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Abstract

Background—Transfusion-related characteristics have been hypothesized to cause allergic 

transfusion reactions (ATRs) but they have not been thoroughly studied. The primary objective of 

this study is to evaluate the associations of infusion rate, infusion volume, ABO mismatching, 

component age, and premedication with the incidence and severity of ATRs. A secondary 

objective is to compare the risk of these attributes relative to the previously reported risk factor for 

aeroallergen sensitization in transfusion recipients, as measured by an aeroallergen-specific IgE 

antibody screen.

Study Design and Methods—Clinical and transfusion-related data were collected on subjects 

with reported ATRs and uneventful (control) apheresis platelet transfusions over a combined 21 

month period at two academic medical centers. Control transfusions were selected as the next 

uneventful transfusion after an ATR was reported. Logistic regression, Mann-Whitney and t tests 

were used to assess associations with ATRs. Previously reported aeroallergen-specific IgE 

screening data was incorporated into a multivariable logistic regression.

Results—143 ATRs and 61 control transfusions were evaluated among 168 subjects, ages 2-86 

years. Infusion rate, infusion volume, ABO mismatching, component age, and premedication 

showed no statistically significant association with ATRs (P>0.05). Neither infusion rate nor 

infusion volume increased the risk of anaphylaxis vs. mucocutaneous only ATRs. Aeroallergen 

sensitization has previously been associated with ATRs. After controlling for transfusion-related 

covariates, aeroallergen sensitization remained statistically significantly associated with ATRs 

(OR 2.68, 95%CI: 1.26-5.69).

Conclusions—Transfusion and component-specific attributes are not associated with ATRs. An 

allergic predisposition in transfusion recipients is associated most strongly with ATR risk.
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INTRODUCTION

Allergic transfusion reactions (ATRs) are a common complication of blood transfusion, 

particularly platelet transfusion. Overall, the incidence of ATRs to platelet transfusions is 

1-4%1,2. The plasma fraction of platelet components appears to harbor the allergic stimulus 

for ATRs1,3,4. In unusual circumstances, recipient antibodies5-7 or passive transfusion of 

donor antibodies8-12 can cause ATRs. However, these risk factors do not explain most 

ATRs. A pervasive risk factor appears to be individuals with an allergic predisposition13, 

specifically aeroallergen sensitization14-17.

Component and transfusion-related factors may also influence the risk of ATRs, but they 

have not been thoroughly studied. Premedication18, transfusion rate, ABO compatibility19, 

component age20, and platelet source21 have been hypothesized to affect the risk of ATRs. 

These are modifiable risk factors, so understanding their role in ATRs is important for 

designing transfusion strategies that minimize the impact of ATRs.

MATERIALS AND METHODS

Study design

The study design, population, and methods have been described previously16. Briefly, 

patients with ATRs reported to the blood bank at Johns Hopkins Hospital (JHH) from July 

2011 to May 2012 and Brigham and Women’s Hospital/Dana Farber Cancer Institute 

(BWH/DFCI) from November 2012 to August 2013 were invited to enroll. Previously 

enrolled subjects who experienced subsequent ATRs during the study period were included 

as additional ATR cases. The study was IRB approved at both institutions and informed 

consent was obtained from all subjects. Control transfusions were selected as the patient 

receiving the next platelet component issued to a non-surgical location after an ATR was 

observed. The enrollment ratio of ATR:control subjects was targeted at 2:1. The study was 

designed to have 80% power to detect a 20% absolute difference in atopic disease 

prevalence between ATR subjects and controls. Medical histories were obtained by a 

research coordinator via structured patient (and family, as appropriate) questionnaires and 

chart reviews. Allergic histories and ATR manifestations have been reported previously16. 

Infusion rate, total volume transfused, ABO typing, platelet age, and premedication data 

were collected at the time of enrollment. Reaction severity was coded as mucocutaneous 

(i.e. skin and/or mucosal symptoms only) or anaphylaxis (i.e. mucocutaneous plus 

respiratory, cardiovascular, or gastrointestinal symptoms), according to consensus criteria22 

and review by an allergist. All platelet components were collected by apheresis. Plasma 

aeroallergen-specific IgE multiallergen screen analysis (Phadiatop, ThermoFisher Scientific/

Phadia, Kalamazoo, MI) has been reported previously16. A clinically positive test was 

defined as ≥ 0.35kUa/L.
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Statistics

Summary statistics are presented as mean ± SD or median (interquartile range, IQR) for 

continuous variables and as proportions for binary variables. Data were log transformed for 

statistical testing when transformation achieved normality, as assessed by the Shapiro-Wilk 

test. Unpaired, two-tailed t tests with unequal variance were used to compare continuous 

variables between groups for normally distributed values. Mann-Whitney U tests were used 

to compare continuous values for non-normally distributed variables. Comparisons of 

proportions between groups were performed with a two-tailed Fisher’s exact test. For 

logistic regression, a complete case analysis was used (n=158 observations: 45 controls 

(74%) included; 113 ATR cases (79%) included) with robust variance estimation. Statistical 

significance was defined as P<0.05 and a confidence interval that does not include 1, for 

odds ratio (OR) estimates. Analysis was conducted with Stata v13.1 (StataCorp, College 

Station, TX).

RESULTS

Platelet transfusions

During the study period, 143 ATRs and 61 control transfusions were evaluated among 168 

subjects, ages 2-86 years. Criteria for anaphylaxis were met in 26 ATRs (18.2%). Among all 

subjects, 59% were male (n=99). Six platelet components were concentrated, four of which 

caused ATRs. Two components were washed, both of which caused ATRs. In 41 

transfusions (28 ATRs and 13 control), two platelet components were transfused 

consecutively as a continuous infusion. In these instances, the second component was a split 

from the same donation in 24 transfusions. Of subjects with at least 1 ATR and 2 platelet 

transfusions before enrollment, 33% (34/103) had at least one additional ATR.

Transfusion rate and volume

The mean infusion rate of apheresis platelets was 6.3 ± 3.5 mL/min. Mean weight-

normalized infusion rates were 0.094 ± 0.074 mL/kg/min. Mean infusion rates were 40% 

higher at BWH/DFCI than JHH (0.11 vs. 0.081 mL/kg/min, respectively; P=0.005). Figure 

1A shows the infusion rates (mL/kg/min) in apheresis platelet transfusions that did or did 

not result in an ATR. Mean infusion rates were 8% slower in the ATR group than in the 

control group (0.092 vs 0.10 mL/kg/min, respectively; P=0.5). To evaluate whether infusion 

rate is related to severity of ATRs, we compared ATR infusion rates in mucocutaneous only 

reactions to anaphylaxis (Figure 1B). Mean infusion rates were 29% higher in anaphylactic 

vs. mucocutaneous only reactions, but the difference was not statistically significant (0.087 

vs. 0.11 mL/kg/min, P=0.3).

In addition to infusion rate, total infusion volume could plausibly be a risk factor for ATRs 

if the allergic stimulus is dose dependent. Subjects who received two consecutive platelet 

products represent a group who receive twice as much component volume as the rest of the 

cohort. However, a similar proportion of controls received double transfusions (13 of 61, 

21.3%) as those who experienced ATRs (28 of 143, 19.6%, P=0.8). We also evaluated the 

total transfusion volume on a mL/kg basis for all subjects. The total volume transfused was 

similar between ATR and control groups (mean 4.5 vs. 4.2 mL/kg, respectively; P=0.2). The 
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volume transfused was not statistically different between mucocutaneous only vs. 

anaphylactic ATRs (P=0.8).

ABO mismatched transfusion

ABO mismatch transfusion was assessed as major (cellular incompatibility), minor (plasma 

incompatibility), or any mismatch. Of all transfusions, 48% were ABO mismatched. Table 1 

shows the proportion of ATR and control transfusions that were mismatched. There were no 

statistically significant differences between ATR and control groups (Table 1).

Storage duration

The median age of platelets in the study was 5 days. Platelet storage age was not statistically 

different between transfusions that did or did not result in an ATR (P=1). There was no 

difference in the proportion of younger platelets between the ATR and control groups. 

Platelet components causing ATRs were 2 or 3 days old in 14.3% of units, compared to 

9.8% of control units (P=0.5).

Premedication

We assessed the frequency of diphenhydramine, H2 receptor antagonist, and glucocorticoid 

premedication prior to transfusion (Table 2). In some cases, patients received these drugs for 

underlying medical conditions, and medication administration coincidentally preceded 

transfusion. Thus, diphenhydramine dosing within six hours prior to transfusion and H2 

receptor antagonist or glucocorticoid dosing within 24 hours prior to transfusion was 

considered a premedication. There were no statistically significant differences in 

premedication frequency, although patients with ATRs tended to receive diphenhydramine 

premedication more often. Two percent of subjects (4 of 204) received an H1 receptor 

antagonist other than diphenhydramine in the 24 hours preceding transfusion (2 control: 

loratadine, hydroxyzine; 2 ATR: both loratadine).

Logistic model of ATR risk

In univariable logistic regression, the following covariates were analyzed: infusion rate (mL/

min), any ABO mismatch, component age, diphenhydramine premedication, and 

glucocorticoid premedication. None of these variables was statistically significantly 

associated with ATRs (P>0.05 for all analyses, Table 3). Similar results were seen in 

multivariable analysis. Addition of an interaction term to measure the effect of combined 

diphenhydramine and glucocorticoid premedication was not statistically significant in 

multivariable analysis, which included all covariates (P=0.6).

A previous report from this cohort identified that concentrations of aeroallergen-specific IgE 

(Phadiatop) are directly related to the frequency of ATRs16. Phadiatop screen results were 

available on 86% of subjects. Of subjects with at least one ATR to apheresis platelets, 

55.9% (62/111) had a positive Phadiatop screen. Of subjects without an ATR, 28.6% (10/35) 

had a positive Phadiatop screen. Among subjects with recurrent ATRs (n=34), 28 had 

Phadiatop screen results. The Phadiatop screen was positive in 78.6% (22/28) of subjects 

with recurrent ATRs. In univariable analysis of the current study, a positive aeroallergen-

specific IgE screen was associated with the risk of an ATR (Table 3, P=0.007). Having a 
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positive aeroallergen-specific IgE screen remained statistically significantly associated with 

ATRs when controlling for all of the component and transfusion-related variables (Table 3, 

P=0.01).

DISCUSSION

The goal of this study is to determine the extent to which variability in component and 

transfusion-specific attributes are associated with ATRs. We do not find evidence of an 

association of any component or transfusion-specific factor with ATRs.

It would seem biologically plausible that slowing the rate of infusion of an offending agent 

would reduce the adverse reaction rate. This is commonly observed in medication 

administration23 and drug desensitization protocols24 but was not observed in this study. 

Similarly, antihistamines mitigate symptoms of type I hypersensitivity reactions25, so it 

would seem plausible that they could prevent ATRs. Unfortunately, several RCTs and 

cohort studies have indicated that antihistamine premedication does not prevent 

ATRs18,26-29. Thus, available evidence does not support routinely slowing infusion rates or 

providing antihistamine premedication for the prevention of ATRs. It has not been 

established whether certain subsets of patients, e.g. those with an atopic predisposition, may 

benefit from premedication or whether combination therapy with different anti-allergy 

medications can prevent ATRs.

Aeroallergen sensitization is a risk factor for ATRs. Aeroallergen-specific antibodies may be 

directly involved in the mechanism of ATRs, e.g. cross reactivity with human proteins, or 

these antibodies may be a surrogate for another type of allergic predisposition. Azuma and 

colleagues demonstrated that sera from people who experienced ATRs caused more 

spontaneous histamine release from mast cells than controls, as measured by calcium 

influx13. Thus, mast cells may be more primed to react in sensitized subjects.

There are limitations to our study. As all platelet components in the study were apheresis 

derived, a comparison between single donor and pooled, whole blood derived platelets was 

not possible. However, data from an RCT with prospective evaluation for transfusion 

reactions showed no difference in allergic transfusion reaction rates between pooled and 

single donor platelet components1. As this study was observational, we did not control 

component selection, premedication, or infusion rates. Infusion rates may have varied 

systematically across providers and care units with different ATR reporting patterns, thereby 

introducing bias into our results. In addition, many patients who are likely more prone to 

allergic transfusion reactions were the ones who likely received pre-medications. We did not 

collect data on providers or care units, so it remains possible that imbalances in infusion 

rates are due to selection bias from particular care areas. Nevertheless, the vast majority of 

ATRs occurred among patients with hematologic malignancy and those undergoing 

hematopoietic stem cell transplantation who are cared for in a select few care units, where 

nursing practices tend to be consistent. Generalizability of these observations is increased 

because data were collected from two separate hospital systems. Controlled clinical trials 

would be necessary to address the causality of each of the transfusion-specific factors 

addressed in this study.
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In summary, we do not find evidence that variability in platelet component and transfusion-

specific characteristics are associated with ATRs. Mechanistic studies on the nature of 

transfusion recipient allergic sensitization and the necessary plasma factors that combine to 

generate ATRs are required to understand how to best prevent these reactions from 

occurring.

Acknowledgments

We are thankful for the efforts and collegiality of Katherine Condon, Rosemary Case, Alice Fuller, Erica Arnold, 
Gabriel Verzino, and the technologists and supervisors at Johns Hopkins and Brigham and Women’s Hospital blood 
banks and immunology labs. We are especially appreciative of the time and efforts of patients and their families 
who participated in this study.

Support:

National Institutes of Health (R21HL107828 and 1K23AI093152-01A1), American Society of Hematology Scholar 
Award, and Doris Duke Charitable Foundation Clinician Scientist Development Award (#22006.02). The content is 
solely the responsibility of the authors and does not necessarily represent the official views of the National 
Institutes of Health.

References

1. Heddle NM, Blajchman MA, Meyer RM, et al. A randomized controlled trial comparing the 
frequency of acute reactions to plasma-removed platelets and prestorage WBC-reduced platelets. 
Transfusion. 2002; 42(5):556–566. [PubMed: 12084163] 

2. Savage WJ, Tobian AA, Fuller AK, Wood RA, King KE, Ness PM. Allergic transfusion reactions to 
platelets are associated more with recipient and donor factors than with product attributes. 
Transfusion. 2011; 51(8):1716–1722. [PubMed: 21214586] 

3. Tobian AA, Savage WJ, Tisch DJ, Thoman S, King KE, Ness PM. Prevention of allergic transfusion 
reactions to platelets and red blood cells through plasma reduction. Transfusion. 2011; 51(8):1676–
1683. [PubMed: 21214585] 

4. Tobian AA, Fuller AK, Uglik K, et al. The impact of platelet additive solution apheresis platelets on 
allergic transfusion reactions and corrected count increment. Transfusion. 2013

5. Vyas GN, Perkins HA, Fudenberg HH. Anaphylactoid transfusion reactions associated with anti-
IgA. Lancet. 1968; 2(7563):312–315. [PubMed: 4173734] 

6. Shimada E, Tadokoro K, Watanabe Y, et al. Anaphylactic transfusion reactions in haptoglobin-
deficient patients with IgE and IgG haptoglobin antibodies. Transfusion. 2002; 42(6):766–773. 
[PubMed: 12147031] 

7. Lambin P, Le Pennec PY, Hauptmann G, Desaint O, Habibi B, Salmon C. Adverse transfusion 
reactions associated with a precipitating anti-C4 antibody of anti-Rodgers specificity. Vox 
sanguinis. 1984; 47(3):242–249. [PubMed: 6464422] 

8. Morishita K, Wakamoto S, Miyazaki T, et al. Life-threatening adverse reaction followed by 
thrombocytopenia after passive transfusion of fresh frozen plasma containing anti-CD36 (Nak) 
isoantibody. Transfusion. 2005; 45(5):803–806. [PubMed: 15847672] 

9. Arnold DM, Blajchman MA, Ditomasso J, Kulczycki M, Keith PK. Passive transfer of peanut 
hypersensitivity by fresh frozen plasma. Arch Intern Med. 2007; 167(8):853–854. [PubMed: 
17452551] 

10. Abe T, Matsumoto C, Shimada E, et al. Immunoglobulin E oligomers identified in blood 
components activate mast cells: relevance to anaphylactic transfusion reaction. Transfusion. 2011; 
51(11):2327–2336. [PubMed: 21470237] 

11. Poisson JL, Riedo FX, Aubuchon JP. Acquired peanut hypersensitivity after transfusion. 
Transfusion. 2014; 54(1):256–257. [PubMed: 24405309] 

12. Branch DR, Gifford H. Allergic reaction to transfused cephalothin antibody. JAMA : the journal of 
the American Medical Association. 1979; 241(5):495–496.

Savage et al. Page 6

Transfusion. Author manuscript; available in PMC 2016 February 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



13. Azuma H, Yamaguchi M, Takahashi D, et al. Elevated Ca(2+) influx-inducing activity toward 
mast cells in pretransfusion sera from patients who developed transfusion-related adverse 
reactions. Transfusion. 2009

14. Wilhelm D, Kluter H, Klouche M, Kirchner H. Impact of allergy screening for blood donors: 
relationship to nonhemolytic transfusion reactions. Vox Sang. 1995; 69(3):217–221. [PubMed: 
8578734] 

15. Savage WJ, Tobian AA, Savage JH, Hamilton RG, Ness PM. Atopic predisposition of recipients in 
allergic transfusion reactions to apheresis platelets. Transfusion. 2011; 51(11):2337–2342. 
[PubMed: 21569041] 

16. Savage WJ, Hamilton RG, Tobian AA, et al. Defining risk factors and presentations of allergic 
reactions to platelet transfusion. J Allergy Clin Immunol. 2014

17. Savage WJ, Tobian AA, Savage JH, Wood RA, Schroeder JT, Ness PM. Scratching the surface of 
allergic transfusion reactions. Transfusion. 2012

18. Tobian AA, King KE, Ness PM. Transfusion premedications: a growing practice not based on 
evidence. Transfusion. 2007; 47(6):1089–1096. [PubMed: 17524101] 

19. Henrichs KF, Howk N, Masel DS, et al. Providing ABO-identical platelets and cryoprecipitate to 
(almost) all patients: approach, logistics, and associated decreases in transfusion reaction and red 
blood cell alloimmunization incidence. Transfusion. 2011

20. Sarkodee-Adoo CB, Kendall JM, Sridhara R, Lee EJ, Schiffer CA. The relationship between the 
duration of platelet storage and the development of transfusion reactions. Transfusion. 1998; 
38(3):229–235. [PubMed: 9563401] 

21. Xiao W, Tormey CA, Capetillo A, Maitta RW. Allergic transfusion reactions to platelets are more 
commonly associated with prepooled than apheresis components. Vox Sang. 2013; 105(4):334–
340. [PubMed: 23802769] 

22. Sampson HA, Munoz-Furlong A, Campbell RL, et al. Second symposium on the definition and 
management of anaphylaxis: summary report--Second National Institute of Allergy and Infectious 
Disease/Food Allergy and Anaphylaxis Network symposium. The Journal of allergy and clinical 
immunology. 2006; 117(2):391–397. [PubMed: 16461139] 

23. Stiehm ER. Adverse effects of human immunoglobulin therapy. Transfus Med Rev. 2013; 27(3):
171–178. [PubMed: 23835249] 

24. Hong DI, Dioun AF. Indications, protocols, and outcomes of drug desensitizations for 
chemotherapy and monoclonal antibodies in adults and children. J Allergy Clin Immunol Pract. 
2014; 2(1):13–19. quiz 20. [PubMed: 24565764] 

25. Simons FE, Simons KJ. Histamine and H1-antihistamines: celebrating a century of progress. J 
Allergy Clin Immunol. 2011; 128(6):1139–1150 e1134. [PubMed: 22035879] 

26. Marti-Carvajal AJ, Sola I, Gonzalez LE, Leon de Gonzalez G, Rodriguez-Malagon N. 
Pharmacological interventions for the prevention of allergic and febrile non-haemolytic 
transfusion reactions. Cochrane database of systematic reviews. 2010(6) CD007539. 

27. Kennedy LD, Case LD, Hurd DD, Cruz JM, Pomper GJ. A prospective, randomized, double-blind 
controlled trial of acetaminophen and diphenhydramine pretransfusion medication versus placebo 
for the prevention of transfusion reactions. Transfusion. 2008; 48(11):2285–2291. [PubMed: 
18673350] 

28. Wang SE, Lara PN Jr, Lee-Ow A, et al. Acetaminophen and diphenhydramine as premedication for 
platelet transfusions: a prospective randomized double-blind placebo-controlled trial. Am J 
Hematol. 2002; 70(3):191–194. [PubMed: 12111764] 

29. Sanders RP, Maddirala SD, Geiger TL, et al. Premedication with acetaminophen or 
diphenhydramine for transfusion with leucoreduced blood products in children. Br J Haematol. 
2005; 130(5):781–787. [PubMed: 16115137] 

Savage et al. Page 7

Transfusion. Author manuscript; available in PMC 2016 February 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Savage et al. Page 8

Transfusion. Author manuscript; available in PMC 2016 February 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Figure 1. Infusion rates of apheresis platelets and their association with incidence and severity of 
ATRs
A. Infusion rates (mL/kg/min) in uneventful transfusions (n=51) and ATRs (n=124). B. 

Infusion rates in ATRs that were mucocutaneous only (n=98) vs. ATRs that involved two or 

more systems (anaphylaxis, n=26).
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Table 1

ABO mismatch in ATR and control transfusions

ABO Mismatch No ATR (n=61) ATR (n=143) P

Minor 11 (18%) 17 (11.9%) 0.3

Major 25 (41%) 56 (39.2%) 0.9

Any 32 (52.5%) 66 (46.2%) 0.4
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Table 2

Documented pre-transfusion medication*

Medication Control ATR P

Diphenhydramine 17 (27.9%) 60 (42.3%) 0.06

H2 receptor antagonist† 10 (16.4%) 33 (23.4%) 0.3

Glucocorticoids† 11 (18%) 16 (11.3%) 0.3

*
<1%missing data

†
In the 24h prior to transfusion
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Table 3

Logistic regression estimates of ATR risk (n=158)

Univariable Multivariable

Covariate OR 95% CI OR 95% CI

Infusion rate (cc/min) 0.91 0.81-1.01 0.9 0.81-1.01

Component age (days) 0.89 0.58-1.35 0.74 0.47-1.18

Any ABO mismatch 0.69 0.35-1.39 0.69 0.33-1.44

Diphenhydramine premedication 1.28 0.62-2.64 1.23 0.54-2.78

Glucocorticoid premedication 0.45 0.16-1.23 0.42 0.15-1.2

Positive aeroallergen-specific IgE screen 2.68 1.31-5.49 2.67 1.26-5.69
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