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Manifestations of
Instrument-to-
Instrument
Variability on an
Internal Control
During Real-Time
PCR

TO THE EDITOR:
Using a laboratory-developed

test, real-time PCRwith the 3M
Integrated Cycler (Focus Diag-
nostics) was used to amplify
and detect in a single reaction
the IS481 insertion sequence
of Bordetella pertussis, the
IS1001 insertion sequence of
Bordetella parapertussis, and
an internal control (IC)1 using
channels that read FAM (B. per-
tussis), CAL Fluor Red 610 (B.
parapertussis), andQuasar 670
(IC). The IC consisted of exoge-
nous DNA, IC primers, and an
IC probe.
A positive control contain-

ing a mixture of cultured B.
pertussis (ATCC 9340) and B.
parapertussis (ATCC 15311)
was prepared and frozen in
215-μL aliquots. Patient speci-

mens were nasopharyngeal
swabs processed into M4
transport media or PBS. DNA
extraction was performed on
the Maxwell 16 instrument
(Promega) using 200 μL con-
trol or patient sample, to
which 5 μL IC DNA was added.
PCR was performed on a 3M
Integrated Cycler using a Uni-
versal Disc (Focus Diagnostics
MOL1400). Each PCR con-
tained 4 μL 2.5X Universal
Master Mix (Focus Diagnostics
MOL9010), 1 μL probe/primer
[prepared from a mixture of 1
μL B. pertussis primer pair, 1 μL
B. parapertussis primer pair,
0.5 μL IC DNA primer pair (Fo-
cus Diagnostics MOL9006,
MOL9007, MOL9000)], and 5
μL DNA. Cycling conditions
were 2 min, 97 °C, followed by
39 cycles of 10 s, 97 °C, and 30
s, 60 °C. Using one 3M Inte-
grated Cycler over 11 months,
crossing threshold (CT) refer-
ence ranges for the B. pertus-
sis/parapertussis positive
control were determined from
287 independent runs. The IC
CT reference range was deter-
mined from 287 positive and
281 negative extracted con-
trols. CTs are automatically de-
termined by the 3M Integrated
Cycler software at user-defined
thresholds. Using average CTs ±
2–3 SDs, CT reference ranges of
25.3–29.0 (B. pertussis), 27.8–31.8

(B. parapertussis), and 27.4–34.0
(IC) were established.
While B. pertussis– and B.

parapertussis–positive control
CTs were highly reproducible,
unexpected increases in the IC
CT, reductions in fluorescence,
and different patterns of IC
amplification occurred. We
suspected this was due to the
3M Integrated Cycler and/or IC
DNA. In accordance with the
package insert, IC reagents
were stored at −20 °C and,
once thawed, were stored at
4 °C for no more than 30 days.
Fig. 1 shows how the lids of

our two 3M Integrated Cyclers
differ: cycler 1 (left) has a
2-mm gap at the opening,
while cycler 2 (right) does not
(white arrows). To test the hy-
pothesis that IC CT variations
were due to cycler differences,
a single master mix was pre-
pared with identical samples
run simultaneously on cyclers
1 and 2. The positive control
has similar CTs for B. pertussis/
parapertussis on cycler 1 (25.8/
29.2) and cycler 2 (25.6/28.6),
but the IC is only detected on
cycler 2 (CT 31.5) (Fig. 1). A B.
pertussis/parapertussis nega-
tive patient sample has a
higher IC CT on cycler 1 (34.6)
than cycler 2 (32.9), and the y-
axis fluorescence is approxi-
mately 3 times lower on cycler
1 (Fig. 1). Reduced fluores-

1Nonstandard abbreviations: IC, internal control; CT, crossing threshold.
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cence, typically 2–3 times
lower, and increased IC CTs,
typically 2–5 cycles higher,
were observed on 4 different
loaner/replacement instru-
ments with the lid gap. When
suboptimal IC amplification
occurred on cycler 1, repeat-
ing the PCR with the identical
DNA on cycler 2 consistently
gave robust IC amplification
with increased fluorescence.

These data suggest that the
anomaly was specific to the
cycler 1 model. A cycler 2
model loaner instrument was
subsequently provided that
also showed reduced IC fluo-
rescence, suggesting the
anomaly was not due to the lid
gap. Covering cycler 1 models
to decrease external light pen-
etration and storing the IC
DNA less than the 30 days at

4 °C did not consistently re-
solve the sporadic decreases
in IC fluorescence and CT
increases.
The College of American Pa-

thologists requires laboratories
to perform instrument-to-in-
strument comparisons biannu-
ally if the laboratory has more
than one instrument and to in-
clude ICs in assays for detecting
false-negative reactions sec-

Fig. 1. Images of cycler 1 (left) and cycler 2 (right) showing a 2-mm gap near the lid of cycler 1 but not
cycler 2 (arrows).
Using identical master mixes and samples, cycler 1 shows no IC in the B. pertussis/parapertussis–positive control and
reduced amplification/lower fluorescence of the IC in a B. pertussis/parapertussis–negative patient sample when com-
pared with cycler 2.
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ondary to extraction failure or
sample inhibitors. If IC amplifi-
cation is inconsistent, fulfilling
these requirements is challeng-
ing and leads to costly repeat
testing, which extends turn-
around times. The US Govern-
ment Accountability Office
reported assay failures due to
lackof ICamplificationusing Fo-
cus Diagnostics reagents (1).
The results interpretation

section from the package insert
of the Simplexa C. difficile Uni-
versal Direct, a Food and Drug
Administration (FDA)-approved
kit run on the Integrated Cycler,
reports the positive control and
IC in negative samples have CTs
≤40 and not zero (2). For
the FDA-approved Simplexa
HSV1/2 Direct kit, the package
insert states positive control
CTs range from 25 to ≤40, and
detection of the IC is not re-
quired if herpes simplex virus is
detected (3). Unless the IC CT is

zero, wide CT ranges make de-
termining PCR failure and/or in-
hibition problematic because
CT shifts from expected values
would not be reported. The
cause of the IC inconsistencies
observed remains unclear but
should be taken into consider-
ationwhen implementingother
tests on the 3M Integrated Cy-
cler that uses the same IC re-
agents.
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