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Background: Many studies have used polymerase chain reaction
amplification (PCR) to genotype for common polymorphisms in
intensive-care units (ICUs) where blood transfusions are common.
Evidence that donor leukocytes in transfused blood can be detected
by PCR of the recipient blood suggests that this minor population of
donor white cells (microchimerism) can interfere with genotyping of
allelic polymorphisms in critically ill transfused patients. To inves-
tigate this possibility, we assayed DNA extracted from the blood and
buccal cells of ICU patients for 2 common polymorphisms in the
TNF-3 gene and the surfactant protein-B (SP-B) gene.

Methods: Study subjects were ICU patients from the Massachusetts
General Hospital (Boston, MA) enrolled into a study on the molec-
ular epidemiology of acute respiratory distress syndrome between
January 1999 and October 2000. Blood and buccal cells were
collected and DNA was extracted from 145 patients. Genotyping
was performed by enzyme digestion and pyrosequencing.

Results: The Kappa statistics comparing the genotype results from
blood and buccal cells were 0.98 (95% confidence interval [CI] =
0.94-1.01) for TNFB and 0.95 (CI = 0.87-1.02) for SP-B. When the
analysis was restricted only to the 107 patients who were transfused,
the Kappa statistic remained high at 0.97 (CI = 0.93-1.01) for
TNFB and 0.93 (CI = 0.84-1.03) for SP-B.

Conclusion: We conclude that microchimerism from allogeneic
blood transfusion is unlikely to have major effects on the genotype
results of common polymorphisms in large molecular epidemiology
studies conducted in the critical care setting if DNA is collected
within a day after transfusions.
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Recently, genetic susceptibility to severe illnesses such as
sepsis and acute respiratory distress syndrome (ARDS)
has been investigated in intensive-care units (ICU).'® All of
these studies used polymerase chain reaction amplification
(PCR) to amplify DNA extracted from peripherally drawn
blood. PCR is highly sensitive. Experiments in which serially
diluted DNA templates were amplified by PCR suggest that,
theoretically, PCR has the ability to amplify even 1 molecule
of DNA.’

Because of its sensitivity, PCR is vulnerable to con-
tamination from extraneous DNA.® Transfusions might be
one source of DNA contamination in critically ill patients.
Donor leukocytes are a notable contaminant in packed red
blood cells and are believed to be responsible for most
transfusion reactions.'® It is estimated that there are 10°
leukocytes/unit of packed red blood cells or platelet.'' Leu-
kocyte-reduced blood components, which have been filtered
to remove donor white cells, can have as much as 52 million
leukocytes per unit of platelets and 250 million leukocytes
per unit of packed red blood cells.'® Plasma can have 30,000
copies of cell-free DNA per milliliter.'? This has important
implications for molecular epidemiology studies that use
PCR in the critical care setting, because blood transfusions in
the ICU are common, occurring in 65% to 85% of pa-
tients.”!?

The presence of a distinct minor white blood cell
population (microchimerism) in recipients after allogeneic
blood transfusion has been demonstrated by cytogenetics up
to 1 week after transfusion.'* Other studies using PCR have
demonstrated persistence of donor DNA in recipients for 7
days'>' with a possible increase 3 or 4 days after transfu-
sion from donor leukocyte proliferation.'®!'” One study found
0.5% to 10% of circulating leukocytes to be donor in origin.'?

Given these findings, the possibility arises that in large
molecular epidemiology studies of critically ill patients, ge-
notype misclassification can occur because of PCR amplifi-
cation of transfused DNA. To investigate this possibility, we
compared the genotype results from the PCR amplification of
DNA extracted from blood and buccal cells of 145 ICU
patients enrolled in the Molecular Epidemiology of ARDS
Study. Theoretically, buccal cells should not be contaminated
with DNA from transfusions. We examined specifically 2
common polymorphisms: the Ncol restriction fragment
length polymorphism in intron-1 of the 7NF-B gene and a
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variable nucleotide tandem repeat polymorphism in intron-4
of the SP-B gene.

METHODS

Study Population and Sample Collection

The subjects came from a cohort of adult ICU patients
recruited between January 1999 and October 2000 from the
Massachusetts General Hospital (Boston, MA) for a study of
genetic susceptibility to ARDS. Any patients from the pri-
mary study with both blood and buccal cells available were
included in this study. The Human Subjects Committees of
the Massachusetts General Hospital and Harvard School of
Public Health approved the study, and informed written
consent was obtained from all subjects or their appropriate
surrogates.

Buccal cells and one 10-mL edetic acid tube of blood
were collected from each subject for DNA extraction. The
patient’s oral mucosa was cleaned with sterile saline and
stroked with sterile cytology brushes that were then dipped
into cell lysis solution from PureGene (Gentra Systems, Inc.,
Minneapolis, MN). Buccal cells were not obtained if there
were signs of oral bleeding.

The transfusion history from the 8 days preceding the
collection of blood samples was recorded from all subjects.
Fresh-frozen plasma and cryoprecipitate were combined un-
der plasma in this study.

DNA Extraction and Genotyping

DNA was extracted from peripheral blood mononuclear
cells and buccal cells using PureGene kits according to the
manufacturer’s instructions. PCR amplification and the geno-
type procedure for SP-B were as previously described by
Floros et al.>® Genotyping was repeated in a random 10% of
the samples as quality control. For the TNF-f3 gene, a 782-bp
fragment of DNA was PCR-amplified as previously de-
scribed.® Genotyping for TNF-B was performed by automatic
DNA pyrosequencing using the SNP Reagent Kit 596 (Pyro-
sequencing Inc., Uppsala, Sweden) and the sequencing prim-
er: 5'-CACACATTCTCTGTTTCTGCCA-3'. A guanine at
position 329 indicates the Ncol+ TNFBI allele, whereas
adenine indicates Ncol-TNFB2.>! Genotyping was repeated
using Ncol enzyme digestion, as previously described, in a

random 10% of the samples for quality assurance.’ The
laboratory was blinded to the transfusion history of the
subjects. Three individuals performed the genotyping and
each was blinded to results from the others. Genotyping for
the SP-B gene was performed first. The genotyping for
TNF-B was done later and included 34 additional patients
who were enrolled into the study later.

Statistical Analysis

Agreement between genotype results of blood and
buccal samples was calculated with a Kappa statistic. A
forward stepwise logistic regression model predicting for
discordant results between blood and buccal cells was used to
determine the contribution of covariates such as the type,
amount, and timing of transfusions, and genotype frequency.

RESULTS

Of the 145 patients in the study, 107 (74%) received
transfusions (Table 1). Half the patients received multiple
types of blood products, and 25% of the patients received 10
or more units of packed red blood cells or 18 or more units of
platelets. Leukocyte-reduced blood and platelets were given
to 14 (13%) of the transfused patients. More DNA was
extracted from 10 mL of blood than from buccal cells, with a
median yield of 31.5 ug/mL of blood versus 31.8 ug for all
of the buccal cells. The allele frequency in the blood samples
was 0.64 for TNFB2 and 0.10 for the variant SP-B, and
neither deviated substantially from Hardy Weinberg equilib-
rium. The genotype results for 7NF-B and SP-B in the
transfused patients are shown in Tables 2 and 3. All geno-
typing repeated for quality control did not differ from the
initial genotyping.

There was 100% agreement between the blood and
buccal cell genotype for both polymorphisms in the 38
patients who did not receive any transfusions. The Kappa
statistics for the 145 patients in the study were 0.98 (95%
confidence interval [CI] = 0.94-1.01) for TNF-$ and 0.95
(CI = 0.87-1.02) for SP-B. When the analysis was restricted
to the 107 patients who were transfused, the Kappa remained
high at 0.97 (CI = 0.93-1.01) and 0.93 (CI = 0.84-1.03) for
TNF-B and SP-B, respectively. In 1 transfused patient who
received 2 units packed red blood cells 5 days before DNA

TABLE 1.

Transfusion History of the 107 Transfused Patients in the 8 Days Before Sample Collection

Packed Red Fresh-Frozen
Blood Cells Plasma Platelets  Cryoprecipitate
Number of patients to receive product™®; No. (%) 98 (92) 59 (55) 30 (28) 6 (6)
Units transfused; Median (range) 2 (1-50) 8 (1-70) 11 (6-50) 10 (1-14)
Days between sample collection and last transfusion; Median (range) 1 (0-8) 1(0-7) 1(0-8) 1(0-7)
*Sum is greater than 107 because 53 patients (50%) received multiple types of blood products.
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TABLE 2. Genotype Results for the Ncol Polymorphism of
the TNF-B Gene

Genotype of Buccal Cells*

TNFB1/ TNFB1/ TNFB2/
TNFB1 TNFB2 TNFB2

Genotype of

Blood Sample T7NFBI/TNFBI 14 0 0
TNFBI1/TNFB2 0 48 1
TNFB2/TNFB2 0 1 43

*Kappa = 0.97 (95% confidence interval = 0.93-1.01).

TABLE 3. Genotype Results for the Variant Polymorphism
in Intron 4 of the SP-B Gene (No.)

Genotype of Buccal Cells*

Wild/ Insertion Deletion

Wild Variant Variant
Genotype of
Blood Sample Wild/wild 78 0 0
Insertion variant 2 6 0
Deletion variant 0 0 10

*Kappa = 0.93 (95% confidence interval = 0.84-1.03).

collection and 2 units of fresh-frozen plasma 2 days before
DNA collection, the blood—buccal genotype results were
discordant for both 7NF-3 and the SP-B. The 1 patient with
discordant results for TNF-3 received 2 units blood on the
day of DNA collection, whereas the patient with discordant
results for SP-B received 16 units blood, 8 units of fresh-
frozen plasma, and 6 units of platelets on the day of DNA
collection.

In the multivariable model, no variable was associated
with disagreement between blood and buccal cell genotyping.
However, the sample size was too small for the detection of
any but very large effects.

DISCUSSION

We compared the DNA from blood and buccal cells to
evaluate the possibility that microchimerism from transfu-
sions might interfere with PCR-based genotyping of critically
ill populations. The collection of buccal cells is time-consum-
ing and the DNA yield is low. Thus, blood is a preferable
source for DNA extraction and genotyping if it is reasonably
certain that the genotype is not affected by transfusions.

Our study has several limitations. The patients were
enrolled after blood transfusions had occurred; hence, donors
were not available for genotyping. DNA was obtained within
1 day of the last blood transfusion. If donor leukocytes
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increase 3 to 4 days after transfusion as previously suggest-
ed,'” it is possible that there might have been more discordant
genotype results if DNA was collected later. Lastly, only 2
genes (TNF-f3 and SP-B) were genotyped because they were
part of the primary investigation into the genetic susceptibil-
ity to ARDS. Genotyping other polymorphisms could add
further confidence to our results.

Nevertheless, our study did demonstrate some interest-
ing findings. We found no misleading genotype results from
the blood in 98% of the patients transfused, even though
massive transfusions were common in our patients. No fac-
tors related to the transfusion history or genotype frequencies
were associated with discordance between blood and buccal
genotypes in the multivariate model. However, with a limited
sample size and only 3 outcomes, our study could not address
this question definitively. Nevertheless, contamination from
microchimerism appears to be a minor problem given the
high level of agreement between the blood and buccal cell
results.

It is possible that contamination from a source other
than transfusions is responsible for the spurious result in our
3 discordant individuals. The patients were often mechani-
cally ventilated and so their mouth care is limited. Some of
these patients had been resuscitated in the field where mouth-
to-mouth resuscitation could have been used. One patient was
heterozygous for TNFB1/2 by buccal cells and homozygous
for TNFB2 by blood, suggesting contamination of buccal cell
collection. However, any contamination is unlikely to be
systematic or common given the agreement between blood
and buccal analysis, as well as conformity to Hardy-Wein-
berg equilibrium.

The difference between our results and previous reports
of microchimerism can be explained by the different sensi-
tivity of the PCR method used. In some studies, donor DNA
was selectively amplified over the more plentiful recipient
DNA by PCR primers that were specific for the donor but not
recipient DNA.'>"'” In addition, the sensitivity of PCR was
further increased in some studies by doing a nested PCR in
which regions specific to the donor DNA are amplified twice
with 2 pairs of primers.'®!®

In this study, PCR was used to amplify genes that are
common to recipients and donors. The recipient DNA would
have been preferentially amplified over the donor DNA,
because the recipient DNA constitutes most of the DNA pool.
Using PCR techniques similar to those used in this study,
Wenk et al. found identical pre- and posttransfusion genotype
results for 9 polymorphisms in 10 patients after massive
transfusions.?” Likewise, Reid et al. correctly genotyped the
blood group antigen for 60 patients transfused 2 to 50 units of
packed red blood cells with no interference from microchi-
merism.”

In conclusion, there was very high agreement between
the blood and the buccal cell genotype of critically ill patients
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in this study. This suggests that for large-scale molecular
epidemiology studies using PCR-based genotyping for allelic
polymorphisms in patients who have been transfused with
blood products, collection of blood for genotyping within a
day of blood transfusion is sufficient.
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