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The expense inherent to molecular diagnostics may be an overriding concern for a variety of clinical
laboratories in the development of PCR-based methicillin-resistant Staphylococcus aureus (MRSA) active
surveillance programs. BD GeneOhm MRSA assay master mix was reconstituted, aliquoted into SmartCycler
tubes in 25-�l volumes, and frozen at �70°C. One hundred percent of archival nasal swab lysates yielded the
expected PCR results when incubated in master mix frozen for 1, 2, 3, and 4 weeks. A 98.8% concordance of
the final result was observed upon prospective PCR analysis of 320 clinical lysates utilizing freshly reconsti-
tuted master mix and 2-week-frozen master mix. Initial unresolved rates generated by frozen master mix and
freshly reconstituted master mix differed by 1.6% (P � 0.16). Of 50 MRSA-positive lysates, the titers of 32
(64%) were determined to the same value upon initial tandem frozen master mix and freshly reconstituted
master mix utilization; the titers of an additional 14 were determined to the same value upon repeat testing.
Frozen master mix maintains potency for at least 4 weeks, facilitating detection of MRSA from nasal swab
lysates, and may decrease the amount of unused reagent up to an average of 33%.

While a national surveillance program recently documented
a nearly 30% increase in the intensive care unit methicillin-
resistant Staphylococcus aureus (MRSA) infection rate from
1992 to 2003 (9), equally alarming data have been reported
from surveys of hospital emergency departments. Documented
purulent skin and soft tissue MRSA infection rates ranging
from 15 to 74% and averaging 59% (11) suggest an additional
reservoir of the organism that could significantly impact
the care of hospitalized patients. These merging sources of
MRSA provide impetus for health care entities to institute
active surveillance programs, based largely on nasal swab spec-
imen analysis, for detection of MRSA carriers. On a predicted
basis, these programs reduce MRSA bacteremia rates by ap-
proximately 60% (15, 17). While recent data have advocated
PCR-based MRSA surveillance programs based on the param-
eters of time to final result (2), assay sensitivity (2), and
decreased incidence of transmission (4), some clinical micro-
biology laboratories may be apprehensive to implement PCR-
based screening due to financial considerations. We hereby
characterize and validate a modification of a master mix for-
mulation protocol that not only promotes greater economy in
reagent utilization but also allows for effective performance of
a commercial MRSA PCR assay.

In a study protocol approved by the Wheaton Franciscan
Healthcare Institutional Review Board, nasal swabs submitted
for active MRSA surveillance were processed to a lysate form
for the BD GeneOhm MRSA assay (BD Diagnostics, Sainte-
Foy, Quebec, Canada) per the manufacturer’s specifications.

Kit-provided vials containing lyophilized master mix were re-
constituted with 225 �l of kit-provided diluent; 25-�l aliquots
were distributed into empty SmartCycler reaction tubes that
were placed into a 4°C cooling block (freshly reconstituted
master mix). In an experimental protocol, vials containing ly-
ophilized master mix were reconstituted with 225 �l of kit-
provided diluent; 25-�l aliquots were distributed into empty
SmartCycler reaction tubes that were placed into a 4°C cooling
block. Tubes were closed tightly, removed from the cooling
block, and allowed to stand upright at �70°C for long-term
storage protected from light (frozen master mix).

Aliquots (2.8 �l) of processed lysates were delivered to ei-
ther frozen master mix tubes that were allowed to thaw for 5
min or freshly reconstituted master mix. All reaction tubes
were pulse-centrifuged for 5 to 10 s and subjected to 45 cycles
of PCR. Lysates were subsequently frozen at �20°C. Potency
studies involved incubation of MRSA-positive/negative ar-
chived lysates in both freshly reconstituted master mix and
frozen master mix that had been stored for 1, 2, 3, or 4 weeks
at �70°C. A prospective clinical study analyzed 322 nasal swab
lysates in tandem using freshly reconstituted master mix and
2-week-frozen master mix. All MRSA-positive lysates were
subsequently titrated separately in freshly reconstituted and
frozen master mix. Optimal conditions for preanalytical han-
dling of frozen master mix tubes were determined by perfor-
mance of MRSA PCR on previously determined low-titer
(�10) and high-titer (�1,000) lysates utilizing frozen master
mix tubes acclimated for 30 or 60 min at 4°C or room temper-
ature conditions.

Those lysates demonstrating internal control amplification
inhibition (unresolved results) were thawed and repeat tested
within 24 h. Consensus results generated by PCR from freshly
reconstituted master mix and frozen master mix constituted
reference results. The significance test of proportions (13) was
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used to determine if differences in rates of a positive PCR
result or unresolved specimen were significant. The alpha level
was set at 0.05; all P values are two tailed.

Analysis of 21 previously positive/negative MRSA lysates
yielded 100% concordance when incubated in master mix that
had been frozen for 1, 2, 3, and 4 weeks. During the prospec-
tive phase of the evaluation, 92.5% of lysates incubated in
freshly reconstituted master mix yielded concordant results to
aliquots tandemly incubated in 2-week-frozen master mix.
Repeat testing of initial unresolved lysates resulted in a
concordance rate of 96.3%. Ten of 12 discordant results
were adjudicated upon further analysis (including 3 con-
firmed discrepancies) (Table 1), bringing the final concor-
dance rate to 98.8% in evaluable isolates. Although spontane-
ous mecA deletions have been shown to occur in MRSA (5–7),
the discrepancies and result alterations illustrated in Table 1
(specimens 5 to 12) more likely indicate Poisson effect-related
sampling differences at the lower limit of molecular detection
(18). Twenty percent of the MRSA-positive lysates in our pro-
spective study exhibited a titer of 1 (data not illustrated).

No significant differences were observed in the percentages
of positive and unresolved results derived from lysates incu-
bated in freshly reconstituted master mix versus those incu-
bated in frozen master mix (Table 2). All MRSA-positive ly-

sates (n � 50) titrated within a single log10 dilution, with 46
(92.0%) titrated to an equal value after discrepancy analysis.
Acclimation of frozen master mix at room temperature had a
negative effect on master mix potency, particularly upon ex-
tended-room-temperature acclimation (Table 3). This was
most evident in lysates containing low-level target DNA and
was attributable to internal control nonamplification.

Recent reports suggest that molecular diagnostics may be an
appropriate alternative to culture for MRSA active surveil-
lance. Boyce and Havill (2) reported a 9.4% increased detec-
tion rate of MRSA colonization by PCR over that derived from
the CHROMagar MRSA assay (P � 0.04), with mean 25.8-
and 6.7-h reductions in times to final negative and positive
results, respectively. Past systems of modeling nosocomial
MRSA transmission suggested that a reduction in time to final
positive MRSA result would reduce both rate of transmission
(12) and the number of patient isolation days (1). Raboud et al.
(12) further predicted that replacement of a culture-based
MRSA screening test with one based on PCR would signifi-
cantly reduce the rate of MRSA transmission (P � 0.002).

TABLE 1. Resolution of discrepancies generated by MRSA PCR from incubation of 322 clinical nasal swab specimen lysates in freshly
reconstituted master mix or experimental frozen master mix stored at �70°C

Specimen
no.

PCR result for master mix

Final interpretationInitial Repeat

Frozen Freshly
reconstituted Frozen Freshly

reconstituted

1 Unresolved � Unresolved � Unresolved result from frozen master mix

2 � � � � Confirmation of discrepancies
3 � � � � Confirmation of discrepancies
4 � � � � Confirmation of discrepancies

5 � � � � Unable to replicate either initial PCR result; exclusion from data analysis
6 � � � � Unable to replicate either initial PCR result; exclusion from data analysis

7 � � � � Unable to replicate initial PCR result from freshly reconstituted master mix
8 � � � � Unable to replicate initial PCR result from freshly reconstituted master mix
9 � � � � Unable to replicate initial PCR result from freshly reconstituted master mix
10 � � � � Unable to replicate initial PCR result from freshly reconstituted master mix
11 � � � � Unable to replicate initial PCR result from freshly reconstituted master mix
12 � � � � Unable to replicate initial PCR result from freshly reconstituted master mix

TABLE 2. MRSA PCR-positive and unresolved rates derived from
incubation of clinical nasal swab specimen lysates in fresh master

mix or frozen master mix stored at �70°C

Master mix performance
characteristic

Rate (%) of PCR results:

Positive
Unresolved

Initial Final

Freshly reconstituted 16.3a 1.2b 0.0c

Frozen 15.9 2.8 0.3

a P � 0.91 versus frozen.
b P � 0.16 versus frozen.
c P � 0.32 versus frozen.

TABLE 3. Impact of preanalytical handling of experimental frozen
master mix on subsequent MRSA PCR results from low-titer,

high-titer, and mock MRSA nasal swab specimen lysates

Acclimation environment
and interval

% of specimens with expected result

High-titer lysates
(n � 12)

Low-titer lysates
(n � 12)

Mock lysates
(n � 24)

Room temp
30 min 100.0 91.7 83.3c

60 min 100.0 33.3a 16.7d

4°C
30 min 100.0 100.0 100.0
60 min 100.0 83.3b 100.0

a Eight unresolved results.
b One unresolved result and one negative result.
c Four unresolved results.
d Twenty unresolved results.
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Indeed, in a report on MRSA active surveillance in a critical
care unit, Cunningham et al. (4) noted a reduction of nosoco-
mial MRSA transmission rate from 13.9/1,000 patient days to
4.9/1,000 patient days (P � 0.05) upon conversion of a culture-
based screening method to one based on PCR.

Despite these data, the cost of PCR technology may be
prohibitive to a number of health care institutions. Conterno et
al. (3) questioned the cost-effectiveness of PCR-based MRSA
screening in locales of low prevalence. Wernitz et al. (14)
caution laboratories to explore the role that diagnosis-related
group reimbursement may play in the overall economics of a
PCR-based screening program. Relating this issue of economy
to a specific commercial MRSA PCR assay (from a technical
standpoint), the BD GeneOhm MRSA assay provides lyophi-
lized master mix in approximate 25-cm3 volumes in individual
vials and directs the user to reconstitute each vial with 225 �l
of kit-provided diluent. Although the final reconstitution vol-
ume far exceeds 200 �l (approximating 250 �l), it is suggested
by the manufacturer that eight 25-�l aliquots are available for
PCR assays involving patient specimens and appropriate pos-
itive and negative controls.

Because freshly reconstituted master mix is stable for just 3 h
in the original vial at 2 to 8°C per package insert, laboratories
may be unable to utilize all potential aliquots for PCR testing.
Table 4 provides a hypothetical matrix of the percentage of
prepared master mix that could go unused under conditions of
an 8-, 9-, or 10-aliquot yield per lyophilized vial. This scenario
assumes a single 16-thermocycler block housed in a laboratory.
As an example, when eight potential aliquots are yielded from
reconstitution of a lyophilized master mix vial for a patient
lysate batch size of 3 (with controls bringing the run size to 5),
three of the eight aliquots (37.5%) may be unused. If it is
further assumed that laboratories contribute to active surveil-
lance in a real-time fashion, then a random distribution of
batch sizes may be realized over a continuum. Based on these

assumptions, on average 24.4% of master mix would go unused
if eight aliquots were consistently generated upon lyophilized
master mix reconstitution. That figure would increase to 33.5%
if 10 aliquots were consistently generated from lyophilized
master mix reconstitution.

With these rather substantial percentages of potential re-
agent waste, laboratories may be forced to batch patient lysates
for PCR, thus not fully taking advantage of the real-time ca-
pacity of the assay and subsequently defeating some of the
purpose of MRSA active surveillance. We hypothesized that
reconstituting master mix as recommended and freezing it at
�70°C would maximize reagent use without compromising the
performance of the BD GeneOhm MRSA assay. Kofler and
Klausegger (10) described an in-house PCR for detection of
human cytomegalovirus from clinical specimens that utilized
preformulated aliquots of master mix stored in 200-�l thin-
walled tubes at �20°C. Hoorfar et al. (8) showed that reaction
mixtures specific for Salmonella enterica 5� nuclease (TaqMan)
PCR were stable for 3 months when stored in microwell plates
at �20°C. Finally, West and Sawyer (16) reported that aliquots
of preformulated master mix from four real-time PCR assays,
including a TaqMan assay detecting mammalian mitochondrial
DNA, could be stored at �70°C without deleteriously affecting
performance.

Our data contribute a commercially available real-time
MRSA PCR assay to the list of molecular diagnostic assays
that can use frozen master mix for routine testing. Amid con-
cern that a freeze-thaw cycle would deleteriously affect the
potency of the master mix, we demonstrated that all MRSA-
positive lysates titrated within a single log10 dilution, with 92%
titrated to the same value after discrepancy analysis. The titer
of three lysates in freshly reconstituted master mix was just 1
log10 higher than titers derived from testing with frozen master
mix. Similarly, incubation of one lysate in frozen master mix
resulted in a 1-log10 increase in titer over that generated from
incubation in freshly reconstituted master mix. Kofler and
Klausegger (10) hypothesized that frozen master mix may ac-
tually gain some degree of potency during a freeze-thaw cycle
as 97.6% and 90.5% of clinical lysates were positive for cyto-
megalovirus after being tested with frozen and freshly recon-
stituted master mix, respectively. Finally, West and Sawyer (16)
reported that the performance of multiple real-time PCR as-
says did not deteriorate after master mixes were subjected to
six freeze-thaw cycles.

In conclusion, kit-provided lyophilized master mix that has
undergone reconstitution and subsequent prolonged storage at
�70°C retains sufficient potency for routine clinical perfor-
mance of the BD GeneOhm MRSA assay. Such formulation of
master mix results in cost-effective kit utilization, which may
allow smaller-volume laboratories to more advantageously uti-
lize PCR technology for a real-time contribution to MRSA
active surveillance.

We express our sincere gratitude to Janice Basile, Jason Burtch,
Anne Culver, Cheryl Miller, Maureen Napierala, Robin Olson, and
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