Stability of Folate and Hemoglobin in Dried Blood Spot Samples

Introduction:

Dried Blood Spot Samples

Dried blood spot samples are routinely collected from infants in the United States
by spotting a small amount of capillary blood from the heel onto a specially
designed filter paper card.

* This iIs done primarily to screen for treatable genetic diseases, including
phenylketonuria. Leftover dried blood spot samples are often retained by state
departments of health for several years. These spots offer a potential wealth of
Information for epidemiological research.

* Each state stores dried blood spot samples under different conditions of
temperature and humidity. These factors are thought to influence the degradation
of most metabolites of interest. Unlike DNA, which can be amplified by PCR to
examine the content, the value in measuring many blood components including
folate and hemoglobin is determining the concentration.

* Folate is known to protect against neural tube defects in infants. This is why folic
acid supplementation is recommended for women of childbearing age, and many
grain products are fortified with folate.

*Other effects of folate remain to be studied. It has been suggested that sufficient
folate may protect against many other problems, and that excess folate might
aggravate some conditions including cancer.

Simple moving average of birth prevalence® of spina bifida, by race/ethnicity
of mother and selected folic acid fortification mandate periodst
—National Vital Statistics System, United Statess, 1995-2005

Folate Is essential, but full

effects are unknown
* Folate 1s a B vitamin that is
essential for human life, and must
be obtained from dietary sources
since humans are unable to
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of all births for multiple years,
TBirths during 1997-1998 were excluded because most conceptions comesponding to births during that pericd
occurred before folic ackd fortification was mandated in the United States.

http://www.cdc.gov/Features/dsSpinaBifidaTrends/

Hemoglobin

Hemoglobin is a protein found in blood that coordinates with iron to transport oxygen
throughout the body. Although infants and adults have slightly different forms of
hemoglobin, they are similar and were both measured by spectrophotometry at 535nm
In this experiment.

http://themedicalbiochemistrypage.org/hemoglobin-myoglobin.php

The hemoglobin-folate value is designed to standardize the folate concentration when
the amount of blood in each sample varies. Hemoglobin is considered to be present at
a roughly constant concentration in human blood, and thus useful for standardization.
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Method:

*Healthy pregnant volunteers offered blood samples from their baby’s umbilical cord to be
spotted onto dried blood spot filter paper. This created four extra samples for research
without drawing more blood from the baby.

*These dried blood spots were cut apart from each other and stored in four different
conditions: -80 C, 4 C, room temperature, and a humid greenhouse. Samples were stored at
the trial condition for nine months, then transferred to a -20 C freezer.

Folate was measured using a microbiological assay.
*Hemoglobin was measured using a spectrophotometer set at the appropriate absorbance.

*Hemoglobin-folate values, which standardize the folate measurement for the amount of
blood in each sample, were calculated from the two measured values.

*\We used a consistent sample size of saturated dried blood spot filter paper equivalent to
about 12.5 microliters of whole blood. The concentration measurements assume that 12.5
microliters of whole blood was recovered from each filter paper sample.

Results Folate Value After Storage for 9

Months at Four Conditions
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This experiment showed that folate
values decreased significantly when
dried blood spot samples were stored
at warmer temperatures and with
greater humidity. The folate values are
shown with the 95% confidence
Intervals on the graph to the right.
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The hemoglobin measurements were
lower at room temperature and humid
storage conditions than at -80°C and
4°C , but the differences between each
set had overlapping confidence
Intervals. This experiment did not
provide evidence that hemoglobin
recovery Is decreased by more humid
storage conditions. The hemoglobin
measurements are shown with the 95%
confidence intervals on the graph to
the right.

Hemoglobin Value After Storage for 9
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Hemoglobin-Folate Value After
Storage for 9 Months at Four
Conditions

The hemoglobin-folate value was
calculated from the measured
hemoglobin and folate, and reflects a
combination of the trends. It retains
the general trend of the folate
measurements, and 1s shown in the
graph to the right.

:
T -80°C

Hemoglobin-Folate (pmol/g)
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Rank Order

If the rank order Is sufficiently retained despite

differing storage conditions, then it would be

possible to gain useful information about relative

folate status between individuals whose samples

were stored at the same condition. General
estimating equation analysis of the rank orders
showed that the folate rank order slope had a 95%

confidence interval from -3 to 3. This indicates

that in the sample of 50 individuals, 95% moved
no more than 3 ranks up or down when measured
at different conditions. The image to the right
gives a visual depiction of the random mixing In
rank between conditions. The shade of gray In
each box represents the rank within its condition,
and each row represents an individual.

The GEE analysis shows that the rank order Is
less well retained with the hemoglobin-folate data,
with slope 95% confidence intervals from -3.9 to
3.9. The hemoglobin rank order was retained with
the same calculated amount of mixing as the folate
measurements.

Sources of Variation

Each sample was allotted four wells for the microbiological folate assay at two different
concentrations to provide verification of results on two different locations on the
standard curve. There was variation between the results 1n each sample’s four wells, but
If the CV% of the variation between the wells exceeded 15, the sample was measured
again. 180°C 4°C Ambient Humid_

t
Average CV% 8.49.0 94 10.5

The variability in the folate concentration measurements of the controls between assays
demonstrates that the microbiological assay has some variation based on factors
assoclated with each assay.

The standard deviations of the quality control
samples were 32, 50, and 29 nmol/L
respectively, which is still small compared to
the folate measurements in hundreds. The
relatively constant standard deviation may
explain the increased variability in samples
with lower measurements.

Quality Controls in Folate Assay
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Summary and Future Directions

This experiment demonstrated that folate in dried blood spot samples Is sensitive to
storage temperature and humidity. However, the retention of rank order indicates that
samples stored at unfavorable conditions retain useful information about relative folate
status that could be used for epidemiological research. Our results indicate that
hemoglobin follows a different stability trend than folate with storage at varying
conditions, which decreases the value of the hemoglobin-folate calculation when
dealing with saturated dried blood spot filter paper of a consistent size.

Further experiments could confirm the trend in folate stability, and clarify the stability
of hemoglobin at varying temperature and humidity. It would also be helpful to examine
the amount of folate recovered after varying amounts of time at each storage condition.,
since samples are usually added to storage continuously as babies are born.




