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background: Fetal cells (microchimerism) are acquired by women during pregnancy. Fetal microchimerism persists decades later and
includes cells with pluripotent capacity. Persistent microchimerism has the capacity for both beneficial and detrimental maternal health con-
sequences. Both miscarriage and termination of pregnancy can result in fetal microchimerism. We sought to determine whether cellular fetal
microchimerism is acquired during management of pregnancy loss and further explored factors that could influence fetal cell transfer, includ-
ing viability of fetal tissue, surgical versus medical management and gestational age.

methods: Pregnant women (n ¼ 150 samples from 75 women) with singleton pregnancies undergoing a TOP (n ¼ 63) or treatment for
embryonic or fetal demise (miscarriage, n ¼ 12) were enrolled. Mononuclear cells were isolated from blood samples drawn before, and
30 min after, treatment. Fetal cellular microchimerism concentrations were determined using quantitative PCR for a Y chromosome-specific
sequence, expressed as genome equivalents of fetal DNA per 100 000 maternal cell equivalents (gEq/105). Detection rate ratios were deter-
mined according to clinical characteristics.

results: Cellular fetal microchimerism was found more often in post- compared with pretreatment samples, 24 versus 5% (P ¼ 0.004)
and at higher concentrations, 0–36 versus 0–0.7 gEq/105 (P , 0.001). Likelihood of microchimerism was higher in surgical than medical
management, detection rate ratio 24.7 (P ¼ 0.02). The detection rate ratio for TOP versus miscarriage was 16.7 for known male fetuses
(P ¼ 0.02). Microchimerism did not vary with gestational age.

conclusions: Significant fetal cell transfer occurs during miscarriage and TOP. Exploratory analyses support relationships between ob-
stetric clinical factors and acquisition of fetal cellular microchimerism; however, our limited sample size precludes definitive analysis of these
relationships, and confirmation is needed. In addition, the long-term persistence and potential consequences of fetal microchimerism on ma-
ternal health merit further investigation.
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Introduction
Microchimerism refers to the presence of a small amount of genetic-
ally foreign material within the circulation or tissues of a person.
Natural acquisition of microchimerism primarily occurs through trans-
placental exchange during pregnancy (Gammill and Nelson, 2010).
Both cell-free fetal (cff) DNA and fetal cells get transferred into the

maternal system during pregnancy; however, the two differ significant-
ly in terms of timing, concentration and clearance, as well as potential
for long-term health impact. Soon after conception, cffDNA is detect-
able (Thomas et al., 1994) with increasing concentrations over gesta-
tion (Lo et al., 2000) and rapid post-partum clearance (Lo et al.,
1999a,b). In contrast, cellular trafficking can occur early in pregnancy,
but in most uncomplicated pregnancies, the majority of transfer
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probably occurs late in gestation, primarily as a peripartum event
(Adams Waldorf et al., 2010) and the concentration of cells is lower
than the concentration of cffDNA (Ariga et al., 2001). Fetal cells,
unlike cffDNA, can persist for decades (Bianchi et al., 1996). The long-
term consequences of persistent cellular fetal microchimerism are in-
completely understood, but available studies support the likelihood of
both beneficial and adverse effects (Nelson et al., 1998; Gadi and
Nelson, 2007; Gadi, 2010).

Pregnancy loss is a potential source of significant fetal microchimer-
ism, and fetal microchimerism from both miscarriage and termination
of pregnancy (TOP) could impact subsequent maternal health. Miscar-
riage and TOP occur frequently, with 31–73% of conceptions result-
ing in miscarriage (Boklage, 1990; Wilcox et al., 1988) and nearly
one-quarter of all pregnancies in the USA ending in TOP (Jones and
Kooistra, 2011; Guttmacher Institute, 2011). Although cellular fetal
microchimerism has not been specifically examined immediately
after a TOP, fetal microchimerism has been detected in maternal
whole blood (Bianchi et al., 2001). Furthermore, a history of preg-
nancy loss has been shown to correlate with a higher likelihood of de-
tection of fetal microchimerism in maternal tissues years later
compared with other reproductive outcomes (Khosrotehrani et al.,
2003). It has been speculated that the differential viability of fetal
cells in miscarriage compared with TOP influences potential engraft-
ment underscoring the importance of examining each of these types
of pregnancy loss (McGrath, 2004). In fact, years after pregnancy
loss, cellular fetal microchimerism appears to be more common fol-
lowing a TOP compared with a miscarriage (Yan et al., 2005).

We prospectively investigated the extent of acquisition of fetal cells
by a woman during miscarriage and TOP. We specifically focused on
peripheral blood mononuclear cells (PBMC) as this compartment con-
tains pluripotent and immune competent fetal cells with the potential
for engraftment and influence on subsequent maternal health. We
hypothesized that significant fetal cell transfer occurs during pregnancy
loss and is increased by several obstetric factors, including fetal viability
(miscarriage versus TOP), obstetric management (surgical versus
medical approach) and gestational age.

Materials and Methods

Study population
We investigated a prospective cohort of subjects undergoing treatment for
a miscarriage or seeking a TOP. Patients were recruited from several loca-
tions in our community including a tertiary academic referral center, a
county hospital and a private family planning clinic. The study was
approved by the Institutional Review Board of the University of Washing-
ton; all participants provided informed consent prior to enrollment.

Subjects with known multiple gestation were not eligible for participa-
tion. Chart abstraction was performed for clinical variables including
patient demographics, medical and obstetric history. We defined miscar-
riage and TOP according to fetal or embryonic status by ultrasound,
rather than by spontaneous passage of tissue. Specifically, miscarriage
was defined as treatment that occurred after embryonic or fetal demise
(i.e. lack of cardiac activity observed by ultrasound prior to the proced-
ure), and TOP was defined by the presence of fetal cardiac activity at
the time of intervention. Obstetric management was categorized as surgi-
cal or medical, defined as treatment by dilation and curettage/evacuation
or the use of medication to initiate spontaneous passage of pregnancy

tissue, respectively. Gestational age was determined by the last menstrual
period corroborated by a first or second trimester ultrasound or the earli-
est ultrasound available. The first trimester was defined as ,14 weeks and
the second trimester as 14 weeks gestational age or more (maximum 24
weeks in this population). Medical record abstraction was performed to
collect information regarding fetal karyotype and anomalies.

Surgical and medical terminations were performed according to stand-
ard obstetric practice. Surgical procedures utilized gradual cervical dilation
techniques appropriate for gestational age, vacuum aspiration and curet-
tage. Medical approaches included standard mifepristone/misoprostol,
misoprostol or oxytocin-based protocols, at the discretion of the provider
and as appropriate for gestational age.

Sample collection and isolation of PBMC
Two peripheral blood draws were collected from each subject, the first
prior to treatment (before placement of cervical dilators when applicable)
and the second �30 min post-operatively or after placental delivery. For
two subjects who underwent medical management in the first trimester,
the second sample was drawn after completion of tissue passage. For all
blood draws, venous blood was collected in acid citrate dextrose tubes.
PBMC were isolated from maternal whole blood by Ficoll Hypaque (Phar-
macia Biotech, Uppsala, Sweden) gradient centrifugation at a density of
1.077 g/ml.

Detection and quantification of male DNA
Genomic DNA was extracted from PBMC using Wizard Genomic DNA
Purification Kits (Promega, Madison, WI, USA) according to the instruc-
tions from the manufacturer. From each blood draw, a stochastic
sample of �100 000 female cells was tested for fetal microchimerism.
Quantitative PCR (Q-PCR) was performed to measure the prevalence
of the Y chromosome-specific sequence, DYS14, and to quantify male
fetal microchimerism (Lambert et al., 2002). Six aliquots of DNA from
PBMC were tested from each blood draw, with total reaction volumes
of 50 ml including 5 ml of extracted DNA. The maximum amount of
DNA tested per aliquot was 35 000 genome equivalents (gEq) as higher
concentrations of DNA can inhibit the PCR reaction. A calibration curve
for the DYS14 assay with known increasing amounts of male DNA was
run for each test against which the amount of fetal microchimerism in
each specimen was determined. Every sample was also tested for a non-
polymorphic gene, betaglobin. A betaglobin calibration curve (obtained
from standard human genomic DNA [Promega]) was concurrently evalu-
ated on each plate to quantify the number of gEq of DNA tested in each
reaction. For ease of expression, DNA quantities were reported as the
DNA gEq number of fetal cells per 100 000 maternal cells by using a con-
version factor of 6.6 pg of DNA per cell.

Strict precautions were taken to avoid contamination. All samples were
collected and processed by female technicians, nurses and physicians. Pro-
cessing took place under a biosafety hood. Several negative controls were
used in the Q-PCR assays including nulligravid female DNA and water.
Analysis was performed by investigators blinded to sample characteristics.

Statistical analysis
Differences in prevalence of fetal microchimerism detection before and
after treatment were assessed using McNemar’s test, which accounts
for the correlation between paired samples from each subject. We also
examined differences in the quantitative concentrations of fetal microchi-
merism detected pre- and post-treatment. By definition, microchimeric
cells occur at low concentrations, and detection from a single aliquot of
maternal cells is uncommon; therefore, the data distribution is skewed
to the right and approximates a Poisson distribution. For this reason, we
analyzed the fetal microchimerism concentrations as the outcome in log-
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linear regression models, estimating a rate of fetal microchimerism detec-
tion as the number of gEq of fetal DNA as a proportion of the number of
maternal cells tested. Negative-binomial models were fit to account for
the higher level of variability in the data than expected in a Poisson
model. Interpretation of the resulting estimates is identical to those of a
Poisson model.

Because detection of fetal microchimerism occurred rarely in the pre-
treatment samples (5%) and at very low concentrations (,1 gEq of fetal
microchimerism per 100 000 maternal cells), we treated the post-
treatment fetal microchimerism concentrations as approximate values of
the change in concentration from pre- to post-treatment. Therefore, we
tested whether fetal microchimerism concentration was increased after
treatment using an intercept-only Poisson regression model to assess
the statistical significance of the difference between the estimated rate
of fetal microchimerism detection and zero. The statistical significance of
differences in the rate of fetal microchimerism detection between
groups based on clinical characteristics was assessed by including indicator
variables for such groups in the negative-binomial model. Groups were
defined by miscarriage versus TOP, surgical versus medical management
and first versus second trimester. Gestational age was also considered
as a continuous predictor variable. Potential confounders of the relation-
ships between fetal microchimerism and clinical groups included maternal
age, gestational age and gravidity. A factor was included as a confounder if
there was a difference of 10% in the estimated coefficient of interest
between the multivariable model including the factor and the model
without it. The primary analyses were also specifically considered in sub-
jects with confirmed male fetuses. Paired samples from 75 subjects pro-
vides 88% power to detect a difference in microchimerism prevalence
of 20% points, based on a McNemar’s test with 30% discordant pairs
and two-sided significance level of 0.05. All statistical analyses were per-
formed by K.A.G., biostatistician.

Results
A total of 150 samples were studied from 75 subjects who underwent
treatment for miscarriage or TOP and completed pre- and post-
sampling. TOP was more common than miscarriage, with 63 (84%)
subjects in the TOP group and 12 (16%) subjects in the miscarriage
group. Surgical management was more common than medical, with
61 (81%) total surgical procedures and 14 (19%) medically
managed. Of the 63 subjects undergoing TOP, 31 (49%) were per-
formed for fetal indications and 32 (51%) were performed for elective
reasons or maternal indications.

Table I shows the clinical and demographic characteristics of our
study population. The median maternal age was 29 years; 33% of
the women were primigravid. Fetal sex was confirmed by cytogenetic

evaluation or autopsy in 53% (40 of 75) with 17 male and 23 female
fetuses (unknown in 35). The median gestation age was 16.6 weeks
(range 5.0–24.0 weeks), with a fairly even distribution of data
points across gestational ages as shown in Table II. No study partici-
pant had a history of a prior blood transfusion. The majority of sub-
jects were cared for at our tertiary care center (49/75, 65%),
compared with 26/75 (35%) who were cared for in the community
setting. Individual subject characteristics are available as a supplemen-
tary resource in Supplementary data, Table SI.

Data on karyotypic abnormalities were available for 30 (40%) of 75
subjects, with 10 of 30 (33%) showing fetal chromosomal abnormal-
ities. The most common karyotypic abnormalities included three
fetuses with Trisomy 21 and two fetuses with Trisomy 13. One fetus
had Trisomy 18, and one fetus had monosomy X. The remaining
three cytogenetic abnormalities included deletion/duplications or
translocations. Of the 40 subjects for whom tissue examination or
formal autopsy was available, fetal anomalies were present in 28 of
40 (70%). Fetal anomalies were initially characterized by appearance
on antenatal ultrasound and corroborated by post-natal examination
or formal autopsy. The most common anomalies included central
nervous system defects (9 of 28, 32%), cystic hygromas (5 of 28,
18%) and complex cardiac defects (5 of 28, 18%). Among the 23 sub-
jects for whom both karyotype and fetal examination were performed,
concurrent cytogenetic abnormalities and fetal anomalies were found in
5 of 23 (22%). All subjects who underwent karyotype and/or fetal
evaluation were cared for in our tertiary care center.

Fetal cellular microchimerism was more likely to be found in post-
than pretreatment maternal blood (24 versus 5%, P ¼ 0.004). All 18
subjects with fetal microchimerism post-treatment had no fetal micro-
chimerism prior to treatment. Fetal microchimerism concentrations
before and after treatment are shown in Fig. 1. There was a significant
increase in the concentration of fetal cellular microchimerism in the
post-treatment samples (median 0 gEq per 100 000 maternal cells,
range 0–36 gEq) compared with the pretreatment samples (median
0 gEq per 100 000 maternal cells, range 0–0.7 gEq, P , 0.001).
Mean concentrations for the two groups, although not evaluated in
the statistical model, were 10.6 and 0.1 gEq per 100 000 maternal
cells for the post-treatment and pretreatment samples, respectively.

Fetal microchimerism was detected at low concentrations prior to
treatment in four subjects, all of whom had negative post-treatment
values. Of these four subjects, maternal age ranged from 20 to 40
years, all pregnancies were in the second trimester, and fetal sex
was confirmed male in two, confirmed female in one and unknown
in one. Obstetric histories showed one woman had had three prior
term vaginal deliveries and three prior TOPs, one had had three
prior term vaginal deliveries and three prior miscarriages, one had
had a prior ectopic pregnancy and one was primigravid.

Table I Demographics of study population (n 5 75).

Age: median (range) 29 (16–42) years

Gestational age: median (range) 16.6 (5.0–24.0) weeks

Gravidity: median (range) 2 (1–9)

Parity: median (range) 0 (0–7)

Caucasian race: n (%) (61 of 75 known) 50 (82)

Male fetal sex: n (%) (40 of 75 known) 17 (43)

Aneuploid: n (%) (30 of 75 known) 10 (33)

Anomalous: n (%) (40 of 75 known) 28 (70)

........................................................................................

Table II Microchimerism (Mc) prevalence by
gestational age.

Gestational age n Mc positive, n (%)

5 to ,10 weeks 19 5 (26)

10 to ,14 weeks 8 2 (25)

14–24 weeks 48 11 (23)
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Exploratory analyses of the relationships between clinical characteris-
tics and concentration of post-treatment fetal cellular microchimerism
are summarized in Table III. Women whose pregnancies were managed
surgically showed significantly higher fetal microchimerism concentrations
compared with those managed medically (detection rate ratio 24.7, P ¼
0.02). The amounts of fetal microchimerism in the TOP and miscarriage
groups were not statistically significantly different in the overall population
(detection rate ratio 5.9, P ¼ 0.11). There was no statistically significant
variability in post-treatment fetal microchimerism concentration

according to gestational age, whether dichotomized into first and
second trimesters (detection rate ratio 1.7, P ¼ 0.54) or treated as a con-
tinuous variable (detection rate ratio 1.0, P ¼ 0.64). Microchimerism
prevalence by gestational age is shown in Table II.

In the subset of 17 subjects with a confirmed male fetus, as in the
complete cohort, there was a significant increase in the concentration
of fetal cellular microchimerism in post-treatment samples compared
with pretreatment samples (P , 0.001). Pregnancies managed surgi-
cally showed increased microchimerism transfer compared with
those managed medically (detection rate ratio 26.9, P ¼ 0.02).
Further, post-treatment fetal microchimerism concentration was
higher in subjects with TOP compared with miscarriage (detection
rate ratio 16.7, P ¼ 0.02). There was no difference in post-treatment
fetal microchimerism concentration according to gestational age.
(Results summarized in Table III.) Fetal–maternal cell transfer was
also not different among the known aneuploid versus euploid
groups in our study (P ¼ 0.87).

Discussion
Data in the current study demonstrate that maternal acquisition of
fetal cells occurs commonly during miscarriage and pregnancy termin-
ation. Cellular fetal microchimerism durably persists and multiple dif-
ferent cell types have been identified in maternal cells and tissues
years later. Other studies point to the potential for both beneficial
and adverse consequences of cellular fetal microchimerism for long-
term maternal health (Nelson et al., 1998; Gadi and Nelson, 2007;
Gadi, 2010). Our findings underscore the potential contribution of
pregnancy loss to the biological legacy of pregnancy.

The current study further investigated fetal cell transfer according to
obstetric clinical factors. Although our limited sample size precluded
definitive analysis of these relationships, exploratory analyses sup-
ported relationships between obstetric clinical factors and acquisition
of fetal cellular microchimerism. Our observation of higher fetal cellu-
lar microchimerism concentrations with TOP than miscarriage indi-
cates a possible role for fetal tissue viability in maternal acquisition
of fetal cellular microchimerism. Another clinical variable that could
impact fetal cellular transfer is surgical versus medical management.
We found higher concentrations of fetal cellular microchimerism in
cases managed with surgical intervention compared with those who
underwent medical management via labor induction. Surgical manage-
ment is likely to cause more shearing of the placental–decidual inter-
face when compared with medical management, resulting in transfer of
more fetal microchimerism. Gestational age is another variable that
could affect fetal cell transfer. Increasing gestational age might be
anticipated to confer greater fetal cellular microchimerism due to in-
creasing fetal and placental volume with increasing gestational age.
An association of fetal microchimerism with gestational age of TOP
and miscarriage has been described in other studies (Bianchi et al.,
2001; Wataganara et al., 2004). These studies tested cffDNA or
whole blood (which contains substantial cffDNA) and are consistent
with the well-established correlation of cffDNA levels with gestational
age (Lo et al., 1998). The approach of the current study differs in that
testing was conducted for cellular fetal microchimerism for which no
significant association was observed according to gestational age.

While the high levels of fetal cffDNA that characterize pregnancy
are rapidly cleared (Lo et al., 1999 a,b), the kinetics of fetal cellular

Figure 1 Microchimerism concentrations before and after treat-
ment for all study participants. Data points (n ¼ 150) show fetal
microchimerism concentrations before and after treatment. Lines
between points indicate each subject evaluated (n ¼ 75).

........................................................................................

Table III Adjusted rate ratios of post-treatment fetal
microchimerism detection by clinical characteristics (n
5 75).

Sample Rate
ratio

95% CI P-value

Surgical versus
medical

Total 24.7a 1.6–389.8 0.02
Confirmed
males

26.9 1.6–456.4 0.02

TOP versus
miscarriage

Total 5.9b 0.7–51.8 0.11
Confirmed
males

16.7 1.6–173.3 0.02

Second versus first
trimester

Total 1.7c 0.3–8.5 0.54
Confirmed
males

d

Gestational age
(continuous)

Total 1.0c 0.9–1.2 0.64
Confirmed
males

1.4 0.8–2.2 0.21

CI, confidence interval; TOP, termination of pregnancy.
aModel adjusted for maternal age and gestational age.
bModel adjusted for maternal age.
cModel adjusted for maternal age and gravidity.
dEstimate does not exist: only 2 of 17 subjects in first trimester, both without fetal
microchimerism.
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microchimerism and persistence are less clear. One study of maternal
buffy coat showed that fetal material was not commonly detected at 1
week and 1 month after TOP (Sato et al., 2008). In our study, two of
five women for whom additional samples were also available a month
after treatment had detectable fetal cellular microchimerism (data not
shown). Prior studies have demonstrated that long-term persistence
of fetal cellular microchimerism can result from miscarriage and
TOP. In a study of women who had never given birth to a son, 22%
of women with a previous miscarriage and 57% of women with a pre-
vious TOP had microchimerism with male DNA, presumed to have
originated from prior pregnancy with a male fetus (Yan et al., 2005).
Observations in the current study raise the question whether obstetric
factors impact long-term engraftment of cellular fetal microchimerism.

Strengths of the current study include the focus on cellular fetal
microchimerism and the prospective collection of samples from
both before and after treatment. This longitudinal study design
included assessment of fetal cellular microchimerism prior to any
intervention, allowing direct quantification of the number of fetal
cells acquired by a woman during treatment. A disadvantage is that
the sample size did not permit comprehensive analysis of clinical sub-
groups, and our exploratory findings require confirmation. Other
future analyses of interest include further assessment of the relation-
ship of cellular microchimerism with aneuploidy and also evaluation
of a possible effect of pretreatment induction of fetal demise.
Another limitation is that microchimerism is likely underestimated in
our study for several reasons. First, microchimerism, by definition,
occurs at very low concentrations, and our results represent a sto-
chastically derived aliquot of maternal cells. Microchimerism preva-
lence would likely be greater if larger amounts of maternal cells
could feasibly be tested. Secondly, only fetal microchimerism from a
male fetus would be identified in our study because the quantitative
assay employed is specific for a Y chromosome sequence. This ap-
proach was chosen because gender-independent methods for identi-
fying fetal microchimerism could not be used in this study
population. Specifically, it was not possible to collect samples from
partners and other family members for genotyping and identification
of other non-shared polymorphisms. Although it would have been
possible to limit this analysis to male fetuses on the basis of testing
tissue for fetal sex (when fetal sex was unknown clinically), we were
not able to perform this testing for logistic reasons. Because there is
no reason to expect an imbalance in fetal sex distribution in the popu-
lation as a whole, nor according to studied predictors, the only
expected effect of this limitation is a contribution to underestimation
of fetal microchimerism overall. Among the 75 participants studied,
four had low concentrations of cellular fetal microchimerism before
treatment. Preexisting male cells may originate from a prior pregnancy,
including an undiagnosed early miscarriage, from a blood transfusion
(not applicable to our population specifically), from a twin or older
sibling or from sexual exposure (Yan et al., 2005).

Both positive and negative long-term effects of fetal microchimerism
on maternal health have been suggested in other studies. Positive
effects may include semi-allogeneic cells conferring a protective advan-
tage against some malignancies (Gadi and Nelson, 2007) and possible
regeneration of diseased maternal tissues (Johnson et al., 2002). Nega-
tive effects may include autoimmune disease (Nelson et al., 1998).
However, the potential impact of fetal cellular microchimerism from
miscarriage or TOP could differ from that acquired following a birth.

This consideration is underscored by the fact that the composition
of fetal cells is known to differ in early versus late gestation (Pahal
et al., 2000; Shields and Andrews, 1998). Additionally, other studies
of disease risk according to reproductive history have observed a dif-
ference in associations with parity when compared with gravidity
without parity (Guthrie et al., 2010). A final area of consideration
relates to the unknown long-term effects of harboring fetal cellular
microchimerism that originated from a fetus with aneuploidy or
another genetic anomaly. Fetal aneuploidy occurs more commonly
in miscarriage and TOP compared with term delivery. In addition,
higher concentrations of fetal cffDNA have been found in women car-
rying an aneuploid fetus compared with a normal fetus (Bianchi et al.
1997; Lo et al., 1999a,b). Although we found no differences in PBMC
fetal–maternal transfer among the known aneuploid versus euploid
groups in our study, this was not a comparison in our a priori hypoth-
esis. It warrants further investigation with a larger sample size given its
possible implications. Acquisition of aneuploid cellular microchimerism
might be speculated to convey risk specific to that aneuploidy on its
recipient. In this context, it is interesting to consider the relationship
between Trisomy 21 (or Down Syndrome) and Alzheimer’s dementia.
Individuals with Trisomy 21 have an increased risk of Alzheimer’s
disease (Cutler et al., 1985). Notably, a higher risk of Alzheimer’s
has also been reported in mothers of Trisomy 21 children (Schupf
et al., 1994, 2001). Fetal cells have been demonstrated in maternal
tissues in other studies, including maternal brain in murine studies
(Khosrotehrani et al., 2004; Tan et al., 2005). These observations
raise the question whether aneuploid fetal cells resident in maternal
tissues have the potential to impact subsequent maternal health.

Overall, the current study indicates that pregnancy loss is a signifi-
cant source of fetal cellular microchimerism. Exploratory analyses
suggest that obstetric clinical factors impact the prevalence and quan-
tity of fetal cell acquisition. Both miscarriage and TOP are common
(Boklage, 1990; Wilcox et al., 1988; Guttmacher Institute, 2011)
and the long-term effects of fetal cellular microchimerism acquired
from these sources merit further investigation.

Supplementary data
Supplementary data are available at http://humrep.oxfordjournals.org/.
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