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How we evaluate panagglutinating sera

Jacques Chiaroni, Julia Gouvitsos, Isabelle Dettori, and Virginie Ferrera

anagglutinating sera is one of the most challeng-

ing dilemmas of the antibody identification

process. It occurs when patient sera react with

all red blood cells (RBCs) tested, that is, with
both screening and identification panel cells used in first
approach. In this situation systematic workup is necessary
to reduce the risk of error and optimize sample use. Two
main problems must be resolved. The first is to determine
whether panagglutination is due to an auto- or alloanti-
body against a high-frequency antigen (HFA) or to mul-
tiple antibodies recognizing antigens other than HFA. The
second problem is to detect the possible concomitant
presence of clinically significant alloantibodies masked by
panagglutination.'

The purpose of this article is to describe an algorithm
developed to resolve these panagglutination problems at
our laboratory that performs around 8000 RBC antibody
identification tests each year for routine and reference
purposes in the pretransfusional and obstetrical setting.
Of a total of 52,000 antibody identifications performed
over the past 7 years, the technique described here was
used to investigate 3124 cases of panagglutination includ-
ing 3002 associated with positive autocontrol tests and
122 with negative autocontrol tests (Table 1). To illustrate
the problem-solving efficacy of this approach, we will
present the results achieved at each step. Many of these
results, particularly those involving HFA, were subse-
quently confirmed by a reference laboratory.

TECHNICAL CONSIDERATIONS

Basic RBC antibody screening and identification

Basic RBC antibody screening and identification, includ-
ing systematic autologous controls, are performed by

ABBREVIATION: HFA = high-frequency antigen.

From the French Blood Establishment of Alpes Mediterranee,
Marseille, France.

Addpress reprint requests to: Virginie Ferrera, French Blood
Establishment of Alpes Mediterranee, 149 Bd Baille 13005
Marseille, France; e-mail: virginie.ferrera@efs.sante.fr.

Received for publication December 16, 2008; revision
received February 20, 2009; and accepted February 24, 2009.

doi: 10.1111/j.1537-2995.2009.02183.x

TRANSFUSION 2009;49:1540-1545.

1540 TRANSFUSION Volume 49, August 2009

the indirect antiglobulin test using column agglutination
technology (Ortho, Biovue system, Raritan, NJ). We add
an enzyme technique (papain) to assist interpretation in
difficult situations such as panagglutination and in cases
involving hemolytic transfusion reaction.

Direct antiglobulin tests

Direct antiglobulin tests (DAT) are performed using gel
cards (Diamed, Cressier sur Morat, Switzerland).

Elution

Elution is performed with the acid elution technique
(Immucor, Rédemark, Germany).

Adsorption studies

Adsorption studies (allo- and auto-) are performed using
low-ionic-strength saline as previously described.® If the
antibody is reactive with enzyme-treated panel, autolo-
gous and homologous RBCs are treated with enzyme. In
these cases, RBCs selected for alloadsorption have the
same D, C, E, ¢, ¢, K, Jk? and Jk®, antigens as the patient.
When the antibody is unreactive or weakly reactive with
the enzyme-treated panel, adsorption is performed using
untreated cells having the same D, G, E, ¢, e, K, Jk?, Jk®, Fy?,
Fy®, S, and s antigens as the patient. When necessary, we
repeat alloadsorption until the sera give a negative reac-
tion with the adsorption cell.

STEP-BY-STEP DESCRIPTION OF
ALGORITHM AND RESULTS

The problem-solving approach, described below and pre-
sented in the flow chart in Fig. 1, can be divided into the
following four steps.

Step 1: collect medical and serologic history

The first step of the process consists of collecting a thor-
ough medical and serologic history including information
about transfusion, pregnancy, current or past diseases,
and medications. History taking should also include sero-
logic information (such as previous antibody screening
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TABLE 1. Causes of panagglutination associated with negative (n = 122) or positive (n = 3002) autocontrol tests
Overall number (%) Number (%) of cases with

Causes of panagglutination of cases masked alloantibodies DAT
Negative autocontrol test 122

Alloantibody against HFA 97 (79.5) 11 (11.3)

Multiple alloantibodies other than anti-HFA 13 (10.6)

Autoantibodies 12 (9.8) 4 (33.3)
Positive autocontrol test 3002

IgM autoantibodies 2510 (83.6) 168 (6.7) C3d

IgG autoantibodies 485 (16.1) 94 (19.4) 1gG or 1gG plus C3d

Alloantibodies with hemolytic transfusion reaction or 7 (0.2)

hemolytic disease of newborn
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Fig. 1. Problem-solving strategy in cases of panagglutination.

results and other immunohematologic testing). Racial/
ethnic origin can be particularly helpful for identification
of antibodies against HFA.57

Step 2: search and assess variable reactivity

In the context of panagglutination, variable reactivity
with panel cells can be due either to multiple antibodies

vEsy o

|| AUTOADSORPTION || ALLOADSORPTION ||

or to HFA showing variable expression from one panel
cell to another (Vel). A correlation between variable
intensity and distribution of some antigens in panel cells
is suggestive of multiple antibodies. Each specificity is
confirmed by phenotyping patient RBCs, interpreting
reactions with enzyme-treated panels, testing otherwise
different cells that were complementary homozygous for
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TABLE 2. Twenty-one cases of panagglutination
caused by multiple alloantibodies

Number
Specificity of cases
Anti-Fy?-Jk? 1
Anti-Fy2-N
Anti-f-Fy?
Anti-c-Fy?
Anti-C*-Jk°-S
Anti-c-Jk?-S
Anti-f-Jk&-Fy®
Anti-D-Fy?-Jk?
Anti-Fy"-S-Do?
Anti-c-JkP-Fy®
Anti-Fy2-Jk>-M (hemolytic transfusion reaction)
Anti-c-Fy2-S (hemolytic transfusion reaction)
Anti-D-C-Fy*-N
Anti-K-Fy2-S-M
Anti-D-C-E-Fy?
Autoantibody plus anti-E-C*-Kp?
Autoantibody plus anti-K-Fy?-M
Autoantibody plus anti-E-Fy?*-Kp?*
Autoantibody plus anti-c-Jk°-S
Autoantibody plus anti-c-E-Fy®-S
Autoantibody plus Anti-c-K-E-S
Total 2

G G QU GG G G QA G GG G G G O G G g Y

main blood group antigens (D, C, E, ¢, e, K, Jk& Jkb, Fy?,
Fy®, S, and s), and in some cases, performing sensitization
and elution.

Table 2 lists panagglutination situations caused by
antibody mixtures in our experience. All of these mix-
tures produced reaction patterns that allowed us to
suspect underlying specificities. Six cases were associ-
ated with weak autoantibody and two were observed in
patients who presented hemolytic transfusion reaction. If
no variable reactivity is observed, we continue to the
next step.

Step 3: perform phenotyping and, if necessary,
genotyping

We can perform phenotyping using commercially avail-
able reagents for common antigens including D, C, E, ¢, e,
K, k, Kp?, Kp®, Jk&, Jk®, Fy?, Fy®, M, N, S, s, Lu?, and Lu®, as
well as for P1 antigens and, in O blood groups, H antigen.
Phenotyping can detect the absence of some HFA like k,
Kp®, or Lu®. Tt can also suggest the absence of a HFA if two
antithetical antigens are not found (absence of Jk3 in
Jk(a—b-) phenotype) or if a reaction pattern characterized
by antigen weakening is observed (e.g., weak C in Hr®
negative (RH:-34) phenotype). If the laboratory has the
necessary equipment, genotyping is indicated to confirm
the absence of a suspected HFA for which no commercial
reagents are available (e.g., Hr (RH18), Hr® (RH34) Sec
(RH46), Js®, Hy, and Jo* for people of sub-Saharan ori-
gin).%® Genotyping may also be indicated if phenotyping is
considered as unreliable, for example, due to recent trans-
fusion (within past 3 months) or positive DAT.' In a refer-
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TABLE 3. Alloantibodies against HFA suspected
by performing phenotyping and/or genotyping
Specificity Number of cases

Anti-Lu® 14

Anti-k

Anti-U

Anti-Kp®

Anti-Jk3

Anti-Rh29

Anti-Jk3 (hemolytic disease of newborn)
Anti-Kp® (hemolytic transfusion reaction)
Anti-k-E

Anti-k-Jk®

Anti-HI (in A1 phenotype) plus anti-C
Total

Ao aaaaaapwo

w

ence laboratory setting, the specificity of the suspected
HFA antibody can be confirmed by testing the patient’s
serum/plasma against rare RBC devoid of the antigen cor-
responding to the suspected antibody and by testing the
patient’s RBC against rare serums harboring the sus-
pected HFA antibody. Even if the laboratory is unable to
confirm the specificity of the suspected HFA antibody,
removal by alloadsorption is necessary to allow detection
of the underlying alloantibodies.

Table 3 lists antibodies against HFA and alloantibod-
ies masked by panagglutination that were identified after
removal of the HFA antibody. In two cases, these alloan-
tibodies against HFA were implicated in hemolytic trans-
fusion reaction and hemolytic disease of newborn. If
phenotyping and/or genotyping as described above fail
to demonstrate absence of HFA sought, autocontrol
test results should be checked as described in the next
step.

Step 4: check autocontrol test

The fourth step depends on the results of the autocontrol
test.

Step 4.1: autocontrol test is negative or shows a positive
reaction characterized by weaker reactivity than the
reagent cells

It is imperative to differentiate autoantibody from alloan-
tibody against HFA. Antibody identification studies before
and after initial adsorption can help to answer this ques-
tion. This study will provide one of the following three
patterns:

e Reactivity observed after one initial adsorption
shows same reduction in autoadsorbed and alload-
sorbed sera.

This pattern suggests the presence of an autoanti-
body. If the autoantibody could not be adsorbed
sufficiently in patients who have not undergone
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TABLE 4. Autoantibodies including the masked alloantibodies
associated with negative or weakly positive autocontrol tests, in
which adsorption tests showed same reduction in reactivity observed
with both autoadsorbed sera and alloadsorbed sera

e Reactivity observed after one
initial adsorption shows no
change in autoadsorbed sera and
decreases in alloadsorbed sera.

Number
Autoantibody and masked alloantibodies of cases

Autocontrol test

This pattern suggests the presence

Autoantibody without masked alloantibodies 8
Autoantibody plus anti-D

Autoantibody plus anti-Fy?

Autoantibody plus anti-Jk®

1
1
1
Autoantibody without masked alloantibodies 15
Autoantibody plus anti-C 3
Autoantibody plus anti-H (in A1 group) 2
Autoantibody plus anti-Fy? 1
Autoantibody plus anti-C-M 1
Autoantibody plus anti-D-C 1
Autoantibody plus anti-Jk®-E 1
Autoantibody plus anti-Jk*-Fy>-S 1
Autoantibody plus anti-D-G-E-K 1
Autoantibody plus anti-D-C-E-S 1

Total 38

Negative

Positive (lower than
RBC reagents)

of an allo anti-HFA. Confirmation of
specificity and detection of masked
non-HFA alloantibodies must be
achieved as explained above in
Step 3.

Table 5 lists alloantibodies against
HFA identified and alloantibodies
accompanying the panagglutinins.
Two alloantibodies were implicated in
hemolytic transfusion reaction and
four were associated with weak
autoantibodies.

e Reactivity observed after one

alloadsorbed sera

TABLE 5. Alloantibodies against HFA including masked non-HFA
alloantibodies, in which adsorption tests showed no reduction in
reactivity with autoadsorbed sera and reduction in reactivity with

initial adsorption shows no reduc-
tion in autoadsorbed sera and
alloadsorbed sera.

If the same pattern persists after

Number
of cases

Alloantibodies against HFA and masked
non-HFA alloantibodies

Autocontrol test

two additional allo- and autoadsorp-

Anti-Vel

Anti-Yt?

Anti-GIL

Anti-Do®

Anti-Hy

Anti-Lan

Anti-Ge2

Anti-1

Anti-Tja

NIPA

Anti-Tja-P1

Anti-Vel-Jk®

Anti-Yt2-Fy?

Anti-Yt>-S

Anti-Fy5-S

Anti-Hr-E

Autoantibody plus anti-H (in B group)
Autoantibody (anti-Hro) plus anti-E
Autoantibody (anti-U) plus anti-S
Autoantibody plus anti-Yt*-E-s
Anti-Fy3-E (hemolytic transfusion reaction)
Anti-k-c (hemolytic transfusion reaction)

Total

~

M N

w
=

Negative

Positive (lower than
RBC reagents)

tions, we can suggest two possibilities.
The first is the presence of an antibody
with high titer and low avidity charac-
teristics particularly if sera continue to
react at four dilutions beyond that
which gives a 1+ reaction.'? Although
knowing the specificity of such an anti-
body itself is not determinant for trans-
fusion security, it may mask underlying
alloantibodies with potentially clinical
significance. Thus plasma inhibition is
performed to distinguish anti-CH/RG."
The second possibility suggested by
this pattern is presence of a high-titer
alloantibody without low avidity.
Table 6 lists the antibody specificities
identified with alloantibodies masked
by the panagglutination.

NIPA = nonidentified public antibody.

Step 4.2: if the autocontrol test shows

transfusion in the past 3 months, autoadsorptions may
be repeated to detect underlying alloantibodies. In
patients with a recent transfusion history, further alload-
sorption should be performed with the awareness that
an anti-HFA may be adsorbed in alloadsorption process
and missed."" Table 4 lists autoantibodies associated with
negative or weakly positive autocontrol tests and the
alloantibodies masked.

a positive reaction characterized by

stronger reactivity than reagent cells
Panagglutination is probably due to the presence of an
autoantibody. In this case the main goal is to eliminate
this autoantibody to allow detection of any underlying
alloantibodies with clinical significance.

If the DAT is positive for anti-C3d only, an immuno-
globulin M (IgM) class autoantibody is likely. One
approach is to look for immunoglobulin G (IgG) alloanti-
bodies after inactivation of the IgM autoantibody with
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TABLE 6. Antibody specificities including masked non-HFA alloantibodies, in which adsorption tests showed no
reduction in reactivity observed with both autoadsorbed sera and alloadsorbed sera

Antibody specificities including masked non-HFA alloantibodies

Anti-CH/RG

Anti-KN

Antibody with high-titer and low-avidity characteristics nonidentified
Anti-JMH

Anti-AnWj

Anti-Jr

Anti-Cs?*-Xg?

Autoantibody plus anti-JMH
Autoantibody plus anti-KN

Total

Antibody with high-titer and low-avidity characteristics nonidentified plus anti-D

Number of cases Autocontrol tests

27

4

2

1 .

1 Negative

1

1

1

2 Positive (lower than

1 } RBC reagents)
41

TABLE 7. 1gG alloantibody specificities detected
after 2-mercaptoethanol treatment
Number
Specificity of cases
Autoantibody without masked alloantibodies 2342
Autoantibody plus anti-Le® 36
Autoantibody plus anti-M 31
Autoantibody plus anti-Le® 30
Autoantibody plus anti-E 19
Autoantibody plus anti-D 11
Autoantibody plus anti-c 8
Autoantibody plus anti-S 8
Autoantibody plus anti-Kp? 6
Autoantibody plus anti-C* 5
Autoantibody plus anti-C 4
Autoantibody plus anti-Fy? 3
Autoantibody plus anti-Fy® 3
Autoantibody plus anti-Jk® 2
Autoantibody plus anti-e 1
Autoantibody plus anti-K 1
Total 2510

2-mercaptoethanol.'* Table 7 presents IgG alloantibodies
detected after 2-mercaptoethanol treatment in our
experience.

If DAT is positive with anti-IgG or with anti-IgG and
anti-C3d antiglobulins, IgG class autoantibody is likely. To
detect underlying alloantibodies, adsorptions are per-
formed as described above at technical considerations
point.

Table 8 lists the results obtained after autoantibody
adsorption in our experience. One case of panagglutina-
tion in which positive autocontrol tests showed stronger
reactivity than panel cells was observed in a patient who
presented hemolytic transfusion reaction.
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TABLE 8. Alloantibodies detected after
autoadsorption or alloadsorption of patient
plasma/serum containing IgG class
autoantibodies with autocontrol positive
(stronger reactivity than panel cells)

Number
Alloantibody of cases

Autoantibody without masked alloantibodies 376

Anti-E 1

Anti-Jk®

Anti-K

Anti-S

Anti-Fy?

Anti-C

Anti-Jk®

Anti-c-E

Anti-D

Anti-M

Anti-Fy°

Anti-C"

Anti-D-C

Anti-Fy?-E

Anti-S-Jk?

Anti-e

Anti-N

Anti-Co®

Anti-c

Anti-Sc3

Anti-Lu®

Anti-Jk3

Anti-U

Anti-Do? (hemolytic transfusion reaction)

Antibody with high-titer and low-avidity
characteristics nonidentified

Anti-e-S

Anti-E-S

Anti-K-E

Anti-Fy?-s

Total

el AL\ S\ \C I \C N \C I \C RS G B S S &) B e ) B0

0 = = -

N
N

CONFLICT OF INTEREST

The author(s) certify that they have no affiliation with or financial
involvement in any organization or entity with a direct financial
interest in the subject matter or materials discussed in this
manuscript.



REFERENCES

Engelfriet CP, Reesink HW. The detection of alloantibodies
against red cells in patients with warm-type autoimmune
haemolytic anaemia. International forum. Vox Sang 2000;
78:200-7.

Branch DR, Petz LD. Detecting alloantibodies in patients
with autoantibodies. Transfusion 1999:39:6-10.

Issitt PD, Combs MR, Bumgarner D], Allen J, Kirkland A,
Melroy-Carawan H. Studies of antibodies in the sera of
patients who have made red cell autoantibodies. Transfu-
sion 1996:36:481-6.

Sokol RJ, Hewitt S, Booker DJ, Morris BM. Patients with red
cell autoantibodies: selection of blood for transfusion. Clin
Lab Haematol 1988;10:257-64.

Chiaroni J, Touinssi M, Mazet M, De Micco P, Ferrera V.
Adsorption of autoantibodies in the presence of LISS to
detect alloantibodies underlying warm autoantibodies.
Transfusion 2003;43:651-5.

Issitt PD. Race-related red cell alloantibody problems. Br J
Biomed Sci 1994;51:158-67. Review.

Reid ME, Lomas-Francis C. Blood group antigen factsbook.
2nd ed. San Diego (CA): Academic Press; 2004.

HOW WE EVALUATE PANAGGLUTINATING SERA

10.

11.

12.

13.

14.

Noizat-Pirenne F, Lee K, Pennec PY, Simon P, Kazup P,
Bachir D, Rouzaud AM, Roussel M, Juszczak G, Ménanteau
C, Rouger P, Kotb R, Cartron JP, Ansart-Pirenne H. Rare
RHCE phenotypes in black individuals of Afro-Caribbean
origin: identification and transfusion safety. Blood 2002;
100:4223-31.

Reid ME. Complexities of the Dombrock blood group
system revealed. Transfusion 2005:45 Suppl:92-9.

Reid ME. Overview of molecular methods in immunohe-
matology. Transfusion 2007:47:11-6.

Laine MP, Leger RM, Arndt PA, Calhoun L, Garratty G, Petz
LD. In vitro studies of the impact of transfusion on the
detection of alloantibodies after autoadsorption. Transfu-
sion 2000;40:1384-7.

Immunohematology methods and procedures. Method 39:
identification of high titer low avidity antibodies, 39-1.
American Red Cross National Reference Laboratory, 15601
Crabbs Branch Way, Rockville, MD 20855-9974.

Brecher ME, editor. Technical manual. 15th ed. Bethesda
(MD): AABB; 2005.

Judd WJ. How I manage cold agglutinins. Transfusion
2006;46:324-6. O

Volume 49, August 2009 TRANSFUSION 1545



