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Abstract: Blood transfusion is life-saving in massive hemorrhage. Before pre-transfusion tests with ABO and RhD typing results are 
available, O RhD negative packed red blood cell (PRBC) units are used without cross-matching in emergency. RhD negative girls and 
women of child-bearing age should always receive RhD negative blood transfusions to prevent RhD-alloimmunization because anti- 
D-related hemolytic disease of fetus and newborn (HDFN) can result in mild to severe anemia, and in a worst-case scenario death of an 
RhD positive fetus and/or newborn. However, “wrong blood to wrong patient” happens unintentionally. Here we report an emergency 
blood transfusion with one unit of RhD positive PRBCs to an RhD negative young woman when estimated blood loss was 2500 mL 
during delivery and surgical removal of retained placenta. Realizing the mistake, management with high dose anti-D immunoglobulin 
(Ig) was initiated to remove the RhD positive red blood cells (RBCs) from the patient’s circulation. Such mitigation is recommended 
only for girls and women of child-bearing age. Follow-up was performed by flow cytometry until RhD positive RBCs were no longer 
detected. Ten months after the delivery, antibody screening was negative. However, we still do not know whether we managed to 
prevent RhD-alloimmunization. 
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Introduction
Alloimmunization to red blood cell (RBC) antigens occurs mostly due to antigen-positive blood transfusion to antigen- 
negative individuals or pregnancy with an antigen-positive fetus when the pregnant woman herself is antigen-negative. 
Less frequently, transplantation of allogeneic hematopoietic stem cells and solid organ can induce alloimmunization. 
RH1 (D antigen = RhD) is the most immunogenic blood group antigen. While almost 30% of the patients make anti-D 
following transfusion of one unit of packed red blood cells (PRBC),1 D-alloimmunization occurs in 17% of all RhD 
negative women after two pregnancies with RhD positive babies unless no postnatal anti-D immunoglobulin (Ig) 
was given.2 Anti-D can cause moderate to severe hemolytic disease of fetus and newborn (HDFN) and is the most 
common antibody in pregnancy despite several measures to prevent immunization. Untreated severe anemia in HDFN 
may, in a worst-case scenario, lead to fetal death. In Norway, as in many other countries, ABO and RhD match is 
a prerequisite in blood transfusion. Additionally, K negative blood is given to K negative girls and women of child-
bearing age. However, unintentional RhD positive blood transfusion to RhD negative girls and women of childbearing 
age happens and mitigation to prevent D-alloimmunization is recommended when the mistake is realized in time.

We present a case and the management of an RhD negative woman who inadvertently received one unit of RhD 
positive PRBC.

Case Presentation
A 29-year-old blood group A RhD negative female with G2P1 and negative antibody screen received routine antenatal 
anti-D Ig at gestational week (GW) 28 when fetal RHD genotyping predicted an RhD positive fetus. Following vaginal 
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delivery at GW40+4 her retained placenta required surgical removal. Estimated blood loss was 700 mL before and 
1800 mL during the procedure. She received emergency transfusions with two units of blood group O PRBCs and two 
units of fresh-frozen plasma (Octaplasma®, Octapharma AG, Lachen, Switzerland). Antibody screening was not 
performed. As the newborn was RhD positive, the mother was given a standard dose of 1500 IU of anti-D Ig 
approximately 36 hours post-partum. Almost 24 hours after the transfusions, the local blood bank realized that one of 
the PRBC units transfused during the surgery was RhD positive, ie, the woman had received 250 mL of RhD positive 
mismatched PRBC. Aiming to avoid D-alloimmunization, therapeutic administration of anti-D Ig was initiated 66 hours 
after birth. Under close monitoring, 10 doses of anti-D Ig, ie, 15,000 IU in total, over a period of 44 hours were given 
intravenously. The dose was calculated based on the recommendations from World Health Organization and the 
manufacturer that 100 IU anti-D Ig neutralizes 1 mL PRBCs: 250 mL PRBCs × 100 IU = 25,000 IU.5 However, the 
manufacturer suggests a maximum dose of 15,000 IU due to possible risk of hemolysis. We therefore reduced the dose 
accordingly. The treatment was uncomplicated with adequate urine production and no sign of kidney impairment. She 
had a slight increase in reticulocyte count from 66 to 102 × 109/L (range: 30–95 × 109/L). Except for a mild increase in 
lactate dehydrogenase to a maximum of 321 U/L (reference range: 105–205 U/L) five hours after the last dose of anti-D 
Ig, other biochemical parameters of hemolysis (hemoglobin, haptoglobin, bilirubin), in addition to creatinine and 
electrolytes were normal. Hemoglobin was stable around 10 g/dL (range: 11.3–15.3 g/dL) during the whole period.

Flow cytometry was utilized to monitor the amount of RhD positive RBCs in the woman’s blood circulation 
(Figure 1A–D). Blood samples in EDTA tubes were collected once per day four consecutive days from the start of 
therapeutic administration of high dose anti-D Ig and analyzed the day after they were collected. Flow cytometric 
follow-up was finalized when no RhD positive RBCs were detected 4 days after initiation of anti-D Ig. The 
patient was discharged from the hospital in a good condition. Antibody screens after 26 and 41 weeks were 
negative using the standard indirect antiglobulin technique (IAT) at 37°C, but the first sample was weakly positive 
by enzyme technique showing an anti-D pattern. In the latter sample, screening was negative also by enzyme 
technique.

Materials and Methods
Flow Cytometric Analyses
RBCs were washed twice in phosphate-buffered saline (PBS, Product Code P4417, Sigma, USA). Two and a half µL of 
FITC-conjugated monoclonal anti-D antibody (Clone BRAD 3, Product Code 9433FI, Human IgG3, IBGRL, UK) were 
added to approximately 5,000,000 RBCs and incubated for 30 minutes at 37°C in the dark. Finally, RBCs were 
resuspended in 1 mL of PBS and analyzed with flow cytometer (Navios EX, Beckman Coulter, USA) using the sheath 
fluid recommended by the manufacturer. Fifty thousand events were collected, and log fluorescence data were shown on 
forward scatter versus side scatter dot plot. The analysis gate was set to include the viable RBC population (typically at 
least 99% of all cells) based on the forward light scatter properties of the RBCs that correspond to cell size, excluding 
aggregated cells. Control RBCs of a random RhD negative donor and unlabeled RBCs from the patient were included in 
each run. The signal from the FITC-conjugated antibody was detected. Results are shown in Figure 1.

Discussion
An RhD negative woman received transfusion of one unit of RhD positive PRBCs accidentally. Realizing the mistake, 
management with anti-D Ig in therapeutic doses to avoid D-alloimmunization was initiated after the woman’s clinical 
condition, including kidney function, was evaluated by the clinician and it was concluded that she could tolerate high 
dose anti-D Ig and probable adverse effects of hemolysis of the RhD positive RBCs. It is recommended that mitigation 
with anti-D Ig should be initiated within 72 hours after D-mismatched transfusion.3,6 We started after 66 hours, which is 
within this limit. The impact of the high dose anti-D Ig, measured by quantitation of residual D positive RBCs, was 
performed by flow cytometry that is a fast and objective method recommended by British Society for Haematology.3

Mismatched RhD positive blood transfusion to an RhD negative patient who already has alloimmune anti-D will 
primarily lead to extravascular hemolysis of the transfused RhD positive RBCs as anti-D is mainly IgG subclass, while 
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some also have IgM subclass. Administration of high dose anti-D Ig to remove inadvertently transfused RhD positive 
blood from the circulation also causes extravascular hemolysis. However, kidney failure, although rare, indicating 
intravascular hemolysis has previously been reported.4 Therefore, we chose close monitoring of our patient, also 
regarding intravascular hemolysis, and found only mild findings of extravascular hemolysis.

One unit of PRBCs is approximately 250 mL. There is almost consensus about the adequate dose of anti-D Ig necessary 
to mitigate RhD-mismatched transfusions. While Ayache et al advocate 20 μg/mL D positive RBCs (or 20 μg/2 mL of 
whole blood) corresponding to 100 IU per mL D positive RBCs,3 World Health Organization, as well as the manufacturer 
recommendation to hemolyze one mL PRBC is 100–125 IU anti-D Ig5 (Rhophylac «CSL Behring» -Felleskatalogen and 
Rhophylac 300 micrograms / 2 mL, solution for injection in pre-filled syringe - Summary of Product Characteristics 
(SmPC) - (emc) (medicines.org.uk)),6 Our patient received 15,000 IU, which is the maximum recommended dose.

Antibody screening is not performed routinely at admission to the hospital in connection with delivery unless there is 
risk of bleeding; our patient was not screened accordingly. We interpreted the weak anti-D pattern shown by enzyme 
technique 26 weeks after delivery as the remnants of prophylaxis that then faded in the next sample after 41 weeks. 

Figure 1 Fluorescence histograms of the patient’s red blood cells (RBCs) which were incubated with FITC-conjugated monoclonal anti-D. Blood samples were collected 
once per day over four consecutive days and analyzed the day after they were collected. The first dose of anti-D Ig was administered approximately 66 hours after the 
transfusion of RhD positive PRBC unit. The following 9 doses were given intravenously at 68, 71, 76, 84, 88, 92, 98, 105 and 110 hours over a period of 44 hours. (A) The 
first blood sample before administration of the first dose of therapeutic high dose anti-D immunoglobulin showed 6.7% RhD positive RBCs inadvertently transfused. (B) 
The second sample showed 4.6% RhD positive RBCs. (C) The third sample showed 1.0% RhD positive RBCs. (D) The fourth sample showed 0% RhD positive RBCs.
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Enzyme technique is a more sensitive method, but antibodies detected by this technique are generally clinically 
insignificant.7 Despite negative antibody screen of the latter sample, we cannot exclude that primary anti-D immunization 
may have occurred. Antibody under the detectable level by the standard IAT can be boosted (secondary immune 
response) by fetomaternal hemorrhage and become detectable in a subsequent pregnancy with an RhD positive fetus. 
Thus, we still do not know if we succeeded in preventing anti-D development, as antibody screening early in 
a subsequent pregnancy with an RhD positive fetus will reveal the ultimate outcome. In a subsequent pregnancy, she 
will then be offered the routine follow-up as for all RhD negative pregnant women.8

When more than one unit of mismatched RhD positive blood is transfused, red cell exchange transfusion (RCEX) 
may efficiently reduce the amount of RhD positive RBCs.3,9,10 Consequently, the anti-D Ig dose to remove RhD positive 
blood from the patient’s blood circulation will be lower. Howbeit, whether RCEX, being an invasive procedure with 
probable adverse effects, is necessary when one unit or less is transfused is debatable.

Anti-D production was induced in 93% of RhD negative male volunteers by a single unit of 200 mL RhD 
positive frozen/thawed RBCs followed by 0.5–1.0 mL six monthly booster doses (n = 28).11 Pollack et al reported 
81.8% D-alloimmunization when they transfused healthy volunteers (n = 43) with 500 mL RhD positive whole 
blood.12 However, alloimmunization frequency is dramatically different between healthy individuals and 
patients.13–17 Development of anti-D is reported to be 5% at the lowest (1 of 18 patients)18 but also as high as 
50%19 in patients who received RhD positive blood transfusion. The reason for this discrepancy is unknown, but 
differences in immune responses between healthy individuals and patients, as well as mainly younger age of the 
volunteers compared to immunocompromised patients either due to disease, treatment, or trauma (trauma-induced 
immunosuppression), together with sample size differences and the length of observation time may have implica-
tions for the immunization rates. Studies on healthy individuals are usually prospective with few/no dropouts, 
while a significant amount of follow-up antibody screens may be missing due to mainly retrospective design of 
patient studies. Antibody evanescence may also play a role causing falsely lower alloimmunization rates if 
a systematic follow-up after RhD positive blood transfusion cannot be carried out.20 Seheult et al, by using 
a prediction model, simulated the overall risk of HDFN in future pregnancies of RhD negative women of child- 
bearing age following transfusion with RhD positive RBCs in trauma setting. The authors found that the predicted 
risk of HDFN was 3.4% if the woman was 18-years old at the time of the transfusion, while the risk was predicted 
to be approximately 0% at age 43 or older.21 On the other hand, even though pregnancy-induced anti-D 
immunization is studied thoroughly, to our knowledge, there are no studies on anti-D immunization due to 
perinatal mismatched blood transfusion.

In Norway, the frequency of RhD negativity is 15% and approximately 6% of the population is O RhD 
negative.22 Despite being a very limited source, O RhD negative PRBCs are used not only for O RhD negative 
patients but also in emergency until a patient’s blood group is determined.23,24 RhD positive PRBCs, on the other 
hand, can be transfused to RhD negative women older than 50 years and to men, especially when the stock of 
RhD negative units is critically low.9,13,23,24 Some blood banks only allocate O RhD negative PRBCs for 
emergency use, while others have both O RhD negative and O RhD positive, aiming to transfuse O RhD positive 
units to females older than 50 years and male patients.9,13 Alloimmunization of these patients is a calculated risk 
with a sole consequence in transfusion setting, ie, patients with anti-D can only receive RhD negative PRBCs in 
future transfusions. This strategy does not jeopardize RhD positive fetuses and newborns due to hemolytic 
disease, as RhD negative women of childbearing age always receive transfusion with RhD-matched PRBCs. 
However, allocation of RhD positive units in emergency use may cause unintentional transfusion of RhD positive 
units to RhD negative women of childbearing age due to clerical errors, which was the case in this report, when 
RhD positive PRBCs were issued to a young RhD negative woman in labor. Before this incident, RhD positive 
and RhD negative PRBCs were kept in the same refrigerator, yet in different boxes. We now have two separate 
blood bank refrigerators with more clearly printed labels for each blood group.
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Conclusion
High dose anti-D Ig (15,000 IU) to prevent RhD alloimmunization in a woman who received an RhD incompatible blood 
transfusion unintentionally was tolerated well, without any serious complications. Although anti-D was not detected after 
10 months following the incompatible transfusion, its formation cannot be entirely excluded.
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