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Evaluation of effects of transient shipping conditions on biological indicators
containing spores of Bacillus atrophaeus: population and resistanceper formance

ABSTRACT

The effect of transient shipping conditions on biological indicators was investigated by
sending three sets of SGMStrip biological indicators and three sets of EZTest® self-
contained units each containing three different lots of Bacillus atrophaeus ATCC 9372
(formerly Bacillus subtilis subspecies niger) on separate occasions to a distributor in
Europe, on to a customer in Sweden and back to SGM Biotech in Bozeman, MT to
simulate a regular shipping routine. A set was boxed identically and stored at controlled
room temperature at SGM. Initial population assays and ethylene oxideD-values were
determined on all sets before shipping. Transient shipping conditions were continuously
monitored by placing aTinytagPlus® humidity and temperature data monitor in each
shipment. Transient shipping conditions were unexpectedly stable, exceeding controlled
room temperature specifications by only a few short/small excursions. Relative humidity
was quite stable as well. Populations and DEO-values were repeated on all sets after the
return of those that had been shipped. There were no statistically significant decreases
between initial DEO-values or populations (pre-shipping) and those determined after either
shipping or storage. Transient shipping conditions such as these have no negative effect
on the viability or performance of this type of biological indicator.

INTRODUCTION

Customers and regulatory agencies have requested BI manufacturers to document the
effects of transient shipping conditions on their products. When shipping biological
indicators direct to distributors overseas, a rangeof four to twenty days in elapsed times
depending on the method of shipment are not unusual. Various holding times up to
several daysare often added before reshipping to customers.

SGM Biotech recommends that BI’sbe stored at controlled room temperatureand within
a range of 20% to 70% relative humidity for optimum stability. Controlled room
temperature is defined in USP 25 (1) as “A temperature maintained thermostatically that
encompasses the usual and customary working environment of 20º to 25º C (68º to 77ºF);
that results in a mean kinetic temperaturecalculated to be not more than 25ºC; and that
allows for excursions between 15º and 30ºC (59º to 86ºF) that are experienced in
pharmacies, hospitals and warehouses…” “An article for which storage at controlled
room temperature is directed may, alternatively, be stored in a cool place, unless
otherwisespecified . . . on the label.” Cool is defined as “…any temperature between 8°
and 15°C (46º to 59ºF)” . The USP does not address any particular relative humidity in
these environments.



Since theactual transient environmental conditions encountered during modern shipment
of biological indicatorsand their concomitant effects are not well documented, SGMStrip
and EZTest self contained biological indicatorscontaining Bacillus atrophaeus ATCC
9372 were sent to a distributor in Sweden, forwarded to a customer thereand then
returned to SGM at Bozeman, MT. Humidity and temperature were monitored
continuously throughout by including a TinytagPlus Type TGP-1500
Humidity/TemperatureData Recorder, provided by Pharmacia-Sweden, in each
shipment. By comparing results of initial population and performance assays with those
obtained after either shipment or storage the actual effects of monitored transient
shipping conditionscould be assessed.

MATERIALS AND METHODS

Shipping

Bacillus atrophaeus SGMStrip biological indicators with known populationsand DEO-
values (three different lots, Lot #1-BSUB 020398/S2-1, Lot #2-BSUB 040297/S3-7, and
Lot #3-BSUB 040297/S2 for shipments 1, 2 and 3, respectively), were split into two
groups of 160 each with 80 to be shipped and 80 stored. Strips were packaged in
polyethylene bags and then placed in the shipment or storageboxes. EZTest gas units
from 3 different lots with known populations and DEO-values (Lot #4-BSUB 071596/E8-
6, Lot #5-BSUB 071596/E8-3 and Lot #6-BSUB 071596/E8-2 for shipment 1, 2 and 3,
respectively) were each split into two groups with 100 shipped and 100 stored in normal
packaging plus bubble wrap. The shipped and stored boxes were packed identically
except that the three boxes for shipping each contained a TinytagPlus Type TGP-1500
Humidity/Temperaturedata recorder with the following serial numbers: shipment 1 –
139342, shipment 2 - 136855 and shipment 3 - 136868. The storage boxes remaining at
SGM were placed at controlled room temperature in Bozeman, MT. Each shipped box
was sent on three separate days by expedited UPS courier to Miclev, theSGM distributor
in Sweden. Miclev forwarded the packages to Pharmacia-Sweden, who downloaded the
data from the TinytagPlus data recorders and then returned the packagesseparately to
SGM by expedited UPS courier. The data recorders were then returned to Pharmacia-
Sweden for downloading the return trip temperature/humidity histories.

Upon receipt of all of the returned packages, they were stored at controlled room
temperature to await processing. Populations and DEO-valuesof the shipped and stored
strips were then performed. DEO-value testing of shipped and stored stripsemployed the
same time exposures used to determine the initial values and using 10 units per exposure.
DEO-valueswere determined using the Stumbo-Murphy-Cochran fraction negative
procedure (SMCP) (2,3).

All ethylene oxide exposures were done in a B.I.E.R. vessel (Joslyn Sterilizer Corp.,
USA) at 600 mg/l ethylene oxide (EO), 54ºC and 60% relative humidity (4,5).
Population assays were performed by glass bead method using one carrier per tubeand



four carriersper determination. Recovered sporeswere heat shocked at ~80ºC for 10
minutes prior to dilution in sterile distilled water and using soybean-casein digest agar
(Difco) pour plates for culturing. Plates were incubated at ~32ºC for 48 hours before
counting. The Prism 3.02 statistics software program, Graphpad, Inc., San Diego, Ca.
(www.graphpad.com) was used to test population means and DEO-values for statistically
significant differences.

RESULTS AND DISCUSSION

Three different lots of Bacillus atrophaeus ATCC 9372 were included in the three
separate EZTest biological indicator shipments. Three separate lots were represented in
the SGMStrip units as well. Table 1 presents theactual shipping and receiving dates for
all shipments. Shipments 1, 2 and 3 were completed with elapsed times of 33, 13 and 35
days, respectively

TABLE I . SHIPPING and RECEIVING DATES

Shipped(S)/Received(R) Shipment 1 Shipment 2 Shipment 3

SGM Biotech, Inc. S 00-07-14 00-08-18 00-07-18
Miclev R 00-07-25 00-08-22 00-07-24
Miclev S 00-07-27 00-08-22 00-07-25
Pharmacia R 00-08-10 00-08-24 00-08-10
Pharmacia S 00-08-11 00-08-25 00-08-14
SGM Biotech, Inc. R 00-18-15 00-08-28 00-08-21

Transient shipping conditions

Temperature/humidity histories of each shipment are presented in Figures2, 3 and 4,
respectively. Transient shipping conditions presented as calculated mean kinetic
temperature (ºC), maximum and minimum temperatures (ºC) and excursions (hrs) are
summarized in Figure 1. Mean kinetic temperatures were within the defined controlled
room temperature range. Stacked excursion barsshow the range above the limit of 30ºC
or below 15ºC in temperatureachieved during each shipment. Actual temperatures
ranged from a high of 42.02ºC to a low of 15.38 ºC with excursions of 8.4 hours above
controlled room temperature by 12.02 ºC during shipment 1 and of 5.5 hours by 1.41º C
during shipment 2. Temperature was above USP temperature limit for 5.5 hours or
during Shipment 3. Excursions into “cool” conditions as described in USP 25 (1)
occurred during shipment 2 for only 56 minutes and by only 1.05ºC.



Figure1.
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As also presented in Figure 1, therewere excursions below recommended humidity
value of 20% in shipment 1, (as low as 12.06%) for 31.62 hours, above 70% in shipment
2 for 12 minutes going above the recommended range by 4.82% and shipment 3 spent 12
minutes above the recommended humidity values by 6%.



Figure2. Shipment 1 2000/07/14 - 2000/08/10
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Figure3. Shipment 2 2000/08/10 - 2000/08/24

2000/08/24 - 2000/08/28

temperature

humidity

temperature

humidity



Figure4. Shipment 3 2000/07/18 - 2000/08/10
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The conditions experienced during these shipments covered all possible variations above
and below temperatureand humidity recommendationsalthough the excursions were
neither lengthy nor great in magnitude.

Biological results

Populationsand DEO-values were completed after return of the shipped units. Elapsed
times between initial and final determination of population and DEO-values for shipped
and stored strips varied and are presented in Figure 5. The biological indicator lots used
for this exercise were past their labeled expiration dates. Populations were re-evaluated
just before shipping but the initial DEO-value results were used. This may explain any
increase in variability. Time elapsed between initial and final population determination
varied from 42 days for shipment 1 to 68 days for shipment 3, and all determinations
were completed within 68 days of receipt of the last set of shipped units. All DEO-values
were determined within 45 days of post-shipping storage.



Figure5.
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DEO-value results, calculated by SMCP (2,3) for SGMStripsare presented in Figure6.
Initial mean DEO-valueswere not significantly different from those determined after either
shipping or storage for any of the lots (P=0.1741). Population results for all three
shipments are presented in Figure 7. Initial population means did not differ significantly
from those determined for stored or shipped units (P=0.8388).

DEO-values from EZTest-Gas units for each treatment are presented in Figure 8. Analysis
of variance indicates that the means of the different lotsand treatment levels are not
significantly different (P=0.0742) at the 95% level. Although the P value is lower for
these data, any effect appears to be positive. All error bars in Figures 6 through 9
represent standard deviations calculated using replicate means.
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Batr SGMStrip Populations
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EZTestÒÒÒÒ-Gas DEO-values
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EZTestÒÒÒÒ-Gas Populations
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Shipped and stored DEO–values remained within 20% of the initial labeled value for that
Lot# in all cases as specified by USP (8) and populations determined from all treatments
remained within the range (not less than 0.3 log of the labeled spore count per carrier nor
exceeding the log labeled spore count per carrier by 0.48) required for acceptance by
EN 866 or USP 25 as well (6,7).

CONCLUSION

Shipment of SGMStrip and EZTest® biological indicators containing Bacillus
atrophaeusATCC 9372 to Sweden and back had no significant negativeeffect on
viability (population) or performance (DEO-value) of the indicators even though there
were a few small/short excursions outsidecontrolled room temperature limits and SGM
recommended humidity values during each of the three shipments. Continuously
monitored transient shipment conditions were quite stable and calculated mean kinetic
temperaturedid not exceed controlled room temperature as defined by USP.
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