly, the type, the number and
the heat resistance of the micro-
organisms associated with the
contact lenses need to be assessed.
Using this information, 1t 1is
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probablity of survival, time-

possible to predict the pmbabil\ity
of the micro-organisms surviving
a given ireaimeni. Secondly, the
efficiency of the process should
be clinically tested by the use
of challenge micro-organisms.
Thirdly, the time and temperature
coeffecients of the procedure should
be monitored 1o ensure that the
correct lemperatures are con-
sistently reached. In this paper, we
briefly review some of the litera-
ture on the first two topics, and
then present resulis of time and
temperature analyses of some
commercially available heat-dis-
infection units.
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Figure 1. Graphical representation of the decay and probability of survival of a
microbial population subjected to a disinfection process as a function of time.
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Figure 2. Graphical representation of the relationship between the D value and

temperature.
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Figure 3. Schematic representation of temperature measuring apparatus.

Microbial death

Just as the growith of micro-
organisms can be shown to be ex-
ponential, microbial death occurs
at a constant rate that is essentially
the reverse of their exponential
growth. The survival characteristics
of a bacterial colony subjected to
a disinfection procedure are pre-
sented in Figure 1. The degree of re-
sistance of the micro-organisms 10
disinfection is represented by the D
value or the time (in minutes) taken
for the colony to decrease in
number by a factor of ten. For any
individual micro-organism, the D
value determines the probability of
survival as a function of time. The
smaller the D value, the lower the
resistance 1o siress.

The D wvalue is influenced by
many environmental factors,
including pH, tonicity. nulrients,
bacteriostatic agents, and the age
of the bacterium. Of particular
relevance 1o this study 15 tem-
perature. Within limits, there is a
linear relationship between the
logarithm of the D wvalue and
temperature' (Figure 2). The tem-
perature change ("C) required to
change the D value by a factor of ten
is called the z value, The smaller the
z value, the more heat sensitive the
organism. D and z values can be
determined experimentally for
micro-organisms and  apphed
mathematically to predict the pro-
bability of survival of a disinfection
process.

Some margin of safety is often
incorporated in the design of
stertlization and sanitization pro-
cesses 10 ensure a low probability of
microbial survival. An assurance of
one in a million probability of
survival regardiess of microbial
numbers and heatl resistance has
been recommended for the steam
sterilization of thermally sterilized
parenterals'. A similar safety
margin shall be adopted
in this paper for the destruction
of wvegelative micro-organisms
associated with contact lenses and
their accompanving solutions.

The probability of survival of a
species of organism as a function of
time and tlemperature can be
quantificd by the following
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equations (adapted from saturated
steam  slerilization  procedures
described in Parenteral Dru§ As-
sociation Monograph No. 1)

Log P(1) = log N,.¢ — VD i1
Log P(1) = log N,p —
1=0 1/D(t).dt (2)
Log D(T) = log D(T,p) —
((T-T,./2) (3)

where

P(t) = Probability of survival
of a bacterial colony

N,—o Number of micro-
organisms at 1=0

D(t) = Measure of heat
tolerance at any given
instant

1 =  Duration of
disinfection

1] =  Ambient temperature

z = Measure of 1olerance
10 change 1n
temperature

D(T) = D value at any given
lemperature

DT, = D value at reference

temperature, T,

Equations (1) and (2) apply o
constant and variable temperature
environmenis respectively.

Challenge micro-organisms

Busschaert et al® investigated the
efficacy of moist heat disinfection
of hydrophilic contact lenses by
examining the mortality of colonies
of micro-organisms. Those species
investigated included common
ocular pathogens as well as heat
resistant species. As pari of their
study, they established D and z
values for manv of the micro-
organisms used. Within that group.
Streptococcus faecalis was the mosi
heat resisiant species. Some of their
results are presented in Table 1.
They also demonstrated experi-
mentally that exposure 1w 80°C
temperature for 10 minutes and
75°C for 5 minutes were both
satisfactory for moist heat

10

Organism Temp (°C) I Value (min) £ Value (°C)
Sireplococcus faccalis 55.0 a.16 KBS
Staphylococcus aurcus 55.5 4.21 583
Candida albicans 34.0 287 5.49
Escherichia coli 55.0 13.46 335
Proteus vulgaris 55.0 225 4 .48
Pseudomanas aeruginosa 55.0 1.02 4.30

Table 1. D and 7 values of some micro-organisms

{extracted from Busschaert et al, 1978).
Organism Temp D Value Time to Destroy Log
{*C) (min) 10" Organisms  (Reducation
(min}) per minute)
Strepi.faecahs 66 0.52 9.4 1.9
67 040 7.3 25
68 0.31 56 3.2
69 0.24 4.3 4.2
70 0.18 23 5.6
71 0.14 26 g S |
T2 0.11 2.0 9.1
73 0.084 1.5 11.9
74 0.065 .2 154
75 0.050 0.9 20.0
Staph. aureus 70 0014 0.25 73.0
Candida albicans 70 0.0034 0.063 286.0
Escher, coli 70 0.0210 0.38 47.0

Table 2. I values and disinfection rates at various temperalures
{extrapolated from the data in Table 1).

disinfection when the initial load
was approximately 10° organisms.

The figure of 10” organisms is
significant for contact lens dis-
infection. It represents an order of
magnitude estimate of the number
of bactena that may be present
per cubic millimeter of solution
on a contact lens. This presumes
microbial dimensions of average
magnitude’ and that the siorage
saline for the contact lens is un-
contaminated. If the latter was not
true, which may anse, for example,
when patienis re-use saline or use
non-preserved saline, 10'° or-
ganisms or more may be present.
Obviously the disinfection pro-
cedure should be designed around
the potentally more dangerous
situation. Incorporating a safety
factor of one in a million survival
probability (107°), the procedure
should be designed to destroy in
excess of 10'* organisms.

From Table 2. 1t would seem that
a short exposure (slightly in excess
of three minutes) to temperatures of
70°C will be highly effective in
destroving this quantity of the heat
resistant species S. faecalis. When
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the more heat sensitive ocular
pathogens are considered. ex-
posures of less than one minute to
70°C are required for saninzation of
contact lenses. Exposure to a
temperature of 70°C for 5 minutes is
incorporated for example as the
design principle of the new United
Swates Food and Drug Admini-
stration approved Bausch and
Lomb heat disinfection unit. The
current Australian Standard? for
heat disinfection of hydrogel
contact lenses. on the other hand.
requires temperatures of 80°C for
twently minutes.

Adoption of these lower require-
ments as a revised standard will be
of benefit 1o the contact lens wearer
as it will reduce the possibility of
degradation of lenses.” particularly
those of higher water content. The
shorter processing time will be
more convenient and will en-
courage patient comphance.

Of course. any reduction in the
severity of the disinfection process
must be shown not to compromise
the health of the patient in any wav.
To this end. several margins of
safety can be seen 1o be in-
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Figure 4. The family of curves for the Hydron Eventemnp Mini 1T unit used to
generate the representative time-temperature profile shown in Figure 5.
(o equals one standard deviation).

corporated into this standard. The
first is the choice of the bacterial
load for which the process has been
designed. The probability of a
patient wsing a solution which is
saturated with the heat resisiant
species S, faecalis 15 remote.
Secondly, as only three minutes is
required to sanitize this solution,
extending the period to five
minutes reduces the survival ol any
organism by a factor of 10" . The
heat units are also designed to reach
a temperature somewhat above that
of this standard. The desired time
above the standard is the result of
the time 1aken for the unit 1o reach
that temperature and then cool (rate
of change of temperature 15 several
degrees per minute). A change in
temperature from 70°C w 73°C
almost doubles the eflectiveness of
the process for 8. faecahs. Thirdly,
when the more common ocular
pathogens are considered. ex-
posures of less than one minuie 10
70°C are required for saninization,
Fourthly. as all units will display
variability in their ume and
temperature performance. manu-
thermocouples. Measurements
were recorded everny fifteen  se-
conds. One junction was fixed
centrally within the lens holder
volume via an opening in the lid of

the case. This opening was sealed
with a minimum amount of silicone
compound after thermocouple in-
sertion. The thermocouple was
referenced to melting ice.

The measuring system emploved
15 shown in Figure 3. Temperatures
were derived from emf values using
a simple polynomial expansion
based on calibration tables.''
Owerall calibration of the tem-
peralure measuring system was
done at the melting point of a
sample of napthalene (meliing
point 79.5 = 0.3C) and at the
boiling point of water. Measured
values were within 0.2°C of the
mean standard values.

During repeated measurement
greatest reproducibility of the ume
temperature histories was obtained
during the heating phase of the dis-
infection cycle. Figure 4 de-
monstrates the spread of ume-
temperature performance for the
Hydron Eventemp Mini Il. This
family of curves vielded the un-
certainties 1n the parameters of
interest as shown in Figure 4 and
was typical of all the unis
examined. An average of these
heating curves for the various units
was used to generate the “typical
time-temperature profiles.

Early in the investigation. the
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effect of inversion and oricntation
(left versus right receptacle) of the
case was cxamined using the
Gelflex and Hydron Eventemp
Mini Il units and was found 10 be
insignificant. Duning all subsequent
testing. the contact lens cases were
placed with openings uppermosi.
Left versus right orientation was
randomized. During investigations
both cells were run full to maximize
load.

Results

Figure 5 shows the results obtained
from nine uwnits, Maximum tem-
peratures reached varied from 78°C
{Bausch and Lomb Low Heat Umnit)
to 92°C (Hydron Microheater).
Time taken to peak temperature
ranged from 19 minutes (Allergan)
10 45 minutes (Bausch and Lomb
DU 1V). These profiles are
consisient with those reported by
Stone et al.”

Discussion

When considering these results.
care should be taken not to place
too great an emphasis on any in-
dividual result as only one unit of
each brand has been evaluated.
More important are the overall
profiles which should provide an
outline of the nature of operation of
each unit as well as highlight
significant differences in design.

The units fall into three major
categories. The first appears 10 be
designed 10 meet the more sinngent
Australian standard of 80°C for 20
minutes. These units show a slow
rise and fall in temperature and
peak afier about 35 minutes. They
include the Alcon Microtherm. the
Bausch and Lomb DU IV, and the
Hydron Eventemp Mini 11

The second group comprising
Allergan, Gelflex. Hova and
Hydron Microhealer meet the LS.
standard of 80°C for ten minutes.

The third group did not exceed
80°C for more than a few minutes, if
at all. Included in this group were
the Barnes-Hind Sofimate and the
Bausch and Lomb Low Heat Unit.
facturers may incorporate their own
safety margins to ensure that all
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Figure 5. The time-temperature profiles for all heat disinfection units .
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panel (X).
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The format for the data presentation is given in




units comply with the minimum
guidelines.

AIDS

Throughout this paper, con-
sideration has been given only 10
bacteria and fungi as ocular
pathogens. Recently there has been
concern about the presence of the
AIDS virus within human tears®
and on contact lenses.” Subsequent
recommendations have varied
from surfactant cleaning and then
bﬂilinE for thirty minuies in fresh
saline® 1o exposure 10 78 — 80°C for
ten minutes.®

The work of both Spire e al® and
Martin er al'” suggests that even the
latter standard is excessive. The
former workers moniiored the rate
of inactivation of 10 pl of AIDS
virus concentrate when subjected to
56°C. Afier thirty minutes in-
activation was complete. In an
attempt to simulate the protection
from heat disinfection that might be
provided by serum protein, Martin
er al'® first diluted the viral con-
centrate with human serum. Mo
viral activity was detectable after
ten minutes at 56°C.

On the basis of the sensitivity of
the AIDS virus to heat disinfection,
the proposed revised standard can
still be considered adequate, as it
15 associated with even greater
temperatures and for longer
periods.

Part 2: Time-temperature
analysis of some com-
mercially available heat dis-
infection units

Based on the above review, the
current Australian Standard for
heat disinfection of hydrogel
contact lenses,” of exposure 1o a
temperature of B0'C for twenty
minutes, seems  unnecessarily
stringent, and a requirement of 70°C
for for five minutes with a
maximum not exceeding 80° would
be both adequate for microbial
control and less damaging 10 lenses.
Whatever the requirement, there is
a need to momitor the time and
temperature histories of units to

Contact lens disinfection

ensure satisfactory heat disin-
fection. We present here the resulis
of such analyses and examine how
well  the histories of some
commercially available  heat
disinfection units meet the current
and proposed disinfection stan-
dards. Of particular relevance to
this study are the peak temperatures
and the ume taken 1o achieve these,
along with the peried spent above
both 80°C and 70°C.

Apparatus and methods

Contact lens heat disinfection units
from Alcon, Allergan, Barnes Hind,
Bausch and Lomb (DU IV and Low
Heat Unit), Gelflex, Hoya and
Hydron (Eventemp Mini II and
Microheater) were examined. All
were subjected to a set of ‘normal’
operating conditions. These in-
cluded the use of the specified
voltage while operating at room
temperature (18°C 1o 25°C). Care
was taken to ensure that the lens
case was in immediate contact with
the heating element. All other
manufacturer's directions were
followed.

The temperature within the lens
case was monitored using copper
constantan 30 gauge (B and S)
Although the latter does not reach
the *standard’ 80°C, its acceptance
by the Food and Drug Ad-
ministration has effectively set a
new U.S. standard for thermal
disinfection by default and supports
the need to formally reconsider the
Australian standard.

From a clinical point of view, all
units are highly effective in lens
disinfection if the proposed
standard of 70°C for five minutes is
applied. In choosing preferred
units, consideration can then be
given to other factors, such as the
possible lens degradation resulting
from excessive heat exposure. In
assessing this, attention should be
paid to the peak temperature
obtained as well as the time spent
above 70°C and B0°C. On the
assumption that lower heat ex-
posure will indeed exiend lens life,
the Bausch and Lomb Low Heat
Unit is 1o be preferred followed by
that of Barnes-Hind.
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Less satisfactory would be
Allergan, Gelflex or Hoya de-
pending on the preference for either
the lower peak temperatures for
a longer time or the higher
temperatures for a shorter ex-
posure.  Alcon’s  Microtherm,
Hydron's Eventemp Mini 1 and the
older Bausch and Lomb DU IV
were rated lower because of their
prolonged high temperature phase.
The Hydron Microheater was least
preferred because it lacked an auto
shut down mechanism.

Conclusion

The current Australian Standard
for heat disinfection® of hydrogel
contact lenses of exposure 1o a
temperature of 80°C for twenty
minutes seems to be excessive In
light of the literature reviewed here.
A revised standard, with the
disinfecting temperature to exceed
70°C for five minutes (but not to
exceed B0'C), 1s recommended.
Using such a criterion, all
commercial heat disinfection units
examined here were efficient at
disinfection, but only the Low Heat
Unit of Bausch and Lomb and that
of Barnes Hind uuhze this lower
temperature Criterion.
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