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AUTOIMMUNE HEMOLYTIC ANEMIAS

     Evaluating patients with auto im mune hemo lytic 
ane mia in the trans fu sion ser vice and 
immu no he ma tol ogy ref er ence lab o ra tory: 
pretransfusion test ing chal lenges and best 
trans fu sion - man age ment strat e gies 
     Susan T.   Johnson  and  Kathleen E.   Puca  
 Clinical Education and Diagnostic Laboratories Immunohematology Reference Laboratory, Versiti Blood Center of Wisconsin, Milwaukee, WI 

   The sero logic eval u a tion of auto im mune hemo lytic ane mia (AIHA) con fi rms the clin i cal diag no sis, helps dis tin guish the 
type of AIHA, and identifi es whether any under ly ing alloantibodies are pres ent that might com pli cate the selec tion of 
the saf est blood for any needed trans fu sion. The spec trum of test ing is gen er ally depen dent on the amount and class 
(immu no glob u lin G or M) of auto an ti body as well as the resources and meth od ol o gies where test ing is performed. The 
approach may range from rou tine pretransfusion test ing, includ ing the direct anti glob u lin test, to advanced tech niques 
such as adsorp tions, elu tion, and red cell genotyping. When trans fu sion is needed, the selec tion of the opti mal unit of 
red blood cells is based on urgency and whether time allows for the com ple tion of sophis ti cated sero logic and molec u lar 
test ing meth ods. From the start of when AIHA is suspected until the com ple tion of test ing, com mu ni ca tion among the 
clin i cal team and med i cal lab o ra tory sci en tists in the trans fu sion ser vice and immu no he ma tol ogy ref er ence lab o ra tory 
is crit i cal as test ing can take sev eral hours and the need for trans fu sion may be urgent. The fre quent exchange of infor-
ma tion includ ing the patient ’ s trans fu sion his tory and clin i cal sta tus, the prog ress of test ing, and any avail  able results 
is invalu able for timely diag no sis, ongo ing man age ment of the patient, and the safety of trans fu sion if required before 
test ing is com plete.  

   LEARNING OBJEC TIVES 
    •  Describe the dif fi  cul ties in deter min ing ABO group / RhD type and in iden ti fy ing alloantibodies in patients with 

autoantibodies 
   •  Discuss strat e gies for the selec tion of blood for safe trans fu sion, keep ing in mind patient his tory and com pleted 

lab o ra tory test ing 
   •  Explain the impor tance of com mu ni ca tion among cli ni cians and lab o ra tory pro fes sion als in the approach to 

 trans fu sion  

  Introduction 
 Autoimmune hemo lytic ane mia (AIHA) is sero log i cally 
defi ned as warm or cold based on the class of immu no-
glob u lin (Ig), either IgG or IgM, caus ing hemo ly sis. Warm 
autoantibodies are IgG and pri mar ily detected in vitro 
at 37  ° C and in the indi rect anti glob u lin test (IAT), while 
cold autoantibodies (CAAs) are IgM and bind pref er en tially 
to red blood cells (RBCs) at colder tem per a tures in clin i-
cal test ing ( Table 1 ). Despite these sim pli fi ed defi   ni tions, 
the sero logic eval u a tion of patients presenting with these 
strong autoantibodies is a chal lenge for any lab o ra tory. The 

extent of test ing capabilities varies among hos pi tal trans fu-
sion ser vices and immu no he ma tol ogy ref er ence lab o ra to-
ries (IRLs). An over view of the var i ous tests employed and 
a ref er ence for the clin i cal cases are pro vided in  Table 2 . 

 CLINICAL CASE 1 
  A 35 - year - old woman with a vague his tory of idi o-
pathic throm bo cy to pe nia presented to the emer gency 
 depart ment with a com plaint of fatigue, malaise, head-
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ache, and cough. Vital signs are tem per a ture, 37.8 °C; blood 
pres sure, 114/55  mmHg; heart rate, 98/min; respi ra tory rate, 
20; and oxy gen sat u ra tion, 100% on room air. Initial lab o ra tory 
stud ies show a pos i tive COVID test, a white blood cell count of 
10 100/µL (4200-11 000), a hemo glo bin (Hgb) level of 4.4  g/dL 
(12.0-15.5), and a plate let count of 6000/µL (140 000-450 000). 
Type and screen is ordered to pre pare 2 units of RBCs and 1 
unit of apher e sis plate lets for trans fu sion. The patient’s blood 
type is O-pos i tive, but rou tine anti body screen ing by a col umn 
agglu ti na tion test is strongly pos i tive (4+) with all  cells, includ-
ing the patient’s own cells. The direct anti glob u lin test (DAT) is 
strongly pos i tive (4+) with polyspecific reagent. Monospecific 
test ing with anti-IgG and anti-C3d is not avail  able at this lab o-
ra tory. With fur ther test ing, the patient sam ple is strongly pos-
i tive (3+) with all  panel cells at saline IAT.

The clin i cal team is noti fied of the results and the need to 
send out patient sam ples to the IRL for fur ther test ing, with an 
antic i pated delay of at least 6 to 8 hours. Subsequent labs show 
retic u lo cytes, 24.4%; abso lute retic u lo cyte count, 278 000/µL  
(10 000-120 000); lac tate dehy dro ge nase, 692  U/L (82-240); total 
bil i ru bin, 1.5  mg/dL (0.2-1.0); hap to glo bin less than 8  mg/dL (30-
200); and microspherocytes on periph eral smear, sug ges tive of a 
diag no sis of warm AIHA (WAIHA). Communication between the 
lab o ra tory staff and clin i cal team reveals the patient is clin i cally 
sta ble, has a his tory of one missed abor tion, and no prior trans-
fu sions. The safety of releas ing RBC units before com ple tion of 
test ing and the low risk of any reac tions were discussed with 
pro vid ers.

Pretransfusion test ing in patients with WAIHA
For any RBC trans fu sion, ini tial rou tine tests include an ABO 
group, an RhD type, and an anti body detec tion test (also known 
as an anti body screen). The pri mary pur pose of anti body detec-
tion test ing is to detect and iden tify an anti body that could 
poten tially react with trans fused RBCs and cause hemo ly sis. 
Antibody detec tion involves the IAT to iden tify whether clin i cally 
sig nifi  cant alloantibodies or autoantibodies are pres ent. For 90% 
or more of pretransfusion sam ples, the results are neg a tive and 
inter pre ta tion, straight for ward.1

The pres ence of an anti body that is broadly reac tive, dem-
on strat ing sim i lar agglu ti na tion with all  reagent RBCs includ ing 
the patient’s own RBCs, is clas si fied as an auto an ti body. A salient 
point in the inter pre ta tion of autoantibodies is their cor re la tion 
with clin i cal and other lab o ra tory find ings. An inde pen dent 

assess ment of the pres ence or absence of hemo lytic ane mia is 
essen tial. “Benign” autoantibodies are fairly com mon in sero-
logic work ups but gen er ally not asso ci ated with strong pos i tive 
DAT or hemo ly sis.2

The case dem on strates one of the more perplexing prob lems 
for med i cal lab o ra tory sci en tists (MLS) work ing in the hos pi tal 
lab o ra tory—distinguishing whether an under ly ing allo an ti body 
is pres ent in a sam ple containing a strong warm auto an ti body 
(WAA). As seen in Table 3, all  RBCs strongly agglu ti nate in the 
pres ence of a WAA at the IAT, eas ily masking the detec tion of an 
under ly ing allo an ti body. The prev a lence of RBC alloantibodies 
is higher in patients with WAIHA, rang ing from 12% to 54% with 
a mean of 38% (Table 4). For this rea son, fur ther stud ies to eval-
u ate for the pres ence of a clin i cally sig nifi  cant allo an ti body are 
nec es sary for the selec tion of blood. Initially, a method that does 
not enhance anti body bind ing (known as the no-enhance ment  
method or saline IAT) is under taken. This step may omit or 
weaken the reac tiv ity of a low-titer auto an ti body and allow 
detec tion of any under ly ing alloantibodies.15

Direct anti glob u lin test
The pres ence of an auto an ti body in the plasma is the result of 
all  anti gen sites bound on the patient’s RBCs and should trig ger 
the MLS to per form a DAT. The DAT is a crit i cal diag nos tic tool for 
AIHA and is ini tially performed by test ing the patient’s washed 
RBCs with polyspecific anti hu man glob u lin (AHG), which con-
tains both anti-IgG and anti-C3d.

The use of a con ven tional test tube con tin ues to be the pri-
mary method for the DAT, requir ing man ual obser va tion for agglu-
ti na tion of the patient RBCs after the addi tion of AHG. It is reli able 
and often used as con fir ma tory test ing for other DAT tech niques. 
In addi tion, to detect C3d, a test tube method using anti-C3d is 
opti mal. With the expanding role of auto ma tion in hos pi tal lab-
o ra to ries, a DAT can be performed using col umn agglu ti na tion 
test ing (known as gel or beads) or solid-phase meth ods. While 
these alter na tive meth ods for the DAT may be eas ier to per form 
and pro vide less sub jec tiv ity when interpreting the reac tion 
results (mainly due to end point read ing by auto ma tion), in the 
set ting of AIHA the authors have not observed the other meth ods 
to be more sen si tive than a well-performed DAT by tube tech-
nique. Correlation with patient his tory is par a mount to assess the 
sig nifi  cance of any pos i tive DAT result regard less of method.

When the DAT is pos i tive with polyspecific AHG, fur ther 
test ing with mono spe cific reagents is required to dif fer en ti ate  
whether IgG, C3d, or both are coat ing the patient RBCs and to 

Table 1. Summary of clas sic sero logic find ings in AIHA

Type of AIHA Antibody class Antibody spec i fic ity Optimum test phase 
of anti body reac tiv ity DAT result Eluate result

Warm IgG Broadly reac tive IAT 2-4+
IgG and C3 or IgG 
only

Positive—reac tive 
with all /major ity of 
panel RBCs

Cold IgM I/i RT, 37 °Ca 2-3+  
C3 only

Not usu ally performed

Mixed Type IgG and IgM Broadly reac tive RT, 37 °C, IAT 3-4+
IgG and C3

Positive—reac tive 
with all /major ity of 
panel RBCs

aresults after 15-to-30 min ute incu ba tion at 37 °C.
2-4+, agglu ti na tion strength; RT, direct agglutination at room temperature. D
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Table 2. Immunohematology meth ods used in eval u at ing patients with warm and cold autoantibodies

Method Description/pur pose Comments/pit falls

Routine:

ABO group/RhD type Determine patient’s ABO group and RhD type •  Presence of high titer CAA may cause 
autoagglutination at room tem per a ture. Steps to 
resolve this may include:
o Warm/wash patient RBCs at 37 °C
o Perform test ing at 37 °C
o  Treat RBCs with thiol reagent (DTT/2-ME)  

to remove IgM coat ing patient RBCs

DAT
• Polyspecific AHG

Detects IgG and/or C3 (indi rectly detects IgM) on 
patient’s RBCs

• Positive in >90% of cases of AIHA
•  Screening assay; when pos i tive must repeat test ing 

with anti-IgG and anti-C3d to define pro tein coat-
ing patient RBCs

DAT
• Monospecific

o Anti-IgG
o Anti-C3d

Individual reagents to detect whether IgG, C3d, or 
both on patient’s RBCs

•  Both reagents plus con trol must be performed
•  False pos i tives can occur due to autoagglutination 

(most com mon with IgM)

Antibody detec tion (screen) Use of 2-3 reagent RBCs of known phe no type to 
screen for auto and/or allo an ti body in patient’s serum
•  Detects IgM CAA when performed at IS/RT (direct 

agglu ti na tion) using a test tube method
• Detects IgG WAA at IAT with any method.

•  Detection depends on test method used  
(test tubes, CAT, SP)

•  May be neg a tive if all  auto an ti body bound to 
patient’s RBCs

Antibody iden ti fi ca tion Use of panel reagent RBCs (10-16) of known phe no type 
to deter mine spec i fic ity of anti body.
•  Reactivity at IS/RT (direct agglu ti na tion) con firms 

CAA. Some show autoanti-I or -i spec i fic ity.
•  Confirms broad reac tiv ity or spec i fic ity of WAA at IAT.

•  Subsequent test ing when anti body is detected to 
iden tify antibodies of clin i cal sig nifi  cance

•  Identifies spec i fic ity of any under ly ing  
allo an ti body once auto an ti body removed from 
patient serum

Crossmatch Confirms ABO com pat i bil ity by either sero logic (IS) or 
elec tronic/com puter.

•  If known clin i cally sig nifi  cant allo an ti body, must 
per form sero logic crossmatch at IAT (also known as 
AHG or full crossmatch)

Phenotype Serologically type patient RBCs using known antisera. •  Performed when patient has not been  
trans fused in last 3 months

•  Strong pos i tive DAT may cause false pos i tive; not 
all  antisera  able to give accu rate results when DAT 
is pos i tive

•  Partial anti gens or var i ant anti gens may not be 
detected

Advanced:

Elution •  Elution removes IgG bound to the patient’s RBCs 
using a dilute acid solu tion. Resulting elu ate is then 
tested against a panel of reagent RBCs to check for 
spec i fic ity of the RBC bound IgG.
o Positive with all  cells con firms WAA.
o  If neg a tive, sus pect drug-depen dent  

anti body.

•  Once diag no sis of AIHA, no need to per form with 
each sub se quent pretransfusion test

•  Also used in suspected delayed trans fu sion reac tion 
to detect bind ing of allo an ti body to cir cu lat ing 
trans fused RBCs

Adsorption—autol o gous •  Removes IgG auto an ti body (when incu bated at  
37 °C) from patient plasma using patient RBCs; then 
adsorbed plasma tested to iden tify under ly ing allo-
an ti body.

•  Removes IgM auto an ti body (when incu bated at 
4C) from patient plasma using patient RBCs; then 
adsorbed plasma tested to iden tify under ly ing  
allo an ti body.

•  Performed when patient has not been trans fused in 
last 3 months

•  Patient RBCs are first treated to remove bound 
auto an ti body to allow sites for auto an ti body in 
plasma to bind

•  Requires suf fi cient quan tity of patient RBCs for 
removal of auto an ti body

Adsorption—allo ge neic •  Removes IgG auto an ti body (when incu bated at  
37 °C) from patient plasma using phenotyped donor 
RBCs; then adsorbed plasma tested to iden tify under-
ly ing allo an ti body.

•  Removes IgM auto an ti body (when incu bated at 4C) 
from patient plasma using donor RBCs; then adsorbed 
plasma tested to iden tify under ly ing  
allo an ti body.

•  Typically, 3 donor RBCs of known phe no type  
(eg, R1R1, R2R2, rr) are selected

• May miss anti body to high prev a lence anti gen
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Table 3. Typical anti body detec tion (screen ing) results for autoantibodies and alloantibodies

Reagent red 
cells

Cold auto an ti body Warm auto an ti body No anti body detected Alloantibody detected

RT 37C IAT RT 37C IAT RT 37C IAT RT 37C IAT

1 4+ 3+ 1+ 0 0 3+ 0 0 0 0 0 0

2 4+ 3+ 1+ 0 0 3+ 0 0 0 0 0 3+

3 4+ 3+ 1+ 0 0 3+ 0 0 0 0 0 0

Autocontrol* 4+ 3+ 1+ 0 0 4+ 0 0 0 0 0 0

Results after mixing patient plasma with reagent RBCs. Agglutination is graded 1-4+; no agglutination is indicated as   0.
*Autocontrol contains patient plasma plus patient RBCs.
Italics indicate typical optimum reactivity of cold autoantibody. Bold indicates typical optimum reactivity of warm autoantibody. Italics and bold 
indicate typical reactivity of alloantibody.
RT, room temperature (direct agglutination/immediate spin at room temperature); 37C, results after incubation at 37 °C for 10-30 minutes; IAT, results 
after addition of AHG.

Table 4. Patients with WAIHA and under ly ing alloantibodies

Reference Number of alloantibodies 
detected Number of sam ples % sam ples with under ly ing 

alloantibodies

Morel et al3 (1978) 8 20 40

Branch and Petz4 (1982) 5 14 36

Wallhermfechtel et al5 (1984) 19 125 15

Laine and Beattie6 (1985) 41 109 38

James et al7 (1988) 13 41 38

Issitt et al8 (alloadsorptions) (1996) 13 34 38

Issitt et al8 (autoadsorptions) (1996) 5 41 12

Leger and Garratty9 (1999) 105 263 40

Maley et al10 (2005) 39 126 31

Das and Chaudhary11 (2009) 7 23 30

Yürek et al12 (2015) 7 36 19

Park et al13 (2015) 87 161a 54

Shirey et al14 (2002) 8 20 40

TOTALS 389 1013 38%
a124 were warm autoantibodies, 21 cold autoantibodies with wide ther mal range, and 16 were cold-reac tive only.

Method Description/pur pose Comments/pit falls

Advanced:

Genotype •  Molecular meth ods used to deter mine patient’s prob-
a ble phe no type.

•  More accu rate than sero logic phenotyping; gen er ally, 
pro vi des more com pre hen sive anti gen pro file

•  Recommended when patient has been trans fused in 
last 3 months

•  Unusual, rare genetic var i ants or par tial anti gens 
may not be detected

Prewarm tech nique •  Wash patient RBCs with 37 °C saline prior to test ing.
•  Warm patient plasma and reagent RBCs at 37 °C  

sep a rately prior to mixing and performing test ing to 
avoid CAA reac tiv ity.

• Avoids CAA from bind ing to patient or donor RBCs
•  Clinically sig nifi  cant, weakly reac tive alloantibodies 

may not be detected in a prewarm IAT

Thermal ampli tude study •  Incubate patient serum with reagent RBCs for  
2 hours at 30 °C and 37 °C.

•  Determines if CAA has abil ity to bind to reagent RBCs 
at warm body tem per a ture.

•  Should be performed with adult RBCs (pos i tive for 
I) and cord blood RBCs (pos i tive for i)

•  Typically, only need to per form once to aid in  
diag no sis

CAT, col umn agglu ti na tion tech nique; IS, imme di ate spin (direct agglu ti na tion at room tem per a ture); 2-ME, 2-mercaptoethanol; RT, room tem per a-
ture, direct test ing; SP, solid phase tech nique.

Table 2. Immunohematology meth ods used in eval u at ing patients with warm and cold autoantibodies (Continued)

D
ow

nloaded from
 http://ash.silverchair.com

/hem
atology/article-pdf/2022/1/96/2023116/96johnson.pdf by guest on 18 April 2024



100 | Hematology 2022 | ASH Education Program

help clas sify the type of hemo lytic ane mia (Table 1). In patients 
with WAIHA, more com monly both IgG and C3d coat the 
patient’s cells.16 While the DAT alone is not diag nos tic of hemo-
lytic ane mia, stron ger reac tions (2-4+) denote higher anti body 
den sity on the RBC sur face and are more likely asso ci ated 
with hemo ly sis. Similarly, the pres ence and amount of C3 (C3b 
and/or C3d) on the RBC mem brane is an impor tant pre dic tor 
of immune hemo ly sis.2,17 Conversely, a neg a tive DAT does not 
rule out AIHA and may be seen in 5% to 10% of patients with 
hemo lytic ane mia.16,17

To con firm the pos i tive DAT is due to an auto an ti body, an 
elu tion pro ce dure should be performed as part of the ini tial 
inves ti ga tion. The pre dom i nant method uti lized for elu ate prep-
a ra tion removes cell-bound IgG auto an ti body by the addi tion of 
a dilute acid solu tion to the patient’s RBCs. The acid/RBC mix is 
centri fuged, and the super na tant (elu ate) is buff ered back to a 
nor mal pH. Antibody iden ti fi ca tion is performed on this elu ate. 
The results are key in dif fer en ti at ing WAIHA from drug-induced 
immune hemo lytic ane mia. In WAIHA the elu ate con tains the IgG 
auto an ti body, whereas with a neg a tive elu ate, a drug- depen dent  
anti body would be suspected.

CLINICAL CASE 1 (Con tin ued)
Testing at the IRL con firms a strongly pos i tive DAT, includ ing 
4+ reac tiv ity with both anti-IgG and anti-C3d. Strongly reac-
tive auto an ti body is pres ent in the patient serum and elu ate. 
The auto an ti body remains strongly pos i tive with all  panel cells 
despite no enhance ment at the IAT, neces si tat ing the per for-
mance of spe cial ized adsorp tion tech niques. RH and K pheno-
typing show that the patient’s RBCs are E− and K− and C+, c+, 
and e+. RBC genotyping is ordered to deter mine the extended 
phe no type.

Adsorption—allo ge neic and autol o gous
Adsorption stud ies are the opti mal method to remove auto an ti-
body from the patient’s plasma and leave allo an ti body behind, 
if pres ent. When a sam ple is referred, the first ques tion asked 
by the IRL MLS is whether the patient has been trans fused and 
when. If trans fused within the last 3 months, allo ge neic (using 
donor cells of known phe no types) adsorp tion is performed over 
autol o gous (using the patient’s own RBCs) adsorp tion. Even a 
small amount of trans fused RBCs in the patient’s sam ple can 
adsorb out alloantibodies.18 Another fac tor for the use of alload-
sorption is the patient’s degree of ane mia. For patients with an 
Hgb level less than 5 g/dL or small pedi at ric patients, it is unlikely 
that an ade quate quan tity of patient RBCs can be col lected to 
suc cess fully per form repeated autoadsorptions.

Autologous adsorp tions are logis ti cally eas ier to per-
form and pre ferred over alloadsorptions for 2 rea sons. One, 
remov ing anti body using the patient’s own RBCs proves the 
auto im mune nature of the auto an ti body. Second, autoadsorp-
tions will not remove an alloantibody to a high prevalence 
antigen. Patient RBCs must first be  chem i cally treated to 
remove auto an ti body. Chemicals such as ZZAP (dithiothreitol 
(DTT)/2-mercaptoethanol + ficin/papain) or enzyme treating 
(ficin/papain) alone can remove auto an ti body to free up anti-

gen sites for more auto an ti body bind ing. Repeat adsorp tions 
(1 to 4) based on the strength of the auto an ti body pres ent 
(1+-4+) in the patient’s serum are required, gen er ally tak ing  
3 to 4 hours.

Allogeneic adsorp tions are argu  ably one of the most com pli-
cated immu no he ma tol ogy tests to per form and are  con fus ing to 
inter pret. They are labor-inten sive, gen er ally requir ing 4 to 8 hours 
to com plete. An ade quate inven tory of phenotyped blood donors, 
typ i cally only avail  able in IRLs, is required for the proper anti gen 
makeup and vol ume of donor RBCs to per form the adsorp tions. 
Generally, 3 dif fer ent donor RBCs are selected, and the anti gen 
makeup of each must be care fully con sid ered to reveal any clin-
i cally sig nifi  cant allo an ti body since all  donor RBCs adsorb the 
auto an ti body. If an allo an ti body is pres ent, as depicted in Figure 1, 
it will bind to donor RBCs that express the cor re spond ing anti gen 
but remain behind if donor RBCs lack the anti gen. Typically, 2 or 3 
rounds of adsorp tions deplete the auto an ti body.

Regardless of which adsorp tion method is used, the adsorbed 
plasma must be retested to detect and iden tify any alloantibod-
ies. If test ing is neg a tive, one can be rel a tively assured that no 
alloantibodies are pres ent. In our case, 4 autoadsorptions and 4 
alloadsorptions both failed to com pletely remove the WAA. Any 
fur ther adsorp tions would be imprac ti cal and likely increase the 
risk of miss ing weakly reac tive alloantibodies. These rare sit u a-
tions illus trate the impor tance of RBC phenotyping/genotyping 
in patients with WAIHA.

Patient RBC phenotyping and genotyping
Knowing the patient’s RBC phe no type can be a pow er ful 
resource to pre dict which alloantibodies the patient can make 
and to guide the selec tion of blood. At a min i mum, the patient 
should be typed for RH (C, E, c, e) and K. Extended typ ing for 
addi tional blood group anti gens (Fya/Fyb, Jka/Jkb, M/N, and S/s) 
is pos si ble today with the use of mono clo nal reagents. However, 
when the patient has a strong pos i tive DAT, deter min ing the 
extended phe no type can be prob lem atic due to autoagglutina-
tion. The patient’s RBCs can be chem i cally treated with EDTA-
gly cine hydrochloric acid or chlo ro quine to remove IgG prior to 
test ing. These pre treat ment meth ods are often tedious, and the 
treated RBCs can not be phenotyped for all  blood group anti-
gens as EDTA-gly cine hydrochloric acid dena tures KEL blood 
group sys tem anti gens, and chlo ro quine treat ment reduces 
RH anti gen expres sion.16 More impor tantly, phe no type by sero-
logic method should not be performed if the patient has been 
recently trans fused.

RBC genotyping (RCG) is becom ing an increas ingly valu able, 
cost-effec tive tool in trans fu sion prac tice. As a send-out test for 
most lab o ra to ries, results are unlikely to be avail  able for 48 to 
72 hours. RCG allows test ing of more blood group sys tems and 
avoids the tech ni cal dif fi cul ties that may occur with sero logic 
test ing when the patient’s RBCs are coated with anti body. In 
addi tion, recent trans fu sion does not pose a prob lem, as DNA 
for molec u lar anal y sis is iso lated from the patient’s mono nu-
clear cells. Using the patient’s predicted phe no type from RCG, 
a strat egy of pro phy lac tic anti gen-matched RBC units (RH [D, 
C, E, c, e], K, and where fea si ble JK, FY) may pre vent alloimmu-
nization, sim plify sub se quent pretransfusion test ing, and pos si-
bly reduce the fre quency of adsorp tion stud ies.14,19 In a sur vey of 
aca demic hos pi tal trans fu sion ser vices and IRLs (n = 54) on the 
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 test ing  prac tices for patients with WAA, 68% performed geno-
typing and 75% pro vided pro phy lac tic anti gen-matched RBC 
units, although pol i cies var ied on indi ca tions for use.20

Transfusion sup port in patients with AIHA
Generally, the deci sion to trans fuse AIHA patients should be 
based on sim i lar indi ca tions as for ane mic patients with out 
AIHA. In asymp tom atic patients, a restric tive trans fu sion strat-
egy (ie, Hgb <7 g/dL) should be prac ticed.21 The use of bed rest 
and sup ple men tal oxy gen in patients with severe ane mia (ie, 
Hgb <6 g/dL) could help defer trans fu sion until test ing is com-
plete. The patient’s clin i cal sta tus, comorbidities, and symp-
toms should guide the deci sion to trans fuse regard less of Hgb 
level and com pat i bil ity test results. When symp toms of sig nifi -
cant hyp oxia, con fu sion, angina, or hemo dy namic insta bil ity are 
pres ent, RBC trans fu sion should not be with held, even when 

test ing is incom plete. The pres ence of reticulocytopenia in an 
AIHA patient with severe ane mia should be regarded as a med i-
cal emer gency. Reticulocytopenia is a poor prog nos tic indi ca tor 
representing an inad e quate eryth ro poi etic response and higher 
trans fu sion require ments.16,22

When trans fu sion is med i cally nec es sary, the patient’s phy-
si cian should be assured that trans fused RBCS are unlikely to 
cause an acute hemo lytic trans fu sion reac tion. The risk for 
a trans fu sion reac tion in patients with AIHA appears to be 
no higher than in other patients requir ing trans fu sion. Chen 
et al.23 found that reac tions occurred in 1.6% of 450 trans fused 
AIHA patients, with febrile and aller gic reac tions the most 
fre quent and no reports of hemo lytic adverse events. Most 
patients with AIHA tol er ate sero log i cally incom pat i ble RBC 
trans fu sions quite well, with out a sig nifi  cant increase in their 
under ly ing hemo ly sis.12,13,23

Figure 1. Adsorption procedure to remove WAA using allogeneic RBCs. Example of the multistep process for allogeneic adsorptions to 
remove WAA to identify whether an underlying alloantibody is present (eg, anti-Jka). Three donor RBCs of known phenotypes (ie, R1R1, 
R2R2, and rr) are selected and treated with enzyme or ZZAP. The patient’s serum (or plasma) is added to an aliquot of each of the 3 donor 
RBCs and incubated for 10 to 60 minutes at 37 °C. Three separate adsorptions are performed, each undergoing 1 to 4 rounds of adsorp-
tion in which the patient’s serum is repeatedly incubated with a new set of donor RBCs. Following an adequate number of adsorptions, 
adsorbed serum samples are tested against reagent RBCs. If 1 or more aliquots are positive, an alloantibody can be identified based on 
the pattern of reactivity and knowledge of the antigens expressed on each aliquot of donor RBCs used for adsorption.
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Selection of blood for trans fu sion
Selection of the optimal RBC unit for transfusion depends on the 
urgency, capabilities and resources of the hospital transfusion 
service, and the status of the pretransfusion testing. When there 
is life-threat en ing ane mia and no time for com ple tion of test ing, 
emer gency-release, group O RBC units should be given (Figure 2).  
The avoid ance of hemo dy namic col lapse and clin i cal dete ri o ra-
tion from pro found ane mia far out weighs the risk of hemo lytic 
reac tion from an allo an ti body. If the patient has no his tory of 
trans fu sions or preg nancy, the prob a bil ity that under ly ing allo-
antibodies are pres ent is quite low, and one can be reassured of 
the safety of the trans fused RBCs.

Extended phenotyping of the patient’s RBCs beyond ABO/Rh 
D can be done rel a tively quickly and guides the selec tion of pro-
phy lac tic anti gen-matched blood for urgent trans fu sions (Figure 
2). Even par tial phenotyping, at a min i mum RH (C, c, E, e) and 
K, and selecting the “best-matched” RBC unit from the avail  able 
inven tory may pro vide some mea sure of safety and reduce the 
risk of devel op ment of clin i cally sig nifi  cant alloantibodies.20,24 In 
patients with WAA and con com i tant alloantibodies, at least 50% 
are directed against the RH and K anti gens.25,26

Providing pro phy lac tic phe no type-matched RBCs beyond RH 
and K may be par tic u larly advan ta geous for patients with ongo-
ing trans fu sion needs or pre vi ously iden ti fied alloantibodies.20,25 
Delaney et al found that patients with WAA and preexisting 
alloantibodies had a higher inci dence of new allo an ti body for-
ma tion (51.8% vs 37.0%), suggesting that the use of pro phy lac-
tic anti gen-matched RBC units in these patients could pre vent 
addi tional alloimmunization.25 The degree of anti gen-matching 
depends on the extent of phenotyping performed, when RCG 
results are avail  able, the sup ply of appro pri ate phenotyped/gen-
otyped donor RBCs, and the urgency of trans fu sion.

The tech nique used for crossmatching blood for patients 
with WAA varies based on local pol i cies.20 One crit i cal point 
that can not be overemphasized is that all  blood is sero log i cally 
incom pat i ble. Crossmatching RBC units to search for “least 
incom pat i ble” should be dis cour aged as there is no clin i cal 
ben e fit for the patient. Likewise, the use of this term does not 
prop erly con vey the most impor tant aspect of pretransfusion 
test ing—the exclu sion of alloantibodies and/or the selec tion 
of RBCs based on extended phe no type matching. Discussion 
with the clin i cal team should include the extent of com pat i bil ity  

Figure 2. Initial selection of blood for patients with WAIHA. The algorithm is a suggested approach for the selection of RBC units in 
patients with WAIHA who are initially evaluated by the transfusion service. Serologic phenotyping of the patient’s RBCs and provision 
of prophylactic antigen-matched RBC units are dependent on the available antisera at the institution and the patient’s recent trans-
fusion history. If it is discovered that the patient has a known history of alloantibodies, provide corresponding antigen-negative RBC 
units unless it would delay transfusion in urgent situations.
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 test ing performed, assur ance of the safety of the trans fu sion, 
and the fact that the sur vival of trans fused RBCs are com pa ra ble 
to the patient’s own RBCs.27

CLINICAL CASE 1 (Con tin ued)
As the patient was sta ble and did not have rap idly drop ping 
Hgb, her trans fer to a ter tiary hos pi tal was arranged. She was 
started on intra ve nous Ig and meth yl pred nis o lone. Repeat labs 
20 hours after her ini tial pre sen ta tion showed an Hgb level 
of 3.6 g/dL. Assessment by the team noted that the patient 
started her men ses and was complaining of mild head ache 
and dyspnea. The adsorp tion stud ies by the IRL were not yet 
com plete. In col lab o ra tion with the clin i cal team, a deci sion 
was made by the trans fu sion team phy si cian to release par-
tially anti gen-matched RBC units (E− and K−) for trans fu sion. 
The patient received 4 RBC units over 3 days. RCG results were 
avail  able at the time of the fourth trans fu sion and indi cated no 
addi tional anti gen matching was required.

Throughout a case, such as the one described, the need for 
fre quent, effec tive dia logue between the clin i cal team and trans-
fu sion ser vice for shared deci sion-mak ing on any trans fu sion 
needs can not be overemphasized. Information from the clin i cal 
team should focus on the patient’s clin i cal sta tus, urgency for 
trans fu sion, and any his tory of pre vi ous trans fu sions, preg nan-
cies, or prior hos pi tal i za tions to assess the like li hood of under ly-
ing alloantibodies. Clear com mu ni ca tion to the pro vider about 
the extent of required test ing, time for com ple tion, and options 
for blood selec tion is imper a tive to enhance under stand ing of 
the risks and ben e fits when trans fu sion is nec es sary.28,29

CLINICAL CASE 2
A 73-year-old woman with a his tory of hyper ten sion and 
cere bro vas cu lar dis ease presented for fur ther eval u a tion of 
chronic ane mia, with a cur rent Hgb level of 8.0  g/dL and nor-
mal iron stud ies. She denied any sig nifi  cant chest pain, short-
ness of breath, or head ache and had no epi sodes of bleed ing 
or dark stools. Vital signs were blood pres sure, 130/70  mmHg; 
heart rate, 71/min; tem per a ture, 36.1 °C; oxy gen sat u ra tion, 
100% on room air. Further lab o ra tory stud ies showed the fol-
low ing: white blood cell count, 6300/µL (4100-10 000); plate-
let count, 347 000/µL (150 000-450 000); retic u lo cytes, 6.6%; 
abso lute retic u lo cyte count, 156 000/µL (22 000-84 000); 
hap to glo bin lower than 3  mg/dL (50-220); lac tate dehy dro-
ge nase, 270  U/L (88-207); total bil i ru bin, 5.4  mg/dL (0-1.0); 
and indi rect bil i ru bin, 4.6  mg/dL. Routine anti body detec-
tion by solid phase was neg a tive. Blood group ing showed an 
ABO dis crep ancy with extra pos i tive reac tions in the patient’s 
reverse group ing. The DAT showed strong autoagglutination 
in all  tubes includ ing the saline con trol. After mul ti ple washes 
of the patient’s RBCs with 37 °C saline, the DAT with anti-IgG 
was neg a tive and anti-C3d was 3+. CAA was iden ti fied at 
room tem per a ture (RT) and below.

Cold AIHA (CAIHA), although sero log i cally presenting with 
unex pected test results, is not as dif fi cult or time-con sum ing to 
work up in the trans fu sion ser vice or IRL. Automated meth ods 
for pretransfusion test ing are designed to detect IgG antibodies, 
and with their grow ing use in hos pi tal trans fu sion ser vices, CAA 
may not be ini tially detected in the anti body screen.

As noted in the case, potent CAAs often cause ABO and Rh 
typ ing discrepancies. Patient RBCs that are heavily coated with 
IgM CAA autoagglutinate at RT, caus ing unex pected pos i tive 
results in for ward ABO/RhD typ ing. Washing patient RBCs with 
warm 37 °C saline prior to test ing usu ally removes the autoag-
glutination. Rarely, if warming is unsuc cess ful, RBCs must be 
chem i cally treated with DTT, a thiol reagent, to remove IgM 
auto an ti body. DTT treat ment breaks disulfide bonds of IgM 
antibodies and there fore dis si pates autoagglutination in the 
ABO for ward group. The big ger chal lenge with CAA is unex-
pected pos i tive results in the reverse ABO group when the 
patient’s plasma is mixed with A1 and B reagent RBCs. To elim i-
nate this inter fer ence, the patient’s plasma is warmed to 37 °C 
before adding to prewarmed A1 and B cells. In rare cases, autol-
o gous or allo ge neic adsorp tions are required to remove CAA to 
obtain a valid reverse group.

Classically, in CAIHA the DAT is pos i tive with only C3d, which 
infers IgM anti body bind ing. Similar to WAA, the eval u a tion of 
other lab o ra tory stud ies for hemo ly sis is vital to deter mine the 
sig nifi  cance of the CAA. Autoagglutination can occur with a 
strong CAA and lead to false-pos i tive results when performing 
a DAT, empha siz ing the impor tance of simul ta neous test ing of 
con trols. Resolution and removal of IgM coat ing the patient’s 
cells fol low sim i lar steps as for ABO group dis crep ancy, with first 
warm wash ing of the cells and, if needed, DTT treat ment.

CAAs rarely cause a chal lenge in rul ing out under ly ing alloan-
tibodies because IgM auto an ti body binds to RBCs pref er en tially 
at colder tem per a tures but can carry over to 37 °C and the IAT, 
while clin i cally impor tant IgG alloantibodies are reac tive only at 
the IAT (Table 3). Eliminating the use of poten ti a tors in tra di tional 
test tube meth ods and performing test ing only at 37 °C (to avoid 
auto an ti body bind ing at RT) is often suf fi cient to reduce reac tiv-
ity by the CAA at the IAT. Negative reac tions at the IAT indi cate 
that no IgG alloantibodies are pres ent. Rarely, 1 or 2 autol o gous 
or allo ge neic adsorp tions with treated RBCs incu bated at 4 °C 
remove enough CAA to avoid inter fer ence in the IAT and allow 
alloantibodies to be ruled out.

Once the under ly ing alloantibodies have been excluded, 
the selec tion of RBCs for trans fu sion typ i cally fol lows stan dard 
prac tice. The pro vi sion of pro phy lac tic RH and K matching is 
gen er ally recommended if the patient has an ongo ing need for 
trans fu sion. If ABO group ing results can not be resolved due to a 
potent CAA, group O RBCs should be selected. In patients with 
CAA with severe brisk hemo lytic ane mia, the use of an in-line 
blood warmer as well as warming blan kets may mit i gate any fur-
ther hemo ly sis.16

As part of the diag nos tic eval u a tion, a cold agglu ti nin titer 
may be ordered; how ever, the titer result is not reflec tive of the 
abil ity of the CAA to cause immune hemo lytic ane mia as the test-
ing is performed at 4°C. In the authors’ opin ion, it is an over-
used test that pro vi des lit tle clin i cal rel e vance. A bet ter test to 
deter mine the path o log i cal nature of a CAA is a ther mal ampli-
tude study. This test ing assesses the abil ity of the CAA to bind 
to RBCs at 30 °C or warmer, reflecting body tem per a ture. Some 
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may argue that nei ther is nec es sary if stan dard sero logic test ing 
and clin i cal signs and symp toms sup port a path o log i cal CAA.

CLINICAL CASE 2 (Con tin ued)
Our patient was asymp tom atic and did not require trans fu sion 
at this time. Neither a cold agglu ti nin titer nor a ther mal ampli-
tude study was performed as the find ings from her sero logic 
test ing, includ ing a DAT, and other lab o ra tory stud ies were 
con sis tent with CAIHA.

Conclusion
Both WAIHA and CAIHA pres ent unique chal lenges for pretrans-
fusion test ing. The pro vi sion of RBCs for trans fu sion is based 
on the clin i cal sta tus of the patient and the extent of test ing 
affected by the class (IgG or IgM) and con cen tra tion of auto an ti-
body. Testing for patients with acute WAIHA is the most dif fi cult, 
requir ing com pli cated, lengthy pro ce dures such as adsorp tion 
stud ies and genotyping that may not be com pleted prior to 
need ing trans fu sion. Thus, early and fre quent com mu ni ca tion is 
essen tial for the exchange of infor ma tion to effec tively guide the 
best approach for imme di ate and future trans fu sions. This extra 
effort pro vi des assur ance for the clin i cal and lab o ra tory teams 
that units released for trans fu sion, although incom pat i ble, have 
a high like li hood of being safe and effi ca cious for the patient.
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