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SUMMARY OF RESULTS & OBSERVATIONS

CONCLUSIONS

Analyte Integrity and Quality Control for Specimens Biobanked using Dried Blood 

Spot Cards

EFFECT OF STORAGE TEMPERATURE, PROTEASE INHIBITOR , AND TIME ON ANALYTE STABILITY 

Dried blood spot (DBS) is a form of sample collection which involves
spotting a small amount of whole blood onto filter paper for later
diagnostic testing. This method is convenient, minimally invasive,
and cost-effective. DBS has the potential to be an ‘at-home’ or
primary care method for sample collection, as no phlebotomy is
required. DBS has been used clinically for many years, primarily for
detection of metabolic disorders in newborn babies as well as drug
discovery research. Up until recently the application of DBS was
limited due to the small quantity of sample that is collected via this
method. With the development of ultra-sensitive protein
quantitation platforms, such as mass spectrometry or Luminex, DBS
has newfound potential. Despite this progress, benchmarks for
analyte integrity and quality control as measures to ensure platform
accuracy and robustness have not been fully developed and are
sparse within literature. This project aims to elucidate the stability
of a variety of analytes captured utilizing DBS under different
temporal and temperature conditions. In addition, we examined if
the use of protease inhibitors would improve the stability of these
markers. This experiment was run utilizing ADx 100 Dried Blood
Spot cards with Serum Separating Extraction (SSE) Technology.
These cards are designed to separate the serum from the cellular
components of the whole blood spotted and thus have the
potential of mitigating a common problem in DBS, the hematocrit
bias.

BACKGROUND

MATERIALS AND METHODS

Whole blood was collected from 8 patients in EDTA vacutainer
tubes. Tubes were mixed by gently inverting. 304 (38 cards/patient)
Advanced Dx (ADx) Dried Blood Spot cards were spotted with 100 ul
of blood Cards dried for 2 hours and then stored in their respective
conditions. The different time points tested were Day 0, Day 1, Day
3, Day 7, Day 14, and Day 28. The different temperature conditions
tested were storage at 25 ̊C, 4 ̊ C, and -80 ̊C. In addition, 50 µL/mL
of a broad-spectrum protease inhibitory cocktail was added to 80
cards and allowed to dry prior to spotting with blood. For each
temporal condition at ambient temperature there was a protease
inhibitor and non protease inhibitor condition (See Diagram 1).
Each condition was run in duplicate for each patient (n=8). After
storage in their respective conditions the serum section of the cards
were then cut from the DBS card and placed in a microcentrifuge
tube. 100 µL RIPA buffer was used to extract the analytes from the
dried blood spot card. These samples were stored in a -80 °C.
freezer until ready to test at the same time. Luminex was run on
each sample measuring 19 different analytes using three different
Luminex kit (See Chart 1).

After Net MFIs were obtained for each analyte from each sample,
the different temporal conditions, temperature conditions, and
presence of protease inhibitor were tested for significance on the
MFIs for each marker using MANOVA. Those factors that were not
found significant were tested for agreement across conditions.

Significance of Conditions against each Marker

Markers p-value of Day
p-value of 

Temperature
p-value  of PI

p53 0.962 0.708 0.454
CCNB1 0.977 0.425 0.418

p16 1 0.985 0.939
IMP2 0.999 0.93 0.734
IMP3 0.998 0.944 0.653
SOX2 1 0.942 0.971
BIR5 0.976 0.795 0.899

HIF1a 0.999 0.701 0.885
HSP60 0.939 0.394 0.566
ENO1 0.237 0.095 0.886

CTAG1B 0.884 0.882 0.73
MUC1 0.322 0.114 0.799
HER2 0.952 0.847 0.795
GAL1 0.889 0.645 0.969
GAL3 0.917 0.847 0.554
Leptin 0.165 .849 0.799

CEA 0.891 0.645 0.508
sEGFR 0.761 0.882 0.614
suPAR 0.861 0.477 0.809
OPN 0.742 0.646 0.799
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Diagram 1:

Significant effects of Temperature, Time, and 
Protease Inhibitor on each analyte’s stability
In Figure A depicts p-values obtained when a ‘multivariate analysis
of variance’ test was performed on the effects of temperature,
time, and protease inhibitor on the MFI values for each analyte.
None of the analytes had a significant p-value for storage
temperature, protease inhibitor, or time which were set as
categorical variable and determined utilizing SPSS. This suggests
that the storage method, presence of protease inhibitor, and
length of storage didn’t not impact the stability of the analytes. As
no statistically significant influence could be found between
separate conditions, this points to the stability of the analytes
being not dependent on the storage condition of the DBS.

Agreement between the different Temperatures, 
different Time Points and Protease Inhibitor versus 

no Protease Inhibitor Conditions
While no statistically significant relationship observed between
the markers and tested conditions, this finding alone does not
confirm that there is no influence. To confirm that there is
agreement between all temperatures, all times points, and with
or without the addition of protease inhibitor, an ‘Intraclass
Correlation Coefficient’ was calculated by matching data based on
conditions except for the conditions being tested, and examining
these for agreement. These ICC values are depicted in Panel B.

Time: There was excellent agreement for 12 of the 17
markers in terms of storage time and good agreement for 2 of the
17. That is, for these specific 14 markers the time points all agree.
This further iterates that there is no difference between the
stability of the markers as a function of time. For 3 of the markers
Leptin, HSP60, and CCNB1 there was moderate agreement. This
suggests that time may be a factor influencing marker stability. In
Panel C a Bland Altman plot is used to depict agreement between
each markers, with Day 0 time point and Day 28 time point
plotted. All data points for every marker except OPN fell within
the limit of agreement. This points to the agreement between the
two extreme time points Day 0 and Day 28. For OPN only one of 8
data points fell outside of the limit of agreement, suggesting it
may also show agreement for Day 0 to Day 28.

Protease Inhibitors: For the agreement between the
addition of protease inhibitor versus no protease inhibitor, there
was excellent agreement for 7 of the 17 markers and good
agreement for 9 of the 17 markers. This suggests that the addition
of protease inhibitor is not influencing the vast majority of
markers. This is illustrated in Panel D where it is that most of the
data points for each marker fall within the limit of agreement .

Temperature: Looking at the influence of storage
temperature, 6/17 markers showed excellent agreement and 8/17
showed good agreement. This suggests that the temperature MFI
values for these markers are not changing as a result of storage
temperature. This is depicted in Figure E, where again most of the
data points for each marker falls within the limit of agreement.
Moderate or Poor Agreement was shown for 3/17 of the markers,
suggesting storage temperature may have influence on these
markers though not detectable using p-values.

In conclusion, there was no statistically significant difference seen 
between the different conditions on the stability of the markers. 
This suggests that analytes collected utilizing Dried Blood Spot will 
remain stable irrespective of the storage temperature or length of 
time stored. It also suggests that the addition of protease inhibitor 
is not required for this level of stability. 

Panel C: Conditions were matched for patient, presence of PI and storage temperature. Day 0 results (i.e. MFI values) and Day 28 values for matched conditions were
compared. The Bland-Altman plot above depicts the mean of the two results versus their difference, anything within the bottom and top dotted line falls within the limit of
agreement and the more scattered around the center the suggests no influential trend. As is seen in all the above plots the majority of data points falls within the limit of
agreement and there is no evident trend of being above or below the center scattered line. This suggests that all these markers show agreement between the Day 0 and Day 28
results suggesting little degradation of the analyte over time.

Panel D: Conditions were matched for patient, storage temperature, and Day..Protease inhibitory cocktail (PI) or No PI values for matched conditions were compared. The
Bland-Altman plot above depicts the mean of the two MFIs versus their difference, anything within the bottom and top dotted line falls within the limit of agreement and the
more scattered around the center the suggests no influential trend. As is seen in all the above plots the majority of data points falls within the limit of agreement and there is
no evident trend of being above or below the center scattered line. This suggests that all these markers show agreement between the PI or no PI condition results, suggesting
that Protease Inhibitor has little impact on the stability of analytes.

Panel E: Conditions were matched for patient, presence of PI, and Day. Room Temperature (RT) results (i.e. MFI values) for matched conditions were compared. The Bland-
Altman plot above depicts the mean of the two results versus their difference, anything within the bottom and top dotted line falls within the limit of agreement and the more
scattered around the center the suggests no influential trend. As is seen in all the above plots the majority of data points falls within the limit of agreement and there is no
evident trend of being above or below the center scattered line. This suggests that all these markers show agreement between the RT and -80 °C results, suggesting that
storage in a -80 °C Freezer has little impact on the stability of analytes compared to ambient conditions.

Figure A: Using SPSS a multivariate analysis of variance (MANOVA) was used to
calculate whether temperature, storage duration, or presence of protease
inhibitors (PI) influence the stability of each analyte. Results indicate that none
of the variables were significantly impacted by the storage conditions

Panel B: To show the agreement between the storage duration, protease inhibitors, and Temperature
the Intraclass correlation coefficient was calculated for each marker and each condition. This was
done by matching data together based on untested factors and then using Rstudio to run the ICC test.
These ICC values have set interpretations associated with them (see ICC Key). As seen in the above
chart the majority of markers showed excellent or good agreement.
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p53 0.94 p53 0.95 p53 0.89 ICC Key

CCNB1 0.67 CCNB1 0.54 CCNB1 0.33 Above 0.9= Excellent

p16 0.98 p16 0.96 p16 0.98 0.75-0.9= Good

IMP2 0.91 IMP2 0.9 IMP2 0.93 0.5-0.75= Moderate

IMP3 0.94 IMP3 0.88 IMP3 0.9 Below 0.5= Poor

SOX2 0.95 SOX2 0.97 SOX2 0.97

BIRC5 0.93 BIRC5 0.83 BIRC5 0.84

HIF1a 0.98 HIF1a 0.98 HIF1a 0.97

HSP60 0.72 HSP60 0.79 HSP60 0.87

CTAG1 0.97 CTAG1 0.91 CTAG1 0.85

GAL1 0.93 GAL1 0.9 GAL1 0.73

GAL3 0.91 GAL3 0.9 GAL3 0.88

sEGFR 0.79 sEGFR 0.87 sEGFR 0.87

suPAR 0.77 suPAR 0.87 suPAR 0.82

OPN 0.97 OPN 0.99 OPN 0.95

Leptin 0.59 Leptin 0.77 Leptin 0.74

CEA 0.96 CEA 0.97 CEA 0.96

Days 0-28 (RT w/o PI) Presence of PI (Day 1- Day 28) Temperature (Days 3-28)


