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abstract
The erythrogram is one of the components of the blood count that includes red blood cell (RBC) quantification and evaluation. A correct
interpretation and validation of the results obtained in an erythrogram require experience and critical awareness of health professionals. It is
imperative to evaluate the interference of physiological variables, collection procedures, manipulation of samples and endogenous variables
(such as the presence of cold agglutinin autoantibodies), since these may falsify the results obtained. Cold agglutinin autoantibodies are
predominantly immunoglobulin type M (IgM), which cause agglutination of RBC at temperatures below 37°C, and may appear in cases
of autoimmune hemolytic anemia and atypical pneumonia, among other pathologies. The presence of erythrocyte agglutination interferes
with RBC and reticulocyte counts, determination of the globular volume and the blood count indices. A set of laboratorial procedures may
be performed in order to eliminate the interference of these agglutinins in the results of the erythrogram. If these procedures do not correct
the values obtained, the only result of the erythrogram that can be validated is hemoglobin, since the remaining results are falsified due
to the presence of cold agglutinin autoantibodies.
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Introduction
The blood count is currently one of the most frequently
prescribed laboratory tests and is frequently used as an aid
in screening, diagnosis and monitoring the many different
pathologies(1). This laboratory test is divided into erythrogram,
leukogram and thrombogram, including quantification and
morphological evaluation of red blood cells (RBC)(1, 2). The
erythrogram includes RBC quantification and evaluation, as well
as RBC, hemoglobin (HGB) and hematocrit (HCT) count and
RBC indices: mean corpuscular volume (MCV), mean corpuscular
hemoglobin (MHC), mean corpuscular hemoglobin concentration
(MCHC) and red blood cell distribution width (RDW or RDW-CV or

RCDW and RDW-SD)(1-3). For a correct interpretation and validation
of the results obtained in an erythrogram it is imperative to take
into account that physiological variables, collection procedures,
manipulation of samples and endogenous variables are able to
falsify the results obtained(4, 5). One of the endogenous variables that
may compromise the results is the presence of cold agglutinins,
first described by Landsteine in 1903(5). These autoantibodies,
predominantly immunoglobulin class M (IgM), may appear in
some patients with autoimmune hemolytic anemia and atypical
pneumonia, among other pathologies(6, 7). Cold agglutinins cause
erythrocytes agglutination at temperatures below 37°C, interfering
with RBC and reticulocytes counts, and the determination of
globular volume and RBC indices(7, 8).
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Case report
An 85-year-old female patient diagnosed with autoimmune
hemolytic anemia (cold agglutinins) underwent routine analysis.
A peripheral venous blood sample was collected in an anticoagulant
tube (EDTAK3, 3 ml, VACUETTE®, Premium, Greiner Bio-one,
Austria) and then processed on the XN-2000 autoanalyzer (Sysmex
Corporation, Kobe, Japan). Four different procedures to analyze the
sample were performed in order to evaluate the interference of
the cold agglutinin autoantibodies in the erythrogram results:
• procedure I – sample analysis without any pretreatment.
The sample followed the normal laboratory processing circuit
being collected and transported to the laboratory for analysis. This
transport occurred at room temperature (below 37°C);
• procedure II – sample was incubated in an laboratory oven
at 37°C for 30 minutes;
• procedure III – sample was incubated in water bath at 37°C
for 30 minutes;
• procedure IV – sample was centrifuged at 3500 rpm for
10 minutes. Plasma volume replacement (in this case 1.5 ml)
by equal volume of saline 0.85%. Sample homogenization and
incubation in water bath at 37°C for 30 minutes.
The results obtained for the four procedures, referring to the
different parameters that compose the erythrogram, are shown in
Table.
Table − Results of the erythrogram for procedures I, II, III and IV

Results
Procedure I
Procedure II
Procedure III
Procedure IV

RBC HGB
(106/ul) (g/dl)
0.19
10
1.49
9.6
1.97
9.7
3.19
9.9

Erythrogram (units)
HCT MCV MCH MCHC RDW-SD RDW-CV
(%) (fl) (pg) (g/dl) (fl)
(%)
2 105.3 526.3 500
52.4
28.9
16.9 113.4 64.4 56.8
n.d.
n.d.
21.6 109.6 49.2 44.9
n.d.
n.d.
29.6 92.8 31
33.4
56.3
16.8

RBC: red blood cell; HGB: hemoglobin; HCT: hematocrit; MCV: mean corpuscular
volume; MCH: mean corpuscular hemoglobin; MCHC: mean corpuscular hemoglobin
concentration; RDW-SD: distribution range of erythrocytes measured as standard
deviation; RDW-CV: distribution range of erythrocytes measured as coefficient of variation;
n.d.: not determined.

Discussion
Cold agglutinins at low titers (1:32) may be present in
children and adults without causing any problem or pathology,
but at high titers (greater than 1:1000) may cause hemolysis(9).
These predominantly IgM autoantibodies may be monoclonal or
polyclonal, each one having a different etiology and prognosis(10).
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Hemolytic anemia caused by cold agglutinin autoantibodies
may be of primary origin (association of hemolytic anemia with
Raynaud’s phenomenon) or of secondary origin, in response to
an infectious process [e.g., Mycoplasma pneumoniae, infectious
mononucleosis, cytomegalovirus, human immunodeficiency virus
(HIV)], as well as in neoplasms (lymphomas, chronic lymphocytic
leukemia) or induction by certain drugs(11).
Although these antibodies react better at 4°C, pathological cold
agglutinin autoantibodies are more reactive at 28°C-31°C(12-14).
RBC agglutination is reversible with increasing temperature
occurring both in vitro and in vivo(12, 13). In the present case,
the agglutination in vitro due to a decrease in temperature was
first detected macroscopically by the presence of small clusters of
RBC along the wall of the collection tube with anticoagulant and,
subsequently, microscopically by the observation of RBC clusters in
the peripheral blood smear.
The presence of cold agglutinin autoantibodies may cause
serious problems in the laboratory diagnosis in the determination
of blood groups, due to the interference of hemolysis in some
biochemical parameters and the interference in erythrogram
results due to erythrocytes aggregation(8).
The rule of the three principles is a valuable tool for beginning
the interpretation of erythrogram results. According to this rule, the
hematocrit result is obtained by multiplying the hemoglobin
value by three, and the hemoglobin result can be obtained by
multiplying the number of RBC by three(11). However, this rule
has a counterpart, since it can only be used in patients with
normal values(12). The presence of results that do not comply
with the formulas presented should refer to the search for
significant changes in the RBC indices, as well as the observation
of the erythrocyte morphology in the peripheral blood smear(1).
The RBC indices (MCV, MCH and MCHC) are a valuable tool
for the analysis and interpretation of the erythrogram, amongst
these indices, we should pay particular attention to MCHC, since this
parameter is not only an indicator of color but also an indicator of
problems with the sample (MCHC normal value is 30 to 36 g/dl)(1, 11).
The presence of cold agglutinin autoantibodies is one of the most
frequent cases of a false positive result for MCHC(12, 14, 15).
In the case presented, an 85-year-old female patient diagnosed
with autoimmune hemolytic anemia (cold antibodies), we verified
in procedure I, that the rule of three was violated, since the presence
of RBC aggregates is counted by the autoanalyzer as a single RBC,
it resulted in low RBC counts and therefore decreased HCT. In this
case, the HGB assay was not inferred as the only real parameter to
be validated, obtaining physiologically impossible values of MCH
and MCHC. The sample warming at 37°C (procedure II) aimed at
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reducing the inference of the cold agglutinin autoantibodies and,
although the results improved considerably, the HGB would be
the only result to be validated. The inclusion of the procedure III
appeared in the attempt to improve the results obtained, since the
warming in water bath allows a uniform heating of the sample, thus
improving the performance of procedure II. In spite of a significant
improvement of the results, the inclusion of the procedure IV
was fundamental to obtain results within the reference values.
Plasma replacement by saline allowed the removal of some of the
cold agglutinin autoantibodies, and obtaining results within
the reference values allowed their validation.

Conclusion
The interference of cold agglutinin autoantibodies in the
erythrogram results can be solved through a set of laboratory
procedures. However, it is not always possible to solve this problem,
so the laboratory will have to rely on the professionals’ experience so
that false results are not validated, in which cases only the
hemoglobin result may be validate. This procedure must always
be complemented with visualization of a peripheral blood smear
and its description in order to guide the clinician for an assertive
diagnosis.

resumo
O eritrograma é um dos componentes do hemograma que inclui a quantificação e a avaliação eritrocitária. Uma correta
interpretação e validação dos resultados obtidos em um eritrograma requer experiência e sentido crítico dos profissionais de saúde.
Torna-se imperativo avaliar a interferência de variáveis fisiológicas e de colheita, a manipulação das amostras e as variáveis
endógenas (como a presença de crioaglutininas), uma vez que estas podem falsear os resultados obtidos. As crioaglutininas são
autoanticorpos predominantemente do tipo imunoglobulina da classe M (IgM), as quais provocam aglutinação dos eritrócitos a
temperaturas inferiores a 37°C, podendo aparecer em casos de anemia hemolítica autoimune e pneumonias atípicas, entre outras
patologias. A presença de aglutinação eritrocitária interfere na contagem de eritrócitos, reticulócitos, determinação do volume
globular e dos índices hematimétricos. Laboratorialmente, existe um conjunto de procedimentos que podem ser executados de
modo a eliminar a interferência dessas aglutininas nos resultados do eritrograma. Caso esses procedimentos não corrijam os
valores obtidos, o único resultado do eritrograma que poderá ser validado é o da hemoglobina, visto que os resultados restantes
estão falseados devido à presença de crioaglutininas.
Unitermos: eritrograma; crioaglutininas; interferências.
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