
Corresponding author. E-mail: jacobs.jeremy@mayo.edu (J. Jacobs)
aMayo Clinic, Department of Laboratory Medicine and Pathology, Rochester, MN, USA.
bVanderbilt University Medical Center, Department of Pathology, Microbiology, and Immunology, Nashville, TN, USA.
cUniversity of Texas Southwestern Medical Center, Department of Pathology, Dallas, TX, USA.
Received on July 18, 2023.

All that hemolyzes with complement is not cold 
agglutinin syndrome
Tudo o que hemolisa com complemento não é a Síndrome por 
Aglutininas a Frio

Jeremy Jacobsa , Garrett Boothb , Brian David Adkinsc 
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Sion et al. recently described a 2-year-old child with appar-
ent autoimmune hemolysis in the setting of human adenovi-
rus infection.1 Per the authors, the patient developed signs of 
intravascular hemolysis with hemoglobinuria and a precipitous 
hemoglobin drop from 11.6 to 2.6 g/dL. The authors appro-
priately performed a direct antiglobulin test (DAT), which was 
positive for complement (C3d), and an indirect antiglobulin test 
(IAT) at 4°C, which was also positive, though further details 
are not provided. The authors ultimately attributed this to cold 
agglutinin (CA) syndrome (CAS). Unfortunately, immunohe-
matological evaluation is insufficient to definitively conclude a 
diagnosis of CAS, and most likely may be explained by parox-
ysmal cold hemoglobinuria (PCH). 

CAS is characterized by autoantibodies, typically of the IgM 
isotype, which are optimally reactive at 4°C. These autoantibod-
ies bind complement, and although complement is capable of 
proceeding through the membrane attack complex (MAC) with 
subsequent intravascular hemolysis, intravascular hemolysis is 
significantly rarer than extravascular hemolysis via phagocytosis 
of C3b-opsonized red blood cells (RBCs) by Kupfer cells in the 
liver.2 Diagnosis of CAS requires demonstration of CAs at 4°C, 
which almost always display a titer ³64, often in the range of 100s 
to 1,000s.3 However, thermal amplitude (TA), or the highest tem-
perature at which the autoantibody is capable of mediating hemo-
lysis, is more indicative of its potential significance, with clinical-
ly-significant CAs displaying TA ³28-30°C.3 Unfortunately, the 
authors either did not test for, or at least report, the titer and TA 
of the implicated CA in this particular case. Moreover, additional 
tests to support a diagnosis of CAS, including a 4°C and a 37°C 
autocontrol and IAT and antibody specificity, were not reported. 

A drug history was not provided, and this is specifically relevant 
as antibiotics are often prescribed for upper respiratory infections 
and can present with drug-induced anemia with positive DAT, 
which is often found with cephalosporins.4 

Conversely, PCH is characterized by the Donath-Landsteiner 
(DL) antibody, which is almost invariably of the IgG isotype 
and directed against the P antigen on RBCs. This antibody was 
historically identified in patients with tertiary syphilis, but fol-
lowing the advent of effective antitreponemal therapy, it is now 
typically observed in the pediatric population following upper 
respiratory infection, with multiple cases described in association 
with adenovirus.5 The presence of systemic symptoms, marked 
anemia, and intravascular hemolysis with hemoglobinuria are 
all consistent with the findings of PCH.5 Furthermore, the DAT 
positive for C3 further supports this diagnosis; to confirm, a DL 
test or, at the very least, a CA titer and TA would have been 
informative. The DL antibody characteristically binds to RBCs in 
the cold (or in peripheral circulation) and fixes the initial stages 
of complement on the surface of RBCs. As the RBCs return to 
the core circulation, the antibody dissociates, and the comple-
ment cascade proceeds through the formation of the MAC and 
frequent intravascular hemolysis.

In addition to the diagnostic dilemma posed by this case, 
particularly in the absence of the requisite immunohematologic 
evaluation, the authors’ suggestion that plasmapheresis is help-
ful as a temporizing measure warrants addressing. While the 
American Society for Apheresis 2023 guideline supports thera-
peutic plasma exchange (TPE) as second- or third-line therapy 
in the setting of fulminant hemolysis unresponsive to initial 
therapies in patients with cold autoimmune hemolytic anemia,6 
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TPE is not effective at removing “sensitized RBCs”, despite the 
authors’ suggestion. Instead, TPE simply separates the patient’s 
blood into its components, and given that approximately 
60% of IgM is intravascular, removal and exchange of plasma 
will temporarily deplete the pathogenic IgM autoantibody. 
Moreover, while historically authors may have suggested that 
RBC units should be washed to reduce their plasma content, 
and therefore the complement, contemporary RBC products 
contain 15–30 mL of plasma, and no study has shown that 
this minimal plasma content contains sufficient complement 
to induce or prolong complement-mediated hemolysis. Thus, it 
is our professional opinion that washing, which can reduce the 
cellular content of blood products by as much as 30%, or oth-
erwise ‘plasma-reducing’, RBC units are both ineffective and 
a waste of resources.

In summary, we appreciate the report by Sion et al.1 
describing a young child with complement-mediated hemo-
lytic anemia; however, we caution readers from concluding 
this case represents “the first description of a child that had no 
known underlying malignancy or infectious disease typically 
associated with CAS” as suggested by the authors, given the 
lack of complete immunohematologic testing. Secondly, we 
maintain that there are currently more effective therapies 
than TPE in patients developing cold agglutinin disease, 
with several additional drugs, including upstream comple-
ment inhibitors such as sutimlimab-jome, on the horizon.7 
Finally, we suggest, in our collective expertise, that modifi-
cation to reduce the plasma content of RBCs is not required 
for this patient population, as this manipulation may induce 
more harm than benefit. 
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Reply to letter to the editor
Julia Loureiro Siona , Angelica Lucía Hidalgo Floresa ,  
Regina Aparecida Cardosoa , Marlene Pereira Garanitoa 

RESPONSE LETTER

Dear Editor of Revista Paulista de Pediatria (RPPed),
We thank you for the letter in which our article “Human 

adenovirus associated with severe cold agglutinin syndrome: a 
rare complication in Pediatrics” was appreciated. We will respond 
to all considerations within our limitations.

In their letter, the specialists shared concerns about the immu-
nohematological evaluation and Cold Agglutinin Syndrome 
(CAS) diagnosis. Regarding the immunohematological stud-
ies, our detailed results were: group O, Rh positive, polyspe-
cific direct antiglobulin test (DAT) positive just for C3d, with 
strong agglutination (4+). The monospecific DAT was negative 
for IgG. Indirect antiglobulin test (IAT) performed at 4, 22, 
and 37°C showed cold agglutinin antibodies reacting at 4°C, 
and the auto control was positive at 4°C and negative at 37°C. 
We did not test the antibody titers because the technique was 
not available in our laboratory. It is important to consider that, 
classically, autoimmune hemolytic anemia (AIHA) is charac-
terized by the presence of a cold agglutinin (CA) titer of 64 or 
higher at 4°C. However, according to recent literature, the titer 
level is less concordant with disease activity once hemolysis can 
occur with levels as low as <1:32.1,2

Regarding the drug history, it was not our intention to omit 
this data. This patient did not receive any antibiotics prior to 
the anemia, ruling out the diagnosis of drug-induced anemia.

We agree that therapeutic plasma exchange (TPE) is not 
effective at removing “sensitized red blood cells”. This procedure 
just temporarily depletes the pathogenic IgM autoantibody and 
may be helpful as a temporary measure in severe and selected 

cases in the acute phase of pediatric CAS secondary to infec-
tion. According to the “Guidelines on the Use of Therapeutic 
Apheresis in Clinical Practice – Evidence-Based Approach from 
the Writing Committee of the American Society for Apheresis: 
The Ninth Special Issue, 2023”, in severe Cold Agglutinin, TPE 
is category 2 (Disorders for which apheresis is accepted as sec-
ond-line therapy, either as a stand-alone treatment or in con-
junction with other modes of treatment).3

Regarding more effective therapies than TPE currently avail-
able for patients developing cold agglutinin disease (CAD), 
with several additional drugs, including upstream complement 
inhibitors such as sutimlimab-jome, to our knowledge, no evi-
dence-based therapy is available for CAS secondary to infec-
tion in pediatric patients. Prospective trials or well-designed 
retrospective series have not been published. As discussed in 
our report, according to Voulgaridou and Kalfa4 and Kin and 
Despotovic,5 steroid therapy or other immunosuppressive med-
ications are not indicated. The use of Rituximab is cited in rare 
case reports.6 For these reasons, plasmapheresis may be helpful as 
a temporizing measure until resolution of infection. CAD is an 
autoimmune hemolytic anemia associated with a clonal lymph-
oproliferative disorder. We agree that more effective therapies 
than TPE currently exist for adults with the disease. For exam-
ple, Sutimlimab and Bendamustine.7 We did not discuss CAD 
once it was not the objective of our report and these therapies 
are not available for pediatric patients.

We thank the specialists for taking the time to comment on 
our recently published case report.
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