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Abstract
BACKGROUND—How Rh immune globulin (RhIG) prevents sensitization to D antigen is
unclear. If RhIG Fc delivers a nonspecific immunosuppressive signal, then RhIG may inhibit
sensitization to antigens other than D. HLA antibody prevalence was compared in previously
pregnant RhD negative versus RhD positive women to investigate whether RhIG suppresses HLA
sensitization.

STUDY DESIGN AND METHODS—In the Leukocyte Antibody Prevalence Study (LAPS)1,
7,920 volunteer blood donors were screened for anti-HLA antibodies and surveyed about prior
pregnancies and transfusions. A secondary analysis of the LAPS database was performed.

RESULTS—RhD negative women ≤40 years old (presumed to have received antenatal ±
postpartum RhIG in all pregnancies) had a significantly lower HLA sensitization rate than RhD
positive women (RR 0.58, 95% CI 0.40–0.83). When stratified by deliveries (1, 2, 3, or ≥4), RhD
negative women ≤40 were HLA sensitized less often than RhD positive women in every case. In
contrast, a clear relationship between RhD type and HLA sensitization was not seen in older
previously pregnant women whose childbearing years are presumed to have preceded the use of
routine RhIG prophylaxis. In a multivariable logistic regression model, RhD negative women ≤40
years old remained significantly less likely to be HLA sensitized compared with RhD positive
women after adjusting for parity, time from last pregnancy, lost pregnancies, and transfusions (OR
0.55, 95% CI 0.34–0.88).

CONCLUSION—Consistent with a nonspecific immunosuppressive effect of RhIG, younger
previously pregnant RhD negative women were less likely than previously pregnant RhD positive
women to be HLA sensitized.
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INTRODUCTION
During pregnancy, foreign antigens expressed by the fetus commonly sensitize the mother.
The platelet surface antigen HPA-1a, implicated in most cases of neonatal alloimmune
thrombocytopenia, provokes an antibody response in about 12% of HPA-1A-negative
women.2 Before Rh immune globulin (RhIG) was introduced, ~17% of RhD negative
women became sensitized to D antigen following a single pregnancy with an RhD positive
fetus.3 But the fetal antigens that most often trigger maternal sensitization are HLA antigens.
Over 24% of previously pregnant women have detectable circulating IgG antibodies against
HLA.1 HLA antibodies are associated with transfusion-related acute lung injury (TRALI),4

organ rejection,5 and platelet refractoriness.6

Within the placenta, the fetal and maternal blood pools normally come into very close
proximity without intermixing. As a result, immunogenic fetal antigens such as D and HLA
are usually inaccessible to the mother’s immune system. Paternally-derived HLA is
expressed on fetal leukocytes and other fetal cells, however no detectable HLA Class I or II
is expressed on chorionic villi.7 Maternal sensitization can result when blood from the fetus
and mother combine following disruption of the placental architecture. Most often this
happens at delivery, although fetomaternal hemorrhage (FMH) followed by sensitization can
occur earlier in gestation. In a prospective observational study of 256 pregnant women,
Regan and colleagues demonstrated that anti-HLA antibodies rarely appear before week 28
of pregnancy. Most anti-HLA becomes detectable during the third trimester or post-
delivery.8 Thus, the timing of HLA sensitization essentially tracks with the timing of
detectable FMH.9 The frequency of both FMH and HLA antibody formation in pregnancy
roughly correlates with the volume of the fetoplacental blood pool, which expands from
about 25 mL at 20 weeks-gestation to 400 mL at term.7

Despite being used successfully for decades, the mechanism by which RhIG prevents
sensitization to D antigen remains unclear. Four main hypotheses have been proposed:
clearance of RhD positive RBCs before sensitization can take place10,11, antibody mediated
immune suppression (AMIS),12 anti-idiotype networks,13 and steric masking.14 The
evidence for and against these various mechanisms has been reviewed.15,16 To date, neither
human studies nor animal models have provided much insight into how RhIG actually
works. Recently, Ravetch and colleagues proposed a new model of how intravenous
immunoglobulin (IVIG) might suppress inflammation in autoimmune disease, based on an
elegant series of experiments in transgenic mice. Their data suggest that most of IVIG’s
therapeutic effects may be attributable to a minor population of IgG molecules bearing Fc
glycans that terminate in sialic acid residues. These sialylated IgGs uniquely bind via their
Fc domains to the receptor DC-SIGN on macrophages or dendritic cells. This triggers local
release of cytokines IL-33 and IL-4, and inhibitory signaling through FcγRIIB ultimately
leads to an immunosuppressive state.17,18 We postulated that RhIG might act through a
similar Fc-dependent inhibitory mechanism. If RhIG prevents anti-D formation solely by
clearing D+ RBCs from the circulation, then we would predict that administering RhIG
would essentially have no effect on HLA sensitization during pregnancy. Alternatively, if
RhIG acts through a mechanism that is similar to sialylated IVIG, and RhIG Fc delivers a
local nonspecific immunosuppressive signal, then we would predict that RhIG would
suppress not only anti-D, but also antibody responses to other foreign antigens present at the
same time as D, such as HLA. Thus, we hypothesized that previously pregnant RhD
negative women (presumed to have received RhIG) would have a lower rate of HLA
sensitization than previously pregnant RhD positive women (presumed not to have received
RhIG.)
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To investigate this hypothesis, we took advantage of a large dataset that had been assembled
previously for the REDS-II Leukocyte Antibody Prevalence Study (LAPS).1 LAPS was a
study of volunteer blood donors aimed at defining risk factors for HLA sensitization to help
inform TRALI prevention strategies. 7,920 donors, including 3,983 previously pregnant
women, were screened for HLA Class I and II antibodies by multiantigen bead flow. We
conducted a secondary analysis of the LAPS database to examine whether the HLA
sensitization risk in previously pregnant women varied by RhD type, as a surrogate for prior
RhIG prophylaxis.

MATERIALS AND METHODS
LAPS was a cross-sectional multicenter study of volunteer blood donors conducted by the
REDS-II group at six U.S. sites. In LAPS, pregnancy and transfusion histories were obtained
by questionnaire, and HLA Class I and II antibody screening was performed on blood
samples at a central laboratory using multiantigen bead flow as described previously.1 For
this study, the LAPS database was reanalyzed to investigate whether a relationship existed
between RhD type and HLA sensitization risk among previously pregnant LAPS subjects.

Currently in the U.S., virtually all RhD negative women receive prophylactic antenatal RhIG
(300 mcg) at or around week 28 of pregnancy. After delivery, if the baby types as RhD
positive, the mother receives an additional 300 mcg dose of RhIG (more for a large FMH).
If the baby types as RhD negative, no postpartum RhIG is administered to the mother. The
percentage of RhD negative women expected to deliver an RhD positive baby is calculated
as: 35% DD + (½) 50% Dd + (0) 15% dd = 60%.11 That is, assuming a White population,
the baby’s father will be homozygous for RhD 35% of the time and heterozygous for RhD
50% of the time, so the baby will be RhD positive (and therefore the mother will receive
postpartum RhIG) in 35% + 25% = 60% of RhD negative pregnancies. Over 90% of LAPS
subjects were White.1 RhIG was licensed in the U.S. in 1968. Before 1968, RhD negative
mothers would not have received any RhIG prophylaxis. In the period from 1968 through
1983, only postpartum RhIG was administered to at-risk RhD negative women. Beginning
in 1984, an additional antenatal (week 28) dose of RhIG was recommended by the American
Congress of Obstetricians and Gynecologists (ACOG) for routine prophylaxis.19 In
summary, whether a previously pregnant RhD negative LAPS subject received no RhIG,
postpartum RhIG only, or antenatal RhIG plus postpartum RhIG depended largely on the
year of pregnancy (Fig. 1). For each LAPS subject, the age at LAPS enrollment was known,
as were the RhD type, total number of pregnancies and deliveries, and the date of the last
pregnancy. Dates of earlier pregnancies and data on RhIG administration were not available.
Therefore, our analysis was based on subject age at LAPS enrollment as described below.

Previously pregnant female LAPS subjects were grouped into one of five age cohorts: ≤40,
41–50, 51–60, 61–70, and ≥71 years old. Women 41–50 years old at LAPS enrollment in
2006–7 would have been would have been ≤12 years old (i.e. likely nulliparous) in 1968
when postpartum RhIG was first licensed. The RhD negative women in this age cohort
would be expected to have received postpartum RhIG in the ~60% of pregnancies in which
the baby was RhD positive. Presumably, antenatal RhIG was administered in some but not
all RhD negative pregnancies in this age cohort. Women ≤40 years old at LAPS enrollment
would have been ≤18 years old (i.e. likely nulliparous) in 1984. The RhD negative women
in this age cohort would be expected to have received antenatal RhIG in virtually all
pregnancies, plus postpartum RhIG in 60% of pregnancies. In contrast, the childbearing
years of many of the women in older age groups would have predated the postpartum RhIG
era. For example, a woman who was 75 years old at LAPS enrollment would have been 53
years old in 1984 and 37 years old in 1968, so she would have been unlikely to receive RhIG
prophylaxis in pregnancy.
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Statistical Analysis
Descriptive statistics of donor demographics were stratified by RhD type. To examine the
relationship between RhD type and HLA sensitization across age groups, relative risks
(RRs) and 95% confidence intervals were calculated. Multivariable logistic regression
models were constructed to evaluate the effect of RhD type and subject age on the
prevalence of HLA antibody (Any HLA, Class I and Class II). The classification of RhD
type and subject age was; RhD+ women, RhD− women with 0 deliveries, and RhD− women
with >0 deliveries further sub-classified as RhD− women age ≤40 years old, RhD− women
age 41–50 years old, RhD− women age 51–60 years old, RhD− women age 61–70 years old,
and RhD− women age ≥71 years old. Models adjusted for other donor characteristics
including the number of deliveries, elapsed time from last pregnancy, number of lost
pregnancies and transfusion history. All analyses were done using SAS 9.2 (2008; SAS
Institute Inc., Cary, NC).

RESULTS
Demographic characteristics of all female LAPS subjects are reported in Table 1. Of 5,819
female LAPS subjects, 1,069 (18.4%) were RhD negative and 4,750 were RhD positive
(81.6%). The age distribution of RhD negative and RhD positive individuals was similar.
The RhD negative group was slightly enriched for individuals who were White (94.9% v.
88.9%), while fewer RhD negative individuals were Asian. RhD negative and RhD positive
women were similar with respect to parity and lost pregnancies, as well as previous
transfusions.

Relative risks of HLA sensitization in RhD negative v. RhD positive women
2×2 analyses of previously pregnant female LAPS subjects analyzed by age group are
reported in Table 2. Among the 625 previously pregnant women who were ≤40 years old at
LAPS enrollment, the risk of HLA sensitization (any HLA class) was significantly lower for
RhD negative individuals than RhD positive individuals (RR 0.58, 95% CI 0.40–0.83). As
described above, RhD negative women in this age cohort would be expected to have
received antenatal RhIG in 100% of pregnancies at week 28, and postpartum RhIG in an
additional 60% of pregnancies. Statistically significant differences in HLA sensitization
based on RhD type were not observed for any other age cohort. RhD negative individuals
age 41–50 should have received postpartum RhIG in 60% of their pregnancies; some but not
all would have received antenatal RhIG depending on when they were pregnant. These
women were only slightly less likely than RhD positive individuals to be HLA sensitized.
Many of the older LAPS subjects would be expected to have been pregnant before
postpartum and/or antenatal RhIG prophylaxis was used routinely. RhD negative individuals
age 51–60 were slightly more likely to be HLA sensitized than their RhD positive
counterparts, as were RhD negative individuals ≥71 years old. In contrast, RhD negative
women 61–70 were less likely than RhD positive individuals to be HLA sensitized. A
statistically significant relationship between RhD type and HLA sensitization was not
observed among 1801 never-pregnant women (0.56, 0.17–1.83) or among 893 previously
transfused men (2.47, 0.85–7.27).

HLA sensitization rates stratified by delivery number
By far the most significant factor affecting HLA sensitization identified in the original
LAPS study1 was the number of pregnancies or deliveries. Female LAPS subjects with no
prior deliveries had an HLA sensitization rate of only 2.0%. In contrast, women with 1, 2, 3,
or 4 more deliveries had HLA sensitization rates of 17.0%, 24.2%, 34.2%, or 35.0%,
respectively.1 Therefore, we examined HLA sensitization in RhD negative versus RhD
positive women after stratifying by number of deliveries. As shown in Fig. 2, no clear
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relationship was seen between RhD type and HLA sensitization among women who were
≥71, 61–70, or 51–60 years old at LAPS enrollment. Among the 51–60 year-old women,
RhD negative individuals with 4 or more deliveries had a significantly higher rate of HLA
sensitization than RhD positive individuals; sensitization rates were similar in individuals
with 1, 2, or 3 deliveries. Among women 41–50 years old, RhD negative individuals had
slightly lower rates of HLA sensitization than RhD positive individuals for all delivery
strata, although the trend lines were very similar. Among women ≤40 years old, RhD
negative individuals were less likely to be HLA sensitized than RhD positive individuals for
all delivery strata. HLA sensitization was significantly lower for these RhD negative women
overall, and for the subset with two deliveries.

Logistic regression analysis
The results of multivariable logistic regression analysis are reported in Table 3. RhD
negative women ≤40 years old were significantly less likely than RhD positive women to be
sensitized to any HLA class (adjusted OR 0.55, 95% CI 0.34–0.88) or to HLA Class I (0.50,
0.29–0.87). There was a non-significant trend for lower HLA Class II sensitization among
RhD negative women ≤40 as well (0.66, 0.38–1.12). Statistically significant relationships
between RhD type and HLA sensitization were not seen in any other age cohort. As in the
original LAPS report1, the amount of time elapsed from the last pregnancy was inversely
correlated with the detection of anti-HLA antibodies. The number of deliveries was again
observed to be the strongest predictor of HLA sensitization. Lost pregnancies and
transfusions both appeared to weakly increase HLA sensitization rates.

DISCUSSION
In the clinical setting, fetal RBC clearance is the only early indicator that can be used to
assess the adequacy of RhIG dosage.20 However, previous human studies have
demonstrated that complete RBC clearance is not actually required for RhIG to suppress
anti-D formation. In 1971, Pollack and colleagues21 reported a trial of large-volume D+
RBC transfusions in RhD negative men randomized to receive or not receive RhIG. Each
subject was transfused with a 500 mL whole blood unit from an ABO compatible, RhD
positive donor. Subjects in the treatment arm were administered RhIG at a dose of
approximately 20 mcg/mL D+ RBCs, calculated to be sufficient to provide D suppression.
After one month, 8/20 (36%) of subjects in the treatment arm and 22/22 (100%) of control
subjects still had detectable circulating D+ RBCs. Yet after five months of observation, 0/20
subjects in the treatment arm had formed anti-D, compared with 18/22 (81.8%) sensitization
in the control arm. Similar findings were reported in a 1999 case series of six postpartum
women who were treated with RhIG after Kleihauer-Betke testing revealed the presence of
large-volume FMH (range: 11.7–153.4 mL). As many as 36% of the D+ fetal RBCs
remained detectable in the circulation on day 5–6 post-RhIG administration, yet months later
none of the women had become sensitized to D.22 It is perhaps not surprising that D+ RBCs
can sometimes be detected in the circulation several days after RhIG administration. Based
on the law of mass action, it has been calculated that in a bleed of 5 mL D+ RBCs treated
with 100 mcg RhIG, only 8.7% of D antigen sites would be bound by anti-D.23

The phenomenon of AMIS, in which the passive infusion of antibody directed against a
specific antigen can suppress the endogenous immune response to that antigen, was first
described over a century ago.24 RhIG has long been hypothesized to prevent anti-D
formation via an AMIS mechanism.15 Proof of this idea has remained elusive, however.
Studies of AMIS in animal models have yielded conflicting results. Some animal
experiments suggest that IgG Fc is required for AMIS,25 while other experiments suggest
that Fc is dispensable.14,26 Even the question of whether AMIS is truly antigen-specific
remains controversial. In 1968, Pollack and colleagues27 reported the results of several
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AMIS experiments in a rabbit model. Unlike mice, and like humans, rabbits have blood
group antigens. In one experiment, HgA−,F− rabbits were injected with HgA+,F+ RBCs. Some
of the rabbits were also injected with IgG anti-HgA. The anti-HgA was observed to suppress
anti-HgA formation, but not anti-HgF formation. Thus, the AMIS effect exerted by anti-HgA

appeared to be specific for the cognate HgA antigen. The opposite result was reported in an
analogous human study published by Woodrow and colleagues in 1975.28 62 D−,K− male
volunteers were injected with 1 mL D+,K+ RBCs. Half of the subjects (treatment arm) were
then administered a single dose of IgG anti-K. 11/31 (36%) of control subjects formed anti-
D, compared with only 1/31 anti-K-treated subjects (3%, p=0.001). So in contrast to the
rabbit experiment, antibody suppression did not appear to be antigen-specific in the human
study. One published case report additionally suggests a possible non-D-specific suppressive
effect of RhIG. Branch et al reported a case of a pregnant woman with a high-titer anti-Fya

antibody. Her anti-Fya titer was observed to decrease dramatically following the
administration of multiple doses of prophylactic antenatal RhIG.29

We speculated that RhIG might provide a local immunosuppressive signal through its Fc
domain, as has been proposed for IVIG.17,18 As Fc itself is not antigen-specific, we
hypothesized that the immune response to HLA antigens—present at the same time as D—
would be inhibited. Therefore, we predicted that younger RhD negative women, whose
childbearing years would have coincided with the routine use of RhIG prophylaxis, would
have a lower HLA sensitization rate than RhD positive women. To test this prediction, we
examined the HLA sensitization rates in RhD negative versus RhD positive individuals in
different age groups. The rationale for this approach was that antenatal ± postpartum RhIG
has been standard practice in the U.S. for many years, so without having to be concerned
about the (largely unknown) details of pregnancy histories of the LAPS subjects, it was
reasonable to assume that all younger--but not older--RhD negative women would have
received RhIG in essentially all pregnancies. We found that RhD negative women ≤40 years
old (≤18 years old when antenatal RhIG prophylaxis was first recommended) had a
significantly lower HLA sensitization rate than their RhD positive counterparts. This
difference persisted after stratifying for delivery number. In contrast, a clear relationship
between RhD type and HLA sensitization was not seen in older previously pregnant women,
men, or nulliparous women. In a multivariable logistic regression analysis, RhD negative
women ≤40 years old remained significantly less likely to be HLA sensitized compared with
RhD positive women after adjusting for independent risk factors identified in the original
LAPS study1: parity, time from last pregnancy, lost pregnancies, and transfusions. Overall,
our data are consistent with the hypothesis that RhIG may suppress HLA sensitization in
pregnancy. If real, however, the effect of RhIG on HLA sensitization appears modest, and
much smaller than the effect exerted by pregnancy or delivery number. Alternatively, the
observation of lower HLA sensitization among previously pregnant younger RhD negative
individuals may be due to chance or other, unknown factors.

This study had several important limitations. As in all retrospective analyses, the data were
potentially subject to confounding and systematic bias. No information was available on
RhIG administration during pregnancy. Consequently, RhIG use had to be inferred based on
the estimated range of childbearing years. This approach should have been reasonably
accurate for the youngest (≤40) and oldest (≥71) female LAPS subjects, but less accurate for
subjects in the middle of the age spectrum. Postpartum RhIG was first licensed in the U.S. in
1968. CDC surveillance data shows that by 1970, postpartum RhIG was being used in 79%
of indicated pregnancies. Postpartum RhIG utilization increased to over 90% in many states
over the next few years.30 Antenatal RhIG was first recommended by ACOG in 1984.19,31

Unfortunately, utilization data for the years after 1984 are unavailable,32 so it is unclear
when antenatal RhIG prophylaxis became the standard of care in the U.S. In addition to
having no direct information about RhIG use in LAPS subjects, no data were available on
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when HLA antibodies first became detectable in sensitized LAPS subjects. Therefore, it was
not possible in this study to directly investigate a causal relationship between RhIG
administration and HLA antibody suppression.

There were other, less critical limitations of this study. The RR of 0.56 observed in RhD
negative versus RhD positive nulliparous women is difficult to explain, although the HLA
sensitization rate in this group was low, so the 95% CI associated with this point estimate
was very wide and failed to exclude 1 (0.17–1.83). It is highly unlikely that younger RhD
negative woman were less likely than RhD positive women to become HLA sensitized due
to a genetic factor. This is simply because all older women were once younger women. If a
genetic factor suppressed HLA antibody formation specifically in young RhD negative
women, then as cohorts of young women aged, we would have expected to observe a lower
prevalence of HLA antibodies in RhD negative women of all ages. This was not seen our
study, however. In both the original LAPS analysis1 and in this study, it was found that the
more time that has elapsed since the last pregnancy, the less likely that anti-HLA antibodies
will be detectable.1 We assume that the probability of an HLA antibody becoming
undetectable over time is equivalent for RhD negative and RhD positive women, but this is
unproven. In a 1974 study of previously pregnant White South African women, Brain and
colleagues reported that nonresponders to D tended not to form anti-HLA antibodies, and
women sensitized to D tended to be HLA sensitized as well.33 All LAPS subjects were
volunteer blood donors. Typically, individuals who test positive for non-ABO anti-RBC
antibodies are excluded from donating blood. It is plausible that among older, RhD negative
LAPS subjects, some “responders” likely to form anti-HLA could have been excluded from
LAPS on the basis of prior D sensitization in pregnancy, potentially skewing the older RhD
negative group towards a lower rate of HLA sensitization. If this skewing effect occurred, it
would have been modest, and would only have affected those RhD negative LAPS subjects
who became pregnant prior to the routine use of RhIG prophylaxis. Finally, while an
exploration of the potential mechanism(s) of HLA antibody suppression by RhIG was
beyond the scope of this study, one notable caveat is that commercial RhIG preparations do
contain antibody specificities other than anti-D e.g. anti-HLA (data not shown).

Given the limitations of this preliminary analysis, prospective studies are needed to
determine definitively whether RhIG can affect HLA sensitization in pregnancy. If RhIG
does suppress anti-HLA antibody formation, we predict that the effect will be somewhat
stronger than what was observed in this study, as the RhD negative women in LAPS would
not have received postpartum RhIG in about 40% of pregnancies. Immunoglobulin therapies
have successfully been used to prevent the serious clinical consequences of HPA-1A and
RhD sensitization in pregnancy. In contrast, nothing is done currently to try to avoid
pregnancy-related HLA sensitization, the most common form of alloimmunization in
pregnancy, and one that is associated with a host of potential adverse consequences
downstream: TRALI, platelet refractoriness, and stem cell and solid organ transplant
rejection. Based on the preliminary results from this study, we believe that further
investigation of the potential for RhIG to suppress HLA sensitization is warranted.
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Figure 1. Timeline of RhIG prophylaxis in the U.S
Postpartum RhIG to prevent D sensitization was first licensed in the U.S. in 1968. In 1984,
antenatal (week 28) RhIG prophylaxis was first recommended in the U.S. for all RhD
negative pregnancies. RhD negative women who were pregnant during the Pre-RhIG era
(dark gray) are assumed not to have received RhIG prophylaxis. RhD negative women who
were pregnant during the Postpartum RhIG era (light gray) are assumed to have received a
postpartum dose of RhIG in the approximately 60% of pregnancies in which the baby would
have tested RhD positive. RhD negative women who were pregnant during the Antenatal
RhIG era (white) are assumed to have received antenatal RhIG in 100% of pregnancies, and
an additional postpartum RhIG dose in the approximately 60% of pregnancies in which the
baby would have tested RhD positive.
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Figure 2. HLA sensitization rates in previously pregnant LAPS subjects, stratified by delivery
number
The percentage of previously pregnant women with detectable anti-HLA antibody (any
class) is shown for RhD positive women (squares, solid lines) and RhD negative women
(triangles, dashed lines) with 1, 2, 3, or 4 or more deliveries. Percent HLA sensitization is
plotted against deliveries for women who were: ≥71; 61–70; 51–60; 41–50; or ≤40 years old
at LAPS enrollment in 2006–07. *Significant at the p≤0.05 level.

Kaufman et al. Page 12

Transfusion. Author manuscript; available in PMC 2014 September 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Kaufman et al. Page 13

Table 1

Demographic characteristics of all female LAPS subjects

Total n (%) RhD Negative n (%) RhD Positive n (%)

All Women * 5,819 1,069 4,750

Age (in years)

≤40 1,904 (32.7) 315 (29.5) 1,589 (33.5)

41–50 1,527 (26.2) 297 (27.8) 1,230 (25.9)

51–60 1,534 (26.4) 296 (27.7) 1,238 (26.1)

61–70 669 (11.5) 126 (11.8) 543 (11.4)

≥71 185 (3.2) 35 (3.4) 150 (3.2)

Missing 1 (0.0) 0 (0.0) 1 (0.0)

Race/Ethnicity

White 5,238 (90.0) 1,014 (94.9) 4,224 (88.9)

Black 177 (3.0) 15 (1.4) 162 (3.4)

Hispanic 186 (3.2) 25 (2.3) 161 (3.4)

Asian 134 (2.3) 2 (0.2) 132 (2.8)

Other 74 (1.3) 10 (0.9) 64 (1.3)

Missing 10 (0.2) 3 (0.2) 7 (0.1)

Parity

0 2,051 (35.2) 341 (31.9) 1,710 (36.0)

1 684 (11.8) 122 (11.4) 562 (11.8)

2 1,655 (28.4) 339 (31.7) 1,316 (27.7)

3 906 (15.6) 167 (15.6) 739 (15.6)

≥4 463 (8.0) 94 (8.8) 369 (7.8)

Missing 60 (1.0) 6 (0.6) 54 (1.1)

Lost Pregnancies

0 4,071 (70.0) 723 (67.6) 3,348 (70.5)

1 1,009 (17.3) 207 (19.4) 802 (16.9)

≥2 595 (10.2) 120 (11.2) 475 (10.0)

Missing 144 (2.5) 19 (1.8) 125 (2.6)

Previously Transfused

Yes 348 (6.0) 62 (5.8) 286 (6.0)

No 5,337 (91.7) 983 (92.0) 4,354 (91.7)

Missing 134 (2.3) 24 (2.2) 110 (2.3)

*
5 women were missing Rh information
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Table 2

Relative risk (RR) of HLA sensitization in RhD negative women with one or more deliveries, stratified by
age.

Women with ≥ 1 delivery HLA sensitization (any class)

Age Group (in years) n RR (95% CI) RhD neg v. RhD pos

≤40 625 0.58 (0.40–0.83)

41–50 1,176 0.92 (0.73–1.17)

51–60 1,202 1.28 (1.01–1.64)

61–70 548 0.65 (0.39–1.06)

≥71 157 1.16 (0.58–2.30)
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