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Abstract

Background: Although the risks of adverse pregnancy outcomes associated with anti-D

antibodies are well-recognized, much less is known concerning alloimmunization with

other red blood cell antibodies detected during routine maternal screening. To date,

most reports of adverse pregnancy outcomes associated with non-anti-D antibodies

have been from small case studies. The aim of this study was to examine the associ-

ations of maternal alloimmunization with specific red blood cell antibodies and the risks

of preterm birth and stillbirth in the Swedish population.

Methods: All antibody screening, outcome and covariate data were obtained through

linkages of Swedish national health and data registers. Follow-up in these population-

based registers was available up to 31 December 2002. The final study sample consisted

of 1 022 569 singleton births from 668 952 mothers during 1987–2002.

Results: In total, 1.3% of the 1 022 569 study pregnancies were alloimmunized. In adjusted

logistic regression models, compared with having no antibodies, alloimmunization with

anti-D, anti-E, anti-C and anti-c was associated with increased risk of both stillbirth and pre-

term birth. In addition, anti-Kell was associated with increased risk of preterm birth and

anti-Lea with increased risk of stillbirth. Compared with firstborn children, risk of preterm

birth associated with alloimmunization was greater in subsequent births

Conclusions: In the largest study to date, alloimmunization with Rhesus, K- and -Lea red

blood cell antibodies increased the risk of preterm birth and/or stillbirth. The association

of anti-Lea with stillbirth was an unexpected finding. Further study of the consequences

of non-anti-D alloimmunization is warranted.
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Introduction

Preterm birth and stillbirth are adverse pregnancy out-

comes that present serious challenges to maternal care all

over the world. Preterm birth, defined by the World

Health Organization (WHO) as live birth before 37 com-

pleted weeks of gestation, is a leading cause of infant mor-

tality and lifelong morbidity.1 In 2010, 14.9 million

preterm births were estimated to have occurred, account-

ing for 11.1% of all live births in the world.2 Worldwide,

an estimated 2.64 million stillbirths occurred in 2009, cor-

responding to a rate of 19 stillbirths per 1000 deliveries.3

Although preterm birth and stillbirth are distinct birth

outcomes, proximate risk factors and mechanisms com-

mon to both have been identified.4,5 In particular, im-

munological pathways are relevant for at least a portion of

cases of preterm birth and stillbirth. For example, a meta-

analysis found that increased pro-inflammatory cytokines

in cervicovaginal fluid and amniotic fluid are associated

with spontaneous preterm birth,6 whereas placental in-

flammation is associated with increased risk of term still-

birth.7 To date the role of immunological pathways in

instigating adverse birth outcomes is not well understood,

and risk factors other than inflammation may be

implicated.

Screening for the presence of red blood cell (RBC) anti-

bodies is a standard antenatal procedure, with the goal of

detecting maternal RBC antibodies that can cross the pla-

cental barrier and attack fetal RBCs. In particular, mater-

nal alloimmunization to anti-Rhesus-D (anti-D) antibody

is recognized as a major contributor to fetal morbidity and

mortality.8 Whereas the focus of this screening to date has

been on determining the presence of anti-D antibody, anti-

bodies against more than 50 other RBC antigens have been

implicated in haemolytic disease of the fetus/newborn.9

However, the consequences of maternal RBC alloimmuni-

zation are not well known with regard to stillbirth and

preterm birth. Case reports and small studies suggest that

preterm birth may be caused by various maternal RBC

antibodies, including anti-c,10–12 -E12 and -Kell.13

Similarly, case reports suggest that stillbirth is associated

with other maternal RBC antibodies in the MNS sys-

tem13–15 and Kell system.16–18 However, because of the

low prevalence of maternal RBC alloimmunization (affect-

ing approximately 1% of all births, and considerably lower

for most specific antibodies19), there is a lack of popula-

tion-based studies concerning the contribution of specific

RBC antibodies to risks of stillbirth and preterm birth.

In the present study, we examine a population-based co-

hort of more than one million pregnancies in Sweden from

1987 to 2002 to investigate the associations of maternal

RBC antibodies with stillbirth and preterm birth.

Methods

Data sources

Various national computerized health and population data

registers were used in the analysis, with electronic linkages

conducted via the unique national registration number as-

signed to each person in Sweden.20 The Medical Birth

Register and Hospital Discharge Register were used to ob-

tain detailed information on births and mothers’ medical

history, respectively. The Medical Birth Register contains

records on approximately 99% of all births in Sweden

from 197321 and includes information on maternal age,

parity, multiple or singleton birth, stillbirth and infant

diagnoses classified according to ICD (International

Classification of Diseases) codes. The Hospital Discharge

Key Messages

• Whereas maternal alloimmunization with anti-D antibody is recognized as a major contributor to fetal morbidity and

mortality, the consequences of alloimmunization with other red blood cell antibodies are not well studied, especially

with regard to stillbirth and preterm birth.

• This study found evidence that alloimmunization with anti-D, -E, -C, -c and -Lea antibodies was associated with

increased risk of stillbirth.

• With regard to preterm birth, alloimmunization with anti-D, -E-, -C-, -c and -Kell antibodies was associated with

increased risk in non-primiparous women. Alloimmunization with anti-D and Kell antibodies was also associated

with increased risk in primiparous women.

• The findings, especially concerning anti-Lea, should be cautiously interpreted and warrant further investigation.
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Register, starting from 1964–65 and with nearly complete

national coverage of the population from 198722 includes

records on admission and discharge dates and hospital

codes, with diagnoses coded using the ICD-9 and -10

systems and procedures coded using the Swedish

Classification of Operations and Major Procedures.

Pregnant women in Sweden undergo blood screening at

the first antenatal appointment for ABO/RhD type as well

as for the presence and identification of RBC antibodies.

These laboratory tests are conducted and recorded at the

local blood banks. The Scandinavian Donations and

Transfusions database contains all transfusion and blood

screening data on virtually all persons registered at compu-

terized local blood banks in Sweden and Denmark since

196620 and from these data we constructed a database of

routine maternal screening records in Sweden.19 The pres-

ence or absence of specific RBC antibodies detected during

antenatal screening, as well as whether RhD prophylaxis

was administered, was determined through a computerized

search of free-text laboratory results. The accuracy and

completeness of this automated data extraction approach

has been validated.19 Follow-up in the registers described

above was available up to 31 December 2002 and, after

linkage, all data were de-identified by Statistics Sweden

and remain anonymous to us permanently. Ethical ap-

proval for this study was obtained from the Stockholm

Regional Ethics committee (Diary numbers 2008/672-32

and 2012/1133-31/1).

Definition of study sample

From 1987 to 2002, there were 1 568 348 births with valid

identifiers in the Medical Birth Register. Of these, a total

of 1 124 193 births had any maternal antibody screening

information available in the aforementioned database. We

restricted the analysis to the 1 086 030 singleton births, be-

cause multiple births more often present pregnancy com-

plications that result in higher incidence of stillbirth and

preterm birth. After removal of births with missing

antibody data, the study sample consisted of 1 022 569

singleton births from 668 952 women with complete infor-

mation on maternal antibody screening and birth

outcomes.

Variables

The exposures of interest were the specific maternal RBC

antibodies detected during pregnancy. Indicator variables

for the presence of specific antibodies were created based

on any mention of those antibodies in maternal screening

records. For anti-D antibody, we considered a woman to

be alloimmunized only if the positive screen was not due

to RhD prophylaxis, which latter information was also

recorded in the screening records.

The adverse pregnancy outcomes of interest were still-

birth and preterm birth. In the Swedish Medical Birth

Register, stillbirth (fetal death after 28 full weeks of gesta-

tion according to Swedish law) is recorded as an indicator

variable. Preterm birth is recorded as ICD-9 codes 644

(early or threatened labour) or 765 (disorders relating to

short gestation and low birthweight) and ICD-10 codes

O601(preterm spontaneous labour with preterm delivery)

or P073 (at least 28 completed weeks of gestation but less

than 37).

We considered a number of maternal and pregnancy

characteristics as potential covariates: maternal blood

group, age, maternal body mass index (BMI) at first ante-

natal visit, maternal country of birth, maternal smoking

status at first antenatal visit, parity, gestational hyperten-

sion during the indicated pregnancy, sex of the fetus and

transfusion history prior to pregnancy. Mothers’ ABO

blood group and RhD status were classified into four (O,

A, B and AB) and two (RhD-positive and RhD-negative)

categories, respectively. Maternal age at delivery was clas-

sified into six categories (<20 years, 20–<25 years,

25–<30 years, 30–<35 years, 35–<40 years, and �40

years). Data on maternal height and weight were recorded

at registration for maternity care from 1992 onwards.

Maternal weights <30 kg or >140 kg or heights <120 cm

or >200 cm were considered as errors and replaced by

missing values. BMI was calculated and classified into five

groups (<20, 20–<25, 25–<30, �30 and missing).

Maternal country of birth was categorized into three

groups (Sweden, other Nordic and non-Nordic countries).

Smoking status was defined according to the number of

cigarettes smoked per day (no smoking, 1–9 cigarettes/day

and �10 cigarettes/day). Parity was classified into three

levels (1, 2, �3). An indicator variable for diagnosis of

gestational hypertensive disorders during pregnancy was

created for ICD-9 codes 642 or ICD-10 codes O13, O14

or O15.21 History of receiving blood transfusion prior to

pregnancy was classified as either yes or no.

Statistical analysis

We analysed the associations of RBC antibodies with still-

birth and preterm birth using unadjusted and adjusted lo-

gistic regression models. For stillbirth, the study sample

consisted of all 1 022 569 births. For preterm birth, the

study sample was split into firstborn children and later-

born children, since risk of preterm birth is parity spe-

cific.22 After removal of the 3349 stillbirths, there were

406 500 firstborn children and 580 367 later-born children

in the analyses of preterm birth.
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In both stillbirth and preterm birth analyses, the esti-

mates of association between antibodies and outcome were

adjusted for covariates defined a priori from known associ-

ations with the outcomes (maternal BMI, smoking, gesta-

tional hypertensive disorders, sex of fetus), or of the

covariate with both maternal RBC alloimmunization and

the outcomes (country of origin, age, parity, birth year).

The maternal antibody screening database consists of in-

formation on over 60 RBC antibodies, many of which were

rarely detected even in 21 years of nationwide screening.

Therefore, we limited the present analysis to antibodies to

the four most immunogenic RBC antigen systems (Rh,

Lewis, MNS and Kell systems), along with specific antibod-

ies in the Rh and Lewis systems which occurred at a suffi-

cient frequency for meaningful analysis. For each antibody

or group of antibodies, logistic regression models were fitted

and adjusted in the same way, with births without the spe-

cific antibody or antibodies as the unexposed group. All data

preparation and analysis was conducted using SAS version

9.3 (SAS Institute, Cary, NC, USA) and R version 2.15.2.

In sensitivity analyses, we examined whether transfusion

history prior to pregnancy or gestational hypertensive dis-

orders influenced observed results, by removing affected

persons from the dataset and repeating analyses. In addition,

we tested whether associations of a particular antibody with

an outcome might be independent of other antibodies, by

examining a logistic regression model that included in the

same model an indicator for anti-D antibodies and four indi-

cator variables for any non-anti-D antibody in the Rh sys-

tem, Lewis system, MNS system and Kell system.

Results

Description of study sample

Selected characteristics of the study sample are described in

Table 1. From 1987 to 2002, stillbirth occurred in 3349 of

1 022 569 (0.3%) singleton births, whereas preterm birth

occurred in 36 952 of 1 019 220 (3.6%) singleton live births.

Mothers who had stillbirths or preterm deliveries were more

likely to be older, have higher BMI, smoke, be nulliparous,

have a history of transfusion prior to pregnancy and be born

in a non-Nordic country. In total, 13 524 (1.3%) of all

births occurred in RBC-alloimmunized mothers, with anti-

D the most detected (2797, 0.3%), followed by anti-E

(2281, 0.2%) and anti-Lea (2255, 0.2%).

Associations of antibodies with stillbirth

Associations of RBC antibodies with stillbirth are described

in Table 2. Overall, only 68 of 3349 stillbirths were alloim-

munized with any antibody (2.0%), and only 18 cases were

alloimmunized with anti-D. Crude logistic regression mod-

els indicated that maternal alloimmunization with anti-D, -

E, -C, -c and -Lea antibodies was associated with increased

odds of stillbirth. For example, the odds ratio (OR) and

95% confidence interval (CI) for anti-D was 1.98 (1.24-

3.15), whereas ORs for the other specific antibodies ranged

from 1.85 to 2.63. These estimates did not meaningfully

change after adjustment for maternal BMI, age, smoking,

parity, country of birth or birth year (last column, Table 2).

Associations of RBC antibodies with preterm birth

Associations of RBC antibodies with preterm birth, strati-

fied by parity, are described in Table 3. In primiparous

women, 144 of 15 568 preterm births (0.9%) were alloim-

munized with any antibody; in non-primiparous women,

1499 of 15 330 preterm births (3.3%) were alloimmunized

with any antibody. Crude and adjusted logistic regression

models indicated that alloimmunization with anti-D and

antibodies in the Kell system was associated with an

increased odds of preterm birth in firstborn children, with

adjusted ORs (95% CI) of 1.41 (1.00–1.98) and 1.81

(1.00–3.25), respectively. The crude and adjusted ORs

were larger for subsequent births. Anti-D, -E, -C, -c and

-Kell antibodies were associated with increased risk, with

adjusted ORs ranging from 2.10 (1.53–2.87) for Kell anti-

bodies to 3.41 (2.92–3.98) for anti-D antibodies.

Sensitivity analyses

We repeated our analyses after removing from the

study sample all women with a transfusion history prior to

pregnancy, or pregnancies with gestational hypertensive

disorders. Neither of these analyses resulted in any mean-

ingful change in the risk estimates (results not shown). We

also examined whether there was evidence that antibodies

were associated with the outcomes, independent of the

other antibodies, from models with anti-D, non-anti-D Rh

antibodies, Lewis antibodies, MNS antibodies and Kell

antibodies. The adjusted ORs from these analyses were all

attenuated (Table 4) but still indicated that: anti-D and

non-anti-D antibodies in the Rh system were associated

with increased odds of both stillbirth and preterm birth;

antibodies in the Lewis system were associated with

increased odds of stillbirth; and antibodies in the Kell sys-

tem were associated with increased odds of preterm birth.

Discussion

In a Swedish national sample of over one million singleton

births, we found that maternal alloimmunization with red

blood cell antibodies was associated with increased odds of
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stillbirth and preterm birth. These associations remained

after potential confounding factors relevant to mother and

fetus were taken into account. To our knowledge, this is

the first population-based epidemiological study of associ-

ations of maternal RBC alloimmunization with stillbirth

and preterm birth.

With the exception of the Lewis antibodies, the associ-

ations reported here are generally consistent with the

results of the case studies in the literature. In the largest

case study to date, including 629 alloimmunized women in

central Sweden, 7 had a stillbirth and 3 additional mothers

had a premature delivery,23 although measures of associ-

ation were not reported. Pregnancies with non-anti-D

Rhesus antibodies were described in a case report of a

woman alloimmunized with anti-c in her first and second

pregnancies, both of which terminated in spontaneous

Table 1. Characteristics of 1 022 569 singleton pregnancies, Sweden, 1987–2002

Characteristics N (%) of stillborn

(n¼3349)

N (%) of liveborn

(n¼1 019 220)

N (%) of preterm

(n¼36 952)

N (%) of non-preterm

(n¼982 268)

Maternal BMI at first antenatal visit

<20 171 (5.1) 77 334 (7.6) 3030 (8.2) 74 304 (7.6)

20–<25 998 (29.8) 380 172 (37.3) 12 462 (33.7) 367 710 (37.4)

25–<30 589 (17.6) 155 224 (15.2) 5340 (14.5) 149 884 (15.3)

�30 331 (9.9) 58 527 (5.7) 2459 (6.7) 56 068 (5.7)

Missing 1260 (37.6) 347 974 (34.1) 13 661 (37.0) 334 302 (34.0)

Maternal age at delivery

<20 60 (1.8) 22 660 (2.2) 1066 (2.9) 21 594 (2.2)

20–<25 532 (15.9) 182 124 (17.9) 7084 (19.2) 175 040 (17.8)

25–<30 1041 (31.1) 365 867 (35.9) 12 364 (33.5) 353 503 (36.0)

30–<35 994 (29.7) 301 731 (29.6) 10 216 (27.7) 291 515 (29.7)

35–<40 575 (17.2) 123 365 (12.1) 4998 (13.5) 118 367 (12.1)

�40 147 (4.4) 23 473 (2.3) 1224 (3.3) 22 249 (2.3)

Maternal country of birth

Sweden 2718 (81.2) 862 151 (84.6) 31 350 (84.8) 830 801 (84.6)

Other Nordic 127 (3.8) 36 112 (3.5) 1302 (3.5) 34 810 (3.5)

Non-Nordic 504 (15.0) 120 957 (11.9) 4300 (11.6) 116 657 (11.9)

Maternal smoking at first antenatal visit

No smoking 2237 (66.8) 790 238 (77.5) 26 024 (70.4) 764 214 (77.8)

1-9 cigarettes/day 385 (11.5) 107 636 (10.6) 4619 (12.5) 103 017 (10.5)

�10 cigarettes/day 316 (9.4) 59 235 (5.8) 3011 (8.2) 56 224 (5.7)

Missing 411 (12.3) 62 111 (6.1) 3298 (8.9) 58 813 (6.0)

Parity

1 1602 (47.8) 427 051 (41.9) 19 372 (52.4) 407 679 (41.5)

2 961 (28.7) 367 586 (36.1) 10 117 (27.4) 357 469 (36.4)

�3 785 (23.4) 224 583 (22.0) 7463 (20.2) 217 120 (22.1)

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

History of transfusion pre-pregnancy

No 3225 (96.3) 996 393 (97.8) 35 682 (96.6) 960 711 (97.8)

Yes 124 (3.7) 22 827 (2.2) 1270 (3.4) 21 557 (2.2)

Sex of fetus

Male 1714 (51.2) 523 339 (51.3) 19 901 (53.9) 503 438 (51.3)

Female 1631 (48.7) 495 881 (48.7) 17 054 (46.1) 478 830 (48.7)

Missing 4 (0.1) 0 (0.0) 0 (0.0) 0 (0.0)

Maternal ABO group

O 1252 (37.4) 383 930 (37.7) 13 376 (36.2) 370 554 (37.7)

A 1498 (44.7) 461 823 (45.3) 17 041 (46.1) 444 782 (45.3)

B 417 (12.5) 119 281 (11.7) 4444 (12.0) 114 837 (11.7)

AB 182 (5.4) 54 186 (5.3) 2091 (5.7) 52 095 (5.3)

Maternal Rh group

Rhþ 2815 (84.1) 859 900 (84.4) 31 110 (84.2) 828 790 (84.4)

Rh� 534 (15.9) 159 320 (15.6) 5842 (15.8) 153 478 (15.6)
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abortion in the first trimester.12 The same paper reported

on a further four anti-c-alloimmunized pregnancies (one of

which also had anti-E detected) which were delivered by

Caesarean section between 29 and 35 weeks of gestation,

due to fetal distress. Such severe cases of alloimmunization,

resulting in Caesarean section or induced delivery, would

account for only a few cases, and so cannot explain the

increased risk observed in our study. However, our results

suggest that antibodies in the MNS system were not associ-

ated with the risks of stillbirth and preterm birth, although

cases of premature delivery and fetal death in utero14,15,24

have been reported for mothers with some antibodies in

the MNS system.

Of note, whereas alloimmunization with anti-D and

-Kell antibodies was associated with increased risk of pre-

term birth in firstborn children, alloimmunization with

Table 2. Associations between stillbirth and maternal red blood cell alloimmunization with antibodies against specific antigens

and antigen systems in 1 022 569 singleton births in Sweden, 1987–2002

Alloimmunization N (%) of stillborn

exposed

N (%) of live born

exposed

Crude OR (95% CI) Adjusted ORa

(95% CI)

Anti-D 18 (0.5) 2779 (0.3) 1.98 (1.24–3.15) 1.81 (1.14–2.88)

Non-anti-D antibodies in Rh system 20 (0.6) 3291 (0.3) 1.85 (1.19–2.88) 1.82 (1.17–2.83)

Anti-E 14 (0.4) 2267 (0.2) 1.88 (1.11–3.19) 1.86 (1.10–3.15)

Anti-C 8 (0.2) 932 (0.1) 2.62 (1.30–5.25) 2.48 (1.23–4.98)

Anti-c 6 (0.2) 694 (0.1) 2.63 (1.18–5.89) 2.52 (1.13–5.65)

Antibodies in Lewis system 17 (0.5) 2729 (0.3) 1.90 (1.18–3.07) 1.85 (1.14–2.98)

Anti-Lea 17 (0.5) 2238 (0.2) 2.32 (1.44–3.74) 2.25 (1.39–3.63)

Antibodies in MNS system 2 (0.1) 1306 (0.1) 0.47 (0.12–1.86) 0.48 (0.12–1.90)

Antibodies in Kell system 6 (0.2) 927 (0.1) 1.97 (0.88–4.40) 1.81 (0.81–4.06)

aAdjusted for maternal BMI, age, smoking, parity, maternal country of birth, and birth year. Bold face indicates significance.

Table 3. Associations between preterm birth and maternal red blood cell alloimmunization in firstborn and later-born singleton

live births in Sweden, 1987–2002

Alloimmunization N (%) of preterm

exposed

N (%) of non-preterm

exposed

Crude OR (95% CI) Adjusted ORa

(95% CI)

First born N¼406 500

Anti-D 35 (0.2) 574 (0.1) 1.52 (1.08, 2.13) 1.41 (1.00, 1.98)

Non-anti-D antibodies in Rh system 23 (0.1) 513 (0.1) 1.11 (0.73, 1.69) 1.10 (0.72, 1.67)

Anti-E 18 (0.1) 386 (0.1) 1.16 (0.72, 1.86) 1.15 (0.71, 1.84)

Anti-C 7 (0.0) 169 (0.0) 1.03 (0.48, 2.19) 0.99 (0.46, 2.11)

Anti-c 2 (0.0) 62 (0.0) –b –b

Antibodies in Lewis system 31 (0.2) 751 (0.2) 1.03 (0.72, 1.47) 1.01 (0.71, 1.45)

Anti-Lea 23 (0.1) 619 (0.2) 0.92 (0.61, 1.40) 0.91 (0.60, 1.38)

Antibodies in MNS system 15 (0.1) 353 (0.1) 1.06 (0.63, 1.77) 1.04 (0.62, 1.75)

Antibodies in Kell system 12 (0.1) 158 (0.0) 1.89 (1.05, 3.40) 1.81 (1.00, 3.25)

Later-born N¼580 367

Anti-D 181 (1.2) 1850 (0.3) 3.60 (3.09, 4.20) 3.41 (2.92, 3.98)

Non-anti-D antibodies in Rh system 192 (1.3) 2438 (0.4) 2.90 (2.50, 3.36) 2.77 (2.38, 3.21)

Anti-E 105 (0.7) 1666 (0.3) 2.31 (1.89, 2.81) 2.21 (1.81, 2.70)

Anti-C 80 (0.5) 631 (0.1) 4.64 (3.68, 5.86) 4.46 (3.53, 5.64)

Anti-c 42 (0.3) 555 (0.1) 2.76 (2.02, 3.78) 2.59 (1.89, 3.55)

Antibodies in Lewis system 60 (0.4) 1771 (0.3) 1.24 (0.96, 1.60) 1.14 (0.88, 1.47)

Anti-Lea 49 (0.3) 1478 (0.3) 1.23 (0.92, 1.63) 1.13 (0.85, 1.50)

Antibodies in MNS system 31 (0.2) 843 (0.2) 1.34 (0.94, 1.92) 1.37 (0.96, 1.97)

Antibodies in Kell system 42 (0.3) 670 (0.1) 2.29 (1.68, 3.13) 2.10 (1.53, 2.87)

aAdjusted for maternal BMI, age, smoking, maternal country of birth, and birth year.
bNot estimated due to small numbers (< 5) of exposed cases.

Bold face indicates significance.
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these and other Rhesus antibodies posed greater risks in

subsequent births. Two possibilities underlie this finding.

First, it is understood that deliveries of non-primiparous

women are more affected by alloimmunization since the

immunization event is often the previous delivery. In con-

trast, whereas immunization can and does occur in the first

pregnancy, a large proportion of immunizing events occur

in the third trimester, resulting in a less severely affected

child.25 In addition, it is also possible that due to the low

frequency of exposed cases of preterm birth in first preg-

nancies, our ability to detect an association was limited.

A major strength of our study is that it provides results

based on a large population-based cohort with almost

complete data on maternal antibody screening results for

estimating the effects of maternal alloimmunization on

pregnancy outcome. However, even with the large sample

size, not all RBC antibodies in the database could be

studied with respect to stillbirth and preterm birth, due to

the small numbers of exposed pregnancies. An important

limitation of the study is that, at the present time, further

detail on titre information is not coded in the database.

Although risk estimates were adjusted for factors such as

maternal BMI, age, parity and smoking, we cannot exclude

the possibility of some residual confounding of the associ-

ations between antibody status and pregnancy outcome.

Our database also had no information on delivery onset

and therefore we could not investigate whether antibody

status had different effects on spontaneous and medically

indicated preterm birth, respectively. In addition, we did

not have information on neonatal care and could not ex-

plore whether certain antibodies were associated with spe-

cific neonatal morbidities, their treatment and the duration

of care. Therefore our conclusions should be interpreted

cautiously regarding the causality of the association with

the outcomes studied. Another limitation is that of general-

izability. The risk of RBC alloimmunization is known to

depend on ethnic/genetic background, so that any associ-

ations (or lack thereof) found in the Swedish population

may not be relevant to other populations. A striking

example is the high prevalence of anti-Mi and almost zero

Table 4. Associations of stillbirth and preterm birth with maternal red blood cell alloimmunization in Sweden, 1987–2002

Alloimmunization Stillbirth Preterm

Model 1a Model 2b Model 1a Model 2b

OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)

Anti-D 1.73 (1.06–2.81) 1.61 (0.99–2.622) 2.33 (2.01–2.70) 2.26 (1.97–2.60)

Non-anti-D antibodies in Rh system 1.59 (1.00–2.53) 1.60 (1.01–2.54) 1.78 (1.54–2.06) 1.80 (1.56–2.07)

Antibodies in Lewis system 1.87 (1.16–3.02) 1.83 (1.13–2.96) 1.08 (0.87–1.33) 1.09 (0.90–1.32)

Antibodies in MNS system 0.45 (0.11–1.78) 0.46 (0.11–1.84) 1.12 (0.83–1.50) 1.20 (0.91–1.57)

Antibodies in Kell system 1.80 (0.80–4.03) 1.68 (0.75–3.77) 1.77 (1.34–2.34) 1.78 (1.37–2.30)

aModel 1 adjusted for every other antibody or antibody system shown.
bModel 2: adjusted for every other antibody shown and for maternal characteristics (BMI, age, smoking, parity, country of birth, and birth year).

Bold face indicates significance.

Figure 1. Odds ratios and 95% confidence intervals for associations of stillbirth and preterm birth with maternal red blood cell alloimmunization and

other maternal risk factors. All estimates are derived from logistic regression models adjusted for all covariates shown, in addition to a categorized

year of birth (not shown in figure).
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prevalence of anti-D in the Hong Kong Chinese popula-

tion, consistent with the reported frequencies of the Mi

and D antigens in Chinese populations.26

Several considerations are warranted in interpretation

of the associations presented here. Anti-D antibody is one

of the most well-known risk factors for adverse fetal out-

comes, and routine use of RhD prophylaxis has effectively

reduced much of the morbidity and mortality associated

with anti-D alloimmunization.27 In our study sample, anti-

D antibody occurred at a frequency comparable to other

antibodies (e.g. anti-Lea, anti-E) that are not as well

studied and which do not have prophylactic treatments.

However, the relative risk of stillbirth and preterm birth

associated with these less well-known antibodies was of

similar magnitude to that found for anti-D. Moreover,

the relative risks associated with the antibodies are of simi-

lar magnitude to those of recognized risk factors such as

advanced maternal age and maternal smoking (Figure 1)

which have received significantly more attention in the

medical literature. Thus, the associations we report, espe-

cially those for non-anti-D alloimmunization, deserve fur-

ther investigation.

The associations reported here do not necessarily pro-

vide any insight regarding potential mechanisms linking

RBC alloimmunization with stillbirth and preterm birth,

although presumably haemolytic disease and fetal anaemia

are involved. Fetal blood sampling and fetal transfusion

could lead to preterm birth29 or fetal death,28 but these

procedures are likely to be implemented only in a small

number of unusually severe cases. In addition, it must be

noted that induction of labor or a Caesarean section may

be considered upon impression of possible fetal haemolytic

disease. However, this is not routinely performed before

37 completed weeks of gestation in the Swedish popula-

tion. Anti-D and anti-c have frequently been reported to be

associated with severe haemolytic disease and anti-K with

early suppression of erythropoiesis,29 whereas -C, -E, and

-MNS antibodies have been infrequently associated with

severe haemolytic disease.30 The findings concerning Lewis

antibodies are surprising, as they are not associated with

haemolytic disease since they are almost exclusively IgM

antibodies and thus do not cross the placental barrier.31 In

addition, Lewis antigens are not expressed on fetal RBCs.

Therefore, the biological plausibility for an association

between Lewis antibodies and stillbirth requires identifica-

tion of an immunological mechanism other than attack of

fetal RBCs.

In conclusion, specific RBC antibodies in alloimmu-

nized mothers are associated with increased risks of still-

birth and prematurity. The current screening programmes

for many RBC antibodies lack valid population-based evi-

dence and are generally reliant on small case studies. Our

findings provide population-based evidence that alloimmu-

ninzation may increase the risks of stillbirth and preterm

birth. These findings should be further investigated and, if

validated, should be considered in optimizing the screening

and monitoring of pregnant women.
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