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Screening for HLA antibodies in plateletpheresis donors with a
history of transfusion or pregnancy
Dorien De Clippel,1 Martine Baeten,1 Anneleen Torfs,2 Marie-Paule Emonds,2 Hendrik B. Feys,3
Veerle Compernolle,1 and Philippe Vandekerckhove1,4

BACKGROUND: Transfusion-related acute lung injury
(TRALI) is known as a life-threatening complication of
transfusion. HLA and HNA antibodies have been associated with the immune pathway of TRALI. Since
donors with a history of transfusion and/or pregnancy
are presumed to have an increased risk of carrying
such antibodies, we investigated the association of a
history of transfusion or pregnancy with the occurrence
of HLA alloimmunization in our donor population.
STUDY DESIGN AND METHODS: A total of 1018
female plateletpheresis donors and male
plateletpheresis donors with a history of transfusion
were enrolled in the study. Included donors were systematically screened, using Luminex technology, for
anti-HLA Class I and II. The association of donor history
with HLA alloimmunization status was analyzed.
RESULTS: The overall alloimmunization rate was
20.2%. In 0.0% of the nulliparous transfused female
donors and in 1.3% of the transfused male donors, antiHLA were detected. Thirty-one percent of the parous
women versus 4.2% of the nulliparous women screened
positive for anti-HLA. The rate of HLA alloimmunization
increased with parity.
CONCLUSION: Our data indicate that a history of
transfusion is a minor risk factor for immunization
against HLA antigens. In contrast, former pregnancies
constitute a major risk factor for the development of
HLA antibodies. Since HLA alloimmunization rate
increases with parity, TRALI risk reduction measures
should focus on this particular donor population.
Repeated testing of female plateletpheresis donors after
each pregnancy is implemented in our blood service.

T

ransfusion-related acute lung injury (TRALI) is a
type of noncardiogenic pulmonary edema characterized by acute respiratory distress that can
occur as a complication after transfusion.1
Although the pathogenesis of TRALI is only partially
resolved, an increasing number of studies have confirmed
the role of antibodies against HLA and HNA antigens in
the development of TRALI.2-6 Recent case control studies
have shown that HLA Class I antibodies are weak triggers
of TRALI compared to HLA Class II and HNA antibodies,7-9
and a smaller study even debated the involvement of HLA
antibodies at all.10
TRALI accounted for 47% of the transfusion-related
fatalities reported to the US Food and Drug Administration from 2005 through 2010.11 Although all blood components have been implicated in TRALI, products containing
large amounts of plasma impose a higher risk.12 The
Serious Hazards of Transfusion hemovigilance program
conducted from 1996 to 2002 observed that plasma from
female blood donors with white blood cell antibodies was
the component most often implicated in TRALI.13 A
passive surveillance study of TRALI cases reported to the
American Red Cross came to similar conclusions.14
Since then, several donor management strategies, for
example, exclusion of female donors from single-unit
fresh-frozen plasma production, have been proposed and
implemented worldwide.13,15-17 Even with modern TRALI
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risk reduction strategies, TRALI remains an important
cause of transfusion-related morbidity and mortality and
is estimated to occur in approximately one in 12,000 transfused blood components.8
At our institution, methylene blue–inactivated
plasma has been, since 2004, produced originating only
from male donors without a history of transfusion. In
platelet (PLT) concentrates—both buffy coat derived and
from apheresis—plasma content is significantly reduced
by using PLT additive solutions (ASs). Before implementing additional measures for plateletpheresis donors, a
pilot study was undertaken in our blood service to
analyze the HLA immunization status in female
plateletpheresis donors and in male plateletpheresis
donors with a history of transfusion. Based on the
outcome of this study, an HLA alloimmunization screening strategy was developed.

MATERIALS AND METHODS
Donor selection
Plateletpheresis donors are voluntary, nonremunerated
donors between the ages of 18 and 65 years. In accordance
with the European Directive 2002/98/EC and Belgian
law they are selected and allowed to give PLTs 24 times a
year with a minimum interval of 2 weeks between two
subsequent donations. In addition to this legislation,
plateletpheresis donors must test negative for red blood
cell (RBC) alloantibodies at each donation. The screening
of RBC alloantibodies is performed on each individual
donation in first-time donors and after a history of transfusion and/or pregnancy. In all other situations, testing is
performed on serum pools of 50 donations. If the pool
tests positive, each individual donation is retested.
During a 1-year time period, plateletpheresis donors
were recruited for this study. All female donors and male
donors with a transfusion history registering for PLT donation were asked to participate in the study.
The involved donors were informed about the aim of
the study by the physician at the collection site, signed an
informed consent, and were asked to complete a short
questionnaire containing the following questions:
•

•

Female donors: pregnancies including miscarriages?
o If yes: the number of pregnancies, the year of the
partus or abortion
o If more than one pregnancy: the involvement of
one or more biologic fathers
Male and female donors: transfusion history?
o If yes: number and year of transfusion(s)

Two additional blood samples, one serum sample for
HLA antibody-screening and identification and granulocyte agglutination test and one EDTA sample for future
DNA typing of HLA and/or HNA, were collected.
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Detection of HLA antibodies
HLA antibodies were screened using a commercial platform (Luminex, LIFECODES LifeScreen Deluxe, Immucor,
Norcross, GA). This method is an adaptation of standard
flow cytometry using fluorescent antigen-coated
microbeads. For screening, these beads are coated with a
wide range of HLA antigens of multiple individuals. For
identification, the beads are coated with HLA antigens of
one individual (LIFECODES Class I ID and Class II ID,
Immucor) or with single recombinant antigens
(LIFECODES LSA Class I and Class II, Immucor). This
method detects HLA Class I and HLA Class II antibodies
separately in one assay and is known from clinical studies
to be sensitive and specific.18 A result was defined as positive following the algorithm proposed by the manufacturer. Positive results were classified as weak positive if
both mean fluorescence intensity and adjusted value
were, respectively, less than 2000 and 10. This is an operational definition to select sera that needed further testing
with the single-antigen identification test to confirm the
specificity of HLA antibodies and to exclude nonspecific
reactions in borderline positive samples.

Statistical analysis
Two-sided Fisher’s exact tests were performed to assess
associations between two variables: “history of pregnancy” and “alloimmunization,” “history of transfusion”
and “alloimmunization,” “one versus more biologic
fathers in multiparous women” and “alloimmunization,”
and “transfusion and pregnancy at the same time versus
transfusion and pregnancy separated in time in parous
women” and “alloimmunization.” p values of less than
0.05 were considered significant. The association of “time
since last pregnancy” with “alloimmunization” was examined by chi-square test and the association of “number of
pregnancies” with “alloimmunization” was performed
using a correlation model (95% confidence interval [CI]).

RESULTS
Donor selection
During a 1-year enrollment period, 3068 plateletpheresis
donors presented to the blood center (Fig. 1). A total of
1040 (947 females and 93 males) plateletpheresis donors
consented to participate in the study and answered the
questionnaire regarding pregnancies and transfusion
history. Sixteen male donors had no history of transfusion
and were excluded from the study. Samples of five female
donors gave invalid test results and these donors were also
excluded from the study. In seven of the 1019 donors,
questionnaires were not completed for history of transfusion or history of pregnancy. Six donors were contacted
successfully. The one remaining donor with incomplete
questionnaire was excluded from the study. This resulted
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number of positive tested donors (HLA I and/or II) was
206 (20.2%): one male and 205 female. Overall, 59 donors
had a positive screening test for HLA Class I, 75 for HLA
Class II, and 72 for both HLA Class I and HLA Class II. Of
the 206 positive screened donors, 40 were considered as
weak positive (one male and 39 female). Identification of
the antibody revealed 25 clear-cut positive results (also
directed against HLA haplotypes); in 15 no HLA alloantibody specificity could be defined. Thirty-nine of the 40
weak positive results were determined in donors with
history of transfusion and/or pregnancy.

3068 plateletpheresis
donors presented:
1835 males
1233 females

1040 plateletpheresis
donors participated:
93 males
947 females

93 males tested

947 females tested

16 no
history of transfusion

5 invalid
test results

77 with a
history of transfusion

1 incomplete
pregnancy/transfusion
data

941 valid test results

History of previous pregnancies or transfusions
A total of 941 female donors answered the transfusion
history and pregnancy history questions. A total of 619
(65.8%) of these donors reported previous pregnancies. A
total of 106 donors reported a combined history of pregnancy and transfusion. Only 12 of 322 female donors
without a history of pregnancy reported previous blood
transfusions (Table 2).

Impact of transfusion history
Of the 77 male donors with history of transfusion, only
one donor screened positive, classified as weak positive,
for HLA antibodies (Table 1). As shown in Table 2, 12 of
322 nulliparous female donors had a history of transfusion. In none of these female donors were HLA antibodies
detected. In addition, the frequency of HLA antibodies
was similar in parous women with a history of transfusion
and parous women without a history of transfusion.

Fig. 1. Flow chart of the study population. Of the 3068
plateletpheresis donors who presented to the blood center,
1040 participated in the study and serum samples were collected for testing. Only 1019 (98%) of the 1040 donors were
accepted for further analysis (77 male donors with a history of
transfusion and 942 female donors). One positive tested
female donor who gave incomplete pregnancy and transfusion data was unavailable and was excluded from the study.
This resulted in a final sample of 1018 donors for analysis
consisting of 941 female and 77 male donors who received
transfusions.

in a final sample of 1018 donors, 941 female and 77 transfused male donors for further study. In two donors, time
interval since transfusion was not available. These donors
were not excluded from the study.

Frequency of HLA immunization in the
study population
Table 1 summarizes the results obtained by screening for
HLA antibodies in the studied population. The overall

Impact of history of pregnancy
A total of 192 of 619 (31.0%) female donors who reported a
previous pregnancy versus 13 of 322 (4.0%) of the nulliparous women tested positive for one or both classes of HLA
antibodies. Regardless of number of pregnancies, a
“history of pregnancy” was found to be related to HLA
alloimmunization (p < 0.0001; Table 3).
In two of the 106 female donors with a history of both
transfusion and pregnancy, information on the year of
transfusion was not available. For 65 of the remaining 104
donors, pregnancy and transfusion occurred in the same
year. In 26 of 65 (40.0%) donors from this subgroup, HLA
antibodies were found (Class I and/or II). Although the
frequency of HLA antibodies appeared lower in donors in
which transfusion and pregnancy were more dispersed in
time, namely, 11 of 39 (28.2%), this difference between
both groups was not significant (p = 0.291; Table 3).
The total number of pregnancies of parous female
donors was 1483. Of the 65 donors with a history of pregnancy and transfusion in the same year, the total number
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TABLE 1. Results summary of all donors (male and female)*
Antibodies
Anti-HLA positive
HLA I positive only
HLA II positive only
HLA I and II positive
Anti-HLA negative

All donors, n = 1018 (100.0%)
206/1018 (20.2)
59 (28.6)
75 (36.4)
72 (35.0)
812/1018 (79.8)

Male (T > 0), n = 77 (7.5% of all donors)
1/77 (1.3)
0 (0.0)
1 (100.0)
0 (0.0)
76/77 (98.7)

Female, n = 941 (92.4% of all donors)
205/941 (21.8)
59 (28.8)
74 (36.1)
72 (35.1)
736/941 (78.2)

* Data are reported as number (%).
T = history of transfusion.

TABLE 2. Results summary of female donors (with or without pregnancy and/or transfusion)*
All female donors, n = 941 (100.0%)
Antibodies
Anti-HLA positive
HLA I positive only
HLA II positive only
HLA I and II positive
Anti-HLA negative

Female P > 0, n = 619 (65.8% of all female donors)
T = 0, n = 513 (82.9%)
T > 0, n = 106 (17.1%)
154/513 (30.0)
38/106 (35.8)
48 (31.2)
10 (26.3)
57 (37.0)
7 (18.4)
49 (31.8)
21 (55.3)
359/513 (70.0)
68/106 (64.2)

Female P = 0, n = 322 (34.2% of all female donors)
T = 0, n = 310 (96.3%)
T > 0, n = 12 (3.7%)
13/310 (4.2)
0/12 (0.0)
1 (7.7)
0 (0.0)
10 (76.9)
0 (0.0)
2 (15.4)
0 (0.0)
297/310 (95.8)
12/12 (100.0)

* Data are reported as number (%).
P = history of pregnancy; T = history of transfusion.

TABLE 3. HLA antibody prevalence in different donor subgroups*
Donor group
Females (n = 941)
Parous (n = 619)
Nulliparous (n = 322)
Nulliparous females‡ (n = 322)
Transfused (n = 12)
Nontransfused (n = 310)
Parous females§ (n = 619)
Transfused (n = 106)
Nontransfused (n = 513)
Multiparous females|| (n = 486)
Pregnancies from more than one biologic father (n = 20) (mean number of pregnancies,
2.75)
Pregnancies from one biologic father (n = 446) (mean number of pregnancies, 2.77)
Parous and transfused females (n = 104)
Pregnancy and transfusion in the same year (n = 65)
Pregnancy and transfusion not in the same year (n = 39)
*
†
‡
§
||

No HLA
antibodies

192 (31.0)
13 (4.0)

427 (67.0)
309 (96.0)

p < 0.0001

0 (0.0)
13 (4.2)

12 (100.0)
297 (95.8)

p=1

38 (35.8)
154 (30.0)

68 (64.2)
359 (70.0)

p = 0.2497

8 (40.0)

12 (60.0)

148 (33.2)

298 (66.8)

26 (40.0)
11 (28.2)

39 (60.0)
28 (71.8)

p value†

p = 0.62

p = 0.291

Data are reported as number (%).
Two-sided Fisher’s exact test, 95% CI, p = 0.05.
Nulliparous = women with no pregnancy.
Parous = women with pregnancy.
Multiparous = women with two or more pregnancies.

of transfusions was 76. So the rate of transfusion in female
donors per pregnancy was 5.1% (76/1483).

Impact of number of pregnancies on the
prevalence of HLA antibodies
The association of number of pregnancies with alloimmunization was performed using a correlation model
(Fig. 2). Of the female donors, 619 of 941 (65.8%) had a
history of pregnancy, 106 (17.1%) with and 513 (82.9%)
without a history of transfusion. Parity ranged from zero to
4

HLA
antibodies

TRANSFUSION Volume **, ** **

nine pregnancies. With increasing parity, the likelihood of
finding HLA antibodies increased with the number of
pregnancies (p = 0.003; Fig. 2). The association with the
number of pregnancies strongly remained even after
excluding data from the transfused parous female donors
(p = 0.002; Fig. 2). Our data confirm the findings of other
studies that each pregnancy increases the likelihood of
HLA immunization.19-22
A total of 310 of 941 female donors reported no
history of pregnancy or transfusion. Nevertheless, 13 of

SCREENING FOR HLA ANTIBODIES IN DONORS

(p = 0.0351), but no specific trend could be determined.
We observed no abrupt decline in the prevalence of
HLA antibodies as time since last pregnancy increased
(from 30.0% [<10 years] to 25.2% [>30 years]) unadjusted
for number of pregnancies, in contrast to Triulzi and
coworkers20 (from 31.3 % [<10 years] to 18.3% [>30 years]).
This difference might be caused by the high sensitivity of
the Luminex assay.

Impact of pregnancies from more than one
biologic father in the occurrence of
HLA antibodies

Fig. 2. Correlation model for the prevalence of HLA antibodies
with increased parity. The dotted lines represent the 95% CI.
(●) History of pregnancy and transfusion, p = 0.003; (■)
history of pregnancy only, p = 0.008.

In multiparous women, the involvement of more than
one biologic father in the occurrence of HLA alloimmunization was investigated. Twenty donors reported
more than one biologic father, 446 reported one biologic
father, and 20 donors did not answer the question. The
occurrence of HLA alloimmunization was not significantly different among both groups (Table 3).

DISCUSSION

Fig. 3. Prevalence of HLA antibodies in parous females by time
since last pregnancy.

them had clearly defined HLA antibodies directed against
well-defined HLA antigens spreading over HLA AB
DR-haplotypes, which may indicate missed abortions or
intentional nondisclosure of abortions or pregnancies
(Table 2).

Impact of time since last pregnancy on the
prevalence of HLA antibodies
The influence of “time since the last pregnancy” on the
occurrence of HLA antibodies is displayed in Figure 3.
Time since last pregnancy was categorized in 5-year intervals. HLA alloimmunization is the highest if the interval of
time since last pregnancy is between 15 to 20 years
(44.7%). Overall, a small significance between time since
last pregnancy and HLA antibody prevalence was found

In 2008, our blood service started reducing the volume of
residual plasma by AS supplementation for all PLT products. This was, given the known relationship between
transfusion of plasma and TRALI risk,12 an important step
in reducing the risk for TRALI induced by donor antibodies in PLT products. Whereas for virus-inactivated plasma,
all female donors are deferred, a similar approach for
plateletpheresis products would result in an unacceptable
loss of volunteer donors as approximately 32.0% of the
plateletpheresis donations are female in our blood
service. The ultimate goal of this study was to develop a
strategy that would further reduce the risk of TRALI
without compromising the supply of PLT concentrates.
We therefore evaluated the effect of a history of transfusion or pregnancy on HLA alloimmunization in our
plateletpheresis donor population and studied the influence of time since last pregnancy, the number of pregnancies, and the involvement of different biologic fathers on
the occurrence of HLA alloimmunization.
The obtained data confirm that the frequency of HLA
alloimmunization is higher in women with a history of
pregnancy. Although donors that screened positive for
RBC alloantibodies were already excluded in this cohort,
31.0% of the parous female donors screened positive for
HLA antibodies. This percentage is equal to or even higher
than the 25.4% of all female donors described in Powers
and colleagues19 and the 24.4% in parous female donors
reported by Triulzi and colleagues.20 In our study, a
Luminex platform was used to perform the HLA screening. The high sensitivity of this method may explain the
high percentage of HLA-positive parous women, even
when testing was conducted decades after the last
pregnancy.
Volume **, ** **
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The observation that even more than 30 years after
the last delivery a significant association between pregnancy history and HLA immunization is detected supports that a strategy in which all parous female donors are
tested for HLA alloantibodies irrespective of the time span
since the last pregnancy makes sense and is in line with
Powers and colleagues.19
The increasing frequency of HLA alloimmunization
with increasing number of pregnancies indicates that
each pregnancy may act as an additional immunizing
event. Therefore, screening for HLA antibodies, comparably to RBC alloantibody screening should be repeated
after each pregnancy. Although the observed frequency of
HLA immunization appeared higher if multiple pregnancies were induced by more than one biologic father, study
numbers were too low to demonstrate significant difference. Surprisingly, 4.2% of all female donors without previous pregnancies or transfusions were found positive in
our study. These HLA alloimmunizations may be related
to missed abortions or intentional nondisclosure of
induced abortions or pregnancies.
Powers and colleagues19 demonstrated the presence
of HLA antibodies in 12.0% of male donors with a prior
history of transfusion. Our study could not confirm these
findings. Indeed, in our donor population, only one of 77
screened male donors with a history of transfusion had a
(weak) positive result for HLA antibodies. In addition,
none of the nulliparous women with a history of transfusion had HLA antibodies. Our data suggest that, compared
to pregnancy, transfusion does not appear to be as potent
for HLA immunization. In our blood service,
leukoreduction of cellular blood components was implemented nationwide in 2005. This measure possibly
decreased the risk for primary HLA alloimmunization
after transfusion. Furthermore, the deferral of donors that
screen positive for RBC alloantibodies could have lowered
the percentage of donors sensitized to HLA antigens in the
remaining active donor population. In general, our observations suggest that screening for HLA alloimmunization
based on a history of transfusion has limited additional
value in the era of leukoreduction. Future studies should
confirm this finding.
The overall transfusion rate in our parous female
donor population (5.1%) is high compared to transfusion
rates in the general obstetric population in Flanders
(Belgium; 1.0%-1.2% during the period 2002 and 2007)23
and compared to transfusion rates reported in other
countries.24-26 In our donor population we observed a
decreasing transfusion rate over time, namely, 6.7% from
1960 to 1969, 6.1% from 1970 to 1979, 5.5% from 1980 to
1989, 4.1% from 1990 to 1999, and 3.8% after 2000, suggesting the existence of a more liberal transfusion policy
in national hospitals in previous decades. In addition, the
high transfusion rate in our study population might also
be explained in part by increased motivation of women
6
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who themselves once needed transfusion to become a
blood donor. The current study design tested male donors
with a history of transfusion not including a control group
that was never transfused; therefore, a comparison of HLA
alloimmunization incidence between these two groups
was not possible.
It should be pointed out that testing donors for HLA
antibodies will never completely eliminate the risk of
TRALI, especially as antibodies directed to neutrophilspecific antigens may be involved.7 At present, additional
testing for HNA antibodies is not performed as the tests
are not available in our institute. When routine HNA
testing on the Luminex becomes available, the study
group of HLA antibody positive tested donors will be
reanalyzed for this variable.
After completion of this study, donors who tested
positive for HLA Class I and/or Class II antibodies were
excluded from plateletpheresis donation. This resulted in
a loss of approximately 21.0% of the female PLT donor
population and approximately 10.0% of the entire PLT
donor population.
Within our institution, screening for HLA antibodies
is now routinely conducted for all new female
plateletpheresis donors and for female plateletpheresis
donors after each pregnancy. For male and female
plateletpheresis donors, we currently continue to screen
for HLA antibodies after each transfusion episode
to obtain more data to confirm that transfusion of
leukoreduced blood constitutes a minor risk factor.
ACKNOWLEDGMENTS
The authors would like to thank the plateletpheresis donors for
their participation in the study. The authors work for the Belgian
Red Cross-Flanders and receive no funding. The authors
approved the submission of the final version of the manuscript.
CONFLICT OF INTEREST
The authors have disclosed no conflicts of interest.

REFERENCES
1. Popovsky MA, Moore SB. Diagnostic and pathogenetic
considerations in transfusion-related acute long injury.
Transfusion 1985;25:573-7.
2. Zupanska B, Uhrynowska M, Michur H, et al. Transfusionrelated acute lung injury and leukocyte-reacting antibodies. Vox Sang 2007;93:70-7.
3. Kopko PM, Popovsky MA, MacKenzie MR, et al. HLA class
II antibodies in transfusion-related acute lung injury.
Transfusion 2001;41:1244-8.
4. Bux J, Becker F, Seeger W, et al. Transfusion-related acute
lung injury due to HLA-A2-specific antibodies in recipient
and NB1-specific antibodies in donor blood. Br J Haematol
1996;93:707-13.

SCREENING FOR HLA ANTIBODIES IN DONORS

5. Reil A, Wesche J, Greinacher A, et al. Geno- and
phenotyping and immunogenicity of HNA 3. Transfusion
2011;51:18-24.
6. Sachs UJH, Wasel W, Bayat B, et al. Mechanism of
transfusion-related acute lung injury induced by HLA class
II antibodies. Blood 2011;117:669-77.
7. Reil A, Keller-Stanislawski B, Günay S, et al. Specificities of
leukocyte alloantibodies in transfusion-related acute lung
injury and results of leukocyte antibody screening of blood
donors. Vox Sang 2008;95:313-7.

16. Eder AF, Herron RM, Strupp A, et al. Effective reduction of
transfusion-related acute lung injury risk with male predominant plasma strategy in the American Red Cross
(2006-2008). Transfusion 2010;50:1732-42.
17. Chapman CE, Stainsby D, Jones H, et al. Ten years of
hemovigilance reports of transfusion related acute lung
injury in the United Kingdom and the impact of preferential use of male donor plasma. Transfusion 2009;49:
440-52.
18. Carrick DM, Johnson B, Kleinman SH, et al. Agreement

8. Toy P, Gajic O, Bacchetti P, et al. Transfusion-related acute

among HLA antibody detection assays is higher in ever-

lung injury: incidence and risk factors. Blood 2012;119:
1757-67.

pregnant donors and improved using a consensus cutoff.
Transfusion 2011;51:1105-16.

9. Gajic O, Rana R, Winters JL, et al. Transfusion-related acute

19. Powers A, Stowell CP, Dzik WH, et al. Testing only donors

lung injury in the critically ill. Am J Respir Crit Care Med

with a prior history of pregnancy or transfusion is a logical

2007;176:886-91.

and cost-effective transfusion-related acute lung injury

10. Kleinman SH, Triulzi DJ, Murphy EL, et al. The Leukocyte
Antibody Prevalence Study-II (LAPS-II): a retrospective
cohort study of transfusion-related acute lung injury in
recipients of high-plasma-volume human leukocyte
antigen antibody-positive or –negative components.

prevention strategy. Transfusion 2008;48:2549-58.
20. Triulzi DJ, Kleinman S, Kakaiya RM, et al. The effect of previous pregnancy and transfusion on HLA
alloimmunization in blood donors: implications for a
transfusion-related acute lung injury risk reduction strat-

Transfusion 2011;51:2078-91.
11. US Food and Drug Administration. Fatalities reported to

egy. Transfusion 2009;49:1825-35.
21. Kakaiya RM, Triulzi DJ, Wright DJ, et al. Prevalence of HLA

FDA following blood collection and transfusion, annual
summary for fiscal year 2010. Rockville (MD): Center for

antibodies in remotely transfused or alloexposed volunteer
blood donors. Transfusion 2010;50:1328-34.

Biologics Evaluation and Research, US Food and Drug
Administration; 2012.
12. Rana R, Fernandez-Perez ER, Khan SA, et al. Transfusionrelated acute lung injury and pulmonary edema in critically ill patients: a retrospective study. Transfusion 2006;
46:1478-83.
13. Serious Hazards of Transfusion Steering Committee.
Serious hazards of transfusion: annual report 2000-2001;
p. 94-101. Manchester (UK): SHOT Office; 2002. [cited 2014
May 8]. Available from: http://www.shotuk.org/wp

22. Middelburg RA, Porcelijn L, Lardy N, et al. Prevalence of
leukocyte antibodies in the Dutch donor population. Vox
Sang 2011;100:327-35.
23. Knight M, Callaghan WM, Berg C, et al. Trends in postpartum hemorrhage in high resource countries: a review and
recommendations from the International Postpartum
Hemorrhage Collaborative Group. BMC Pregnancy Childbirth 2009;9:55.
24. Balki M, Dhumne S, Kasodekar S, et al. Blood transfusion
for primary postpartum hemorrhage: a tertiary care hospi-

-content/uploads/2010/03/SHOT-Report-00-01.pdf.
14. Eder AF, Herron R, Strupp A, et al. Transfusion-related

tal review. J Obstet Gynaecol Can 2008;30:1002-7.
25. Jakobsson M, Gissler M, Tapper AM. Risk factors for blood

acute lung injury surveillance (2003-2005) and the potential impact of the selective use of plasma from male donors
in the American Red Cross. Transfusion 2007;47:599-607.
15. Bux J. Leucocyte antibody screening of donors for the prevention of TRALI. ISBT Sci Ser 2009;4:251-3.

transfusion at delivery in Finland. Acta Obstet Gynecol
Scand 2012;92:414-20.
26. Holm C, Langhoff-Roos J, Petersen KB, et al. Severe postpartum haemorrhage and mode of delivery: a retrospective
cohort study. BJOG 2012;119:596-604.

Volume **, ** **

TRANSFUSION

7

