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Cold agglutinin disease is an autoimmune disorder that is characterized by antibodies attacking polysaccha-
ride antigens on one’s own erythrocytes. In cold agglutinin disease, hemolysis occurs due to degeneration of 
erythrocyte membranes and autoagglutination of erythrocytes. Both autoagglutination and hemolysis alter 
many laboratory test results of the patients, especially complete blood count (CBC) and peripheral blood 
smear analyses. In our laboratory, we have encountered a blood sample of a 65-years-old man, who was 
independently diagnosed with cold agglutinin disease, and failed to produce meaningful CBC or peripheral 
blood smear analysis. Fresh blood samples were taken from the patient, and CBC and peripheral blood smear 
analyses were repeated with and without water bath incubation at 37 °C. Also, varying amounts of dithio
threitol (DTT) were added to fresh samples without heat treatment prior to blood analysis. Heat treatment at 
37 °C for varying lengths of time failed to improve CBC and peripheral blood smear analysis. On the other 
hand, addition of DTT into a blood sample of 2 ml in a K3-EDTA tube was sufficient to negate cold agglutina-
tion interference during both CBC and peripheral blood smear analyses. The presented method supports the 
potential for DTT to be used in negating cold agglutination interference during CBC and peripheral blood 
smear analyses of patients with cold agglutinin disease. The method we describe is very easy and quick with 
remarkable results. 

K e y  w o r d s: cold agglutinin disease, dithiothreitol, autoimmune hemolytic anemia. 

Cold agglutinin disease is an autoimmune 
disorder characterized by usually IgM type, 
and rarely IgA or IgG types, of antibodies 

directed against polysaccharide antigens on eryth-
rocytes [1]. These antigens are mostly part of the Ii 
blood system, which are linked to membrane gly-
cosphingolipids, or on the Pr glycophorin in rare 
cases [1]. Even though mycoplasma infection, lym-
phoma or an autoimmune disease is the usual sus-
pect, its etiology is idiopathic in general. Clinically, 
in addition to typical anemia symptoms, clotting of 
peripheral vessels, such as acrocyanosis in response 
to cold, livedo reticularis and skin ulcers, and diffi-
culty of and pain during swallowing cold liquids and 
foods could be observed. Jaundice and splenomegaly 

could be a part of the clinical manifestation. While 
the prevalence of cold agglutinin disease is specu-
lated to be about 10 cases per million in Europe, re-
liable epidemiologic statistics are missing. A study 
conducted across Norway has found an incidence 
rate of 1.0 case per million per year [2]. As such, ac-
curate identification of such a rare disorder is crucial 
for prognosis [3, 4]. 

In cold agglutinin disease, hemolysis occurs 
due to degeneration of erythrocyte membranes by 
antibodies activated in cold, as well as autoaggluti-
nation of erythrocytes [1, 4]. Both autoagglutination 
and hemolysis alter many laboratory test results of 
such patients. During complete blood count (CBC) 
analysis of these patients in particular, all parameters 
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are affected except for a few [5-7]. Peripheral blood 
smear is also of limited use due to autoagglutination. 
Heating in a water bath is utilized to overcome this 
interference, but this is neither generally effective 
nor very practical. Here, we present a remarkably 
practical method for negating such interference in 
this study. 

Materials and Methods

On a routine day at the laboratory, a techni-
cian informed the laboratory specialist that a par-
ticular CBC analysis produced abnormal and clini-
cally unexpected results, even though analysis was 
performed twice in two different instruments of 
the same model and that the blood sample itself ap-
peared clearer than normal with dark speckles. Con-
sequently, the laboratory specialist contacted the pa-
tient and invited him back to the laboratory so that a 
second blood sample could be taken. 

The patient was a 65-year-old male military 
veteran. The medical history of the patient revealed 
that initially cyanosis on toes and hands appeared 
after he had swum in a cold pond. He was then diag-
nosed with cold agglutinin disease by a hematologist 
at a different health facility by the cold agglutinin ti-
ter method. The patient suffered a severe infection of 
the respiratory tract afterwards and visited our hos-
pital with complaints of said infection, where blood 
tests were ordered. 

The blood samples were collected from the pa-
tient into 2-mL K3-EDTA tubes (BD Vacutainer®, 
Becton, Dickinson and Company, Franklin Lakes, 
NJ, USA) with a vacutainer system that utilizes 
vacuum for collecting blood, eliminating the use of 
syringes. The tube that was used for heat treatment 
was warmed in the water bath to 37 °C prior to sam-
ple collection and the sample was not allowed to cool 
before analysis. The dithiothreitol (DTT) (Sigma-
Aldrich, Missouri, USA) solution (0.01 M) was pre-
pared according to the manufacturer’s instructions 
and was kept at 4 °C away from direct light. DTT 
was not dispensed directly into the sample tube in 
fear of cross-reaction with EDTA, and was added 
immediately after blood collection. Afterwards, the 
tube was gently mixed on a tube rotator for a few 
minutes until speckles (agglutination) in the blood 
sample disappeared. CBC analysis was performed 
on two Beckman Coulter LH780 Hematology Ana-
lyzers (Beckman Coulter, CA, USA). 

Written informed consent was obtained from 
the patient prior to sample collection. 

Results and Discussion

The patient was called and invited back to the 
hospital, and two fresh blood samples were collected 
for further analysis. One of the tubes was incubated 
in a water bath at 37 °C. The other tube was used for 
CBC and peripheral blood smear (Table; Figure A). 
Unfortunately, 30, 60 and 120 minutes of water bath 

Complete blood count (CBC) of the patient. CBC re-
sults without dithiothreitol (DTT) are given on the 
left, while CBC results with added DTT are given on 
the right. Neither of the samples was heat-treated

Blood 
parameters* Without DTT With DTT

WBC, 109/l 12.9 7.0
NE, % 51.3 52.9
LY, % 40.8 36.5
MO, % 4.9 8.2
EO, % 1.9 2.1
BA, % 1.1 0.3
NE#, 109/l 6.6 3.7
LY#, 109/l 5.3 2.5
MO#, 109/l 0.6 0.6
EO#, 109/l 0.2 0.1
BA#, 109/l 0.1 0.0
RBC, 109/l 0.17 3.67
HGB, g/l 122 123
HCT, % 2.1 35.3
MCV, fL 126.4 96.3
MCH, pg NR† 33.2
MCHC, g/l NR 345
RDW, % 20.1 19.7
PLT, 109/l 280 269
MPV, fL 6.6 6.9
PCT,% 0.183 0.186
PDW, fL 18.3 17.6

*WBC, white blood cell; NE, neutrophil; LY, lympho-
cyte; MO, monocyte; EO, eosinophil; BA, basophil; 
RBC, red blood cell; HGB, hemoglobin; HCT, hemato-
crit; MCV, mean corpuscular volume; MCH, mean cor-
puscular hemoglobin; MCHC, mean corpuscular hemo-
globin concentration; RDW, red cell distribution width; 
PLT, platelet; MPV, mean platelet volume; PCT, platelet 
crit; PDW, platelet distribution width. †NR denotes no re-
sults were obtained. #Cell counts
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Fig. Peripheral blood smears of the patient. A –Smear without dithiothreitol (DTT); B – Smear with added 
DTT. Magnification, 400X

BA

incubation failed to improve the patient’s CBC and 
smear results (not shown). 

The laboratory specialists searched the litera-
ture on cold agglutinin disease subsequently. We 
then realized that we could utilize DTT in this case, 
which is used in our laboratory to eliminate immune 
complexes that occasionally arise during immuno-
fixation electrophoresis. Furthermore, Arndt, et al 
have reported their use of 0.01 M DDT solutions in 
serologic tests of cold agglutinin disease patients [8]. 
A solution of 0.01 M DDT was prepared in our labo-
ratory. The patient gave four fresh 2-ml blood sam-
ples that were collected in K3-EDTA tubes. 5, 10, 25 
or 50 μl of 0.01 M DDT solution was added to each 
tube. These samples were then used for peripheral 
blood smear and CBC analysis. The hemoglobin 
concentration of the patient was used as reference 
during CBC analysis, in order to compensate for 
the dilution effect. This is because hemoglobin is 
measured by optical density and thus not affected 
by cold agglutination interference [5, 6]. As a result, 
we found that the optimal additional DTT amounts 
were 5 and 10 μl of the solution. Nonetheless, when 
the peripheral blood smears were observed, local 
agglutination of erythrocytes and bridging between 
numerous erythrocytes were recorded in the sample 
supplemented with 5 μl of DTT solution. In conclu-
sion, an addition of 10 μl of 0.01 M DTT solution 
into a blood sample of 2 ml in a K3-EDTA tube is 
sufficient to negate cold agglutination interference 
during both CBC and peripheral blood smear analy-
sis of patients with cold agglutinin disease (Table; 
Figure B). 

CBC is a frequently used test for assessment 
of general health status. Leukocyte, erythrocyte and 

platelet counts, and corresponding indexes are de-
termined by CBC analysis, which provide clinicians 
crucial information for the diagnosis and follow-up 
of anemias, acute or chronic diseases, hemorrhage 
propensity, blood cell anomalies and malignancies. 
Due to antibodies formed against erythrocyte anti-
gens in cold agglutinin disease patients, CBC can-
not be performed accurately, and many parameters 
of these patients, including white blood cell count, 
red blood cell count, mean corpuscular volume and 
mean corpuscular hemoglobin concentration in par-
ticular, cannot be determined [5-7]. Unfortunately, 
peripheral blood smears of these patients also fail 
to produce valid results. Incubation in water bath at 
37 °C is commonly used for negating cold agglutina-
tion interference in such patients, but this process, 
as in this case, is often ineffective, not to mention 
time-consuming and tiresome. 

DTT (also known as Cleland’s reagent) is a 
small redox molecule with the chemical formula 
C4H10O2S2. It is generally used for reducing intra-
molecular and intermolecular disulfide bonds found 
in proteins. DTT impairs immunoglobulin func-
tion by disrupting their disulfide bonds. Because of 
these properties, DTT can be utilized for negating 
cold agglutination interference seen in cold aggluti-
nin disease patients [9, 10]. Another substance that 
depolymerizes immunoglobulins by disrupting di-
sulfide bonds is 2-mercaptoethanol (2-ME). It has 
been shown that both DTT and 2-ME could be used 
for negating IgM agglutination in human sera during 
Brucella antibody screens [11]. Thus, in case DTT is 
absent in the laboratory, 2-ME may be added to sam-
ples instead prior to blood analysis of cold agglutinin 
patients. However, this was not tested in our study.  
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Even though cold agglutinin disease is a rare 
disorder, preventing the interference of cold aggluti-
nation for CBC and peripheral blood smear analysis 
is difficult, time-consuming and tiresome. As pre-
sented in this report, we have used DTT to negate 
cold agglutination interference in such patient during 
CBC and peripheral blood smear tests. This novel 
method is remarkably practical and has the poten-
tial for allowing the clinician to assess the results 
of CBC and peripheral blood smear with ease and 
reliability. 

The main limitation of this study is that only a 
single patient was involved, which is due to the low 
incidence of cold agglutinin disease cases. Further 
samples with cold agglutination need to be treated 
as described here in order to confirm the efficacy of 
our method. Although DTT is used for eliminating 
immune complexes in a number of established bio-
chemical procedures, its use for negating cold agglu-
tination during blood tests is described for the first 
time in this study. Because of this novelty, techni-
cal concerns arise, such as whether DTT in samples 
affects readings in a hematology analyzer, which 
should be addressed in a future more extensive 
study. Finally, we have not established whether, and 
if so, when the negating effect of DTT diminishes 
after a certain period, which is a valid possibility.  
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Хвороба холодових аглютинінів – 
автоімунне захворювання, при якому антитіла 
атакують полісахаридні антигени на влас-
них еритроцитах. Аглютинація та гемоліз 
еритроцитів призводять до хибних результатів 

багатьох лабораторних досліджень у пацієнтів 
з цим захворюванням, особливо результатів 
загального аналізу крові (ЗАК) та мазків 
периферичної крові. У нашій лабораторії 
ми зіткнулися зі зразком крові 65-річного 
чоловіка, в якого було діагностовано хворо-
бу холодових аглютинінів і не вдавалося от-
римати вірогідні результати ЗАК або аналізу 
мазків периферичної крові. У пацієнта було 
відібрано свіжі зразки крові і проведено по-
вторно ЗАК і аналіз мазків периферичної крові 
з/без інкубування на водяній бані при 37 °С. 
Крім того, до зразків крові, які не піддавалися 
термічній обробці, перед проведенням аналізу, 
додавали різну кількість дітіотреїтолу (ДТТ). 
Термічна обробка при 37 °С різної тривалості не 
дозволила поліпшити результати ЗАК і аналізу 
мазків периферичної крові. У той самий час, до-
давання ДТТ до зразків крові в 2-мл пробірках 
K3-EDTA дозволило уникнути впливу проце-
су холодової аглютинації на результати ЗАК і 
мазків периферичної крові. Наведений метод 
свідчить про перспективність застосування ДТТ 
для усунення негативного впливу холодової 
аглютинації за проведення ЗАК і аналізу мазків 
периферичної крові в пацієнтів із хворобою хо-
лодових аглютинінів. Перевагами методу є його 
простота та швидкість.

К л ю ч о в і  с л о в а: хвороба холодо-
вих аглютинінів, дітіотреїтол, автоімунна 
гемолітична анемія.

Новый метод с 
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холодовой агглютинации на 
результаты анализа крови (a 
case study)
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Болезнь холодовых агглютининов – ауто-
иммунное заболевание, при котором антитела 
атакуют полисахаридные антигены на собствен-
ных эритроцитах. Агглютинация и гемолиз 
эритроцитов искажают многие результаты ла-
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бораторных исследований у пациентов с этим 
заболеванием, особенно результаты общего 
анализа крови (ОАК) и мазков периферической 
крови. В нашей лаборатории мы столкнулись с 
образцом крови 65-летнего мужчины, у кото-
рого была диагностирована болезнь холодовых 
агглютининов, и не удавалось получить досто-
верные результаты ОАК или анализа мазков 
периферической крови. У пациента были ото-
браны свежие образцы крови и повторно про-
ведены ОАК и анализ мазков периферической 
крови с/без инкубирования на водяной бане при 
37 °С. Кроме того, к образцам крови, которые 
не подвергались термической обработке, перед 
проведением анализа, добавляли различное ко-
личество дитиотреитола (ДТТ). Термическая 
обработка при 37 °С различной продолжитель-
ности не позволила улучшить результаты ОАК 
и анализа мазков периферической крови. В то же 
время, добавление ДТТ к образцам крови в 2-мл 
пробирках K3-EDTA позволило избежать влия
ния процесса холодовой агглютинации на ре-
зультаты ОАК и мазков периферической крови. 
Представленный метод свидетельствует о пер-
спективности применения ДТТ для устранения 
негативного влияния холодовой агглютинации 
при проведении ОАК и анализа мазков перифе-
рической крови у пациентов с болезнью холо-
довых агглютининов. Преимуществами метода 
являются его простота и скорость.

К л ю ч е в ы е  с л о в а: болезнь холодовых 
агглютининов, дитиотреитол, аутоиммунная ге-
молитическая анемия.
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