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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.
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( j old 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 1 \ithout DTT | With DTT
parameters
WBC, 101 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#, 101 6.6 3.7
LY#, 10°/1 53 2.5
MO#, 10%/1 0.6 0.6
EO#, 10°/1 0.2 0.1
BA#, 1071 0.1 0.0
RBC, 101 0.17 3.67
HGB, g/l 122 123
HCT, % 2.1 353
MCYV, fL 126.4 96.3
MCH, pg NR' 33.2
MCHC, g/l NR 345
RDW, % 20.1 19.7
PLT, 109/1 280 269
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

117



ISSN 2409-4943. Ukr. Biochem. J., 2017, Vol. 89, N 2

Fig. Peripheral blood smears of the patient. A —Smear without dithiothreitol (DTT); B — Smear with added
DTT. Magnification, 400X

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 [§].
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 pl 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 pl 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 pl of DTT solution. In conclu-
sion, an addition of 10 pl 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
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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
C,H,O,S,. 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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XBopoOa  XOJIOZIOBUX  arIIOTHHIHIB — —
ABTOIMYHHE 3aXBOPIOBaHHS, NMPH SKOMY aHTHUTINa
aTaKyloTh IMOJicaxapuHi aHTUTCHH Ha BJac-
HUX CPUTPOIMTAX. ATNIOTHHAISI Ta TEMOII3
EPUTPOIUTIB MPU3BOJSTH IO XUOHUX PE3YIIbTATIB

0aratbox JIa0OpaTOPHUX JOCII)KCHb y MAIli€HTIB
3 IUM 3aXBOPIOBaHHSM, OCOOJIMBO pe3yJbTaTiB
3arajgpHOro anamizy kpoBi (3AK) Ta ma3skiB
nepudepuuHoi KpoBi. Y Hamid Jgaboparopii
MU 3ITKHYJHCS 31 3pa3KoM KpoBi 65-piyHOrO
YOJIOBIKa, B SIKOrO OyJO AiarHOCTOBaHO XBOPO-
Oy XOJIOJIOBHX AarJIFOTHHIHIB 1 HE BJABaJIOCS OT-
pumaru BiporinHi pesynsratn 3AK abo anamizy
Ma3kiB mnepudeprndHoi KpoBi. Y mnamieHTa OyJo
BiiOpaHO CBIKiI 3pa3KdW KpOBI 1 MPOBENEHO MO-
BropHOo 3AK i aHamiz Ma3kiB nepudepuyHOi KpoOBi
3/0e3 iHkyOyBaHHs Ha BojasHiNA Oani npu 37 °C.
Kpim Toro, 1o 3pa3kiB KpoBi, sIKi HE IiJJJaBaJIuCI
TepMidHiil 00poOLi, mepe] MpOBeACHHSIM aHaJi3y,
JolaBalii Pi3HY KiJnbKicTh Aitiorpeitony (ATT).
Tepmiuna oOpoOka ripu 37 °C pi3HOI TPUBAJIOCTI HE
Jo3Bosinia nominmuTh pesynsrat 3AK 1 anamizy
Ma3KiB nepudepuuHoi KpoBi. Y Tol cammii yac, 10-
naBanus JITT no 3paskiB KpoBi B 2-Mi1 poOipKax
K3-EDTA 103BOJMJIO YHMKHYTH BIUIMBY IpOIie-
Cy XONOmoBOiI aritoTuHamii Ha pesynbratu 3AK i
Ma3kiB nepudepuyHoi kpoi. HaBemeHuii meTon
CBIAYMTH PO MEPCIEKTUBHICTH 3acTocyBaHHs ATT
JUISl YCYHEHHsI HETaTUBHOTO BILIUBY XOJIOAOBOI
armioTrHarii 3a nposeneHHs 3AK i aHanmizy Ma3kiB
nepuepuvHoi KpoBi B MAIIEHTIB 13 XBOPOOOIO XO-
JIONOBUX armioTHHIHIB. [lepeBaramu MeToxy € Horo
MPOCTOTA Ta NIBUJKICTb.

Kamo4goBi
BUX aIJIIOTHHIHIB,
reMOJIITUYHA aHEMIS.
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BonesHp X0JIOMOBBIX arrIlOTHHUHOB — ayTO-
UMMYHHOE 3a00JieBaHUE, TPU KOTOPOM aHTHUTEa
aTaKyOT MOJIUCaXapHIHbIC AaHTUTECHBI HA COOCTBEH-
HBIX OJPHUTPOUHTAX. ATTIIOTHHANMNS WU TEMOJIU3
SPUTPOIUTOB HCKAKAIOT MHOTHE PE3yNIbTaThHl Jia-
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OOpaTOPHBIX MCCIEAOBAHUN y MALUEHTOB C 3TUM
3a00JIeBaHNEM, OCOOCHHO pe3yNbTaThl OOLIEro
ananmmza kposu (OAK) u mMa3koB nepudepuueckoit
KpoBH. B Hamiell 1abopaTopru Mbl CTOJIKHYJIHCH C
00pa3ioM KpoBU OS5-JE€THEro MY KUHHBI, Y KOTO-
poro ObLIa TUATHOCTUPOBaHA OOJIE3HB XOJIOMAOBBIX
arrJlOTUHUHOB, M HE yJIaBaJIOCh MOJIYYUTh JOCTO-
BepHble pe3yibsrarbl OAK wmnm ananmsa Ma3KoB
nepudeprudeckol KpoBu. Y manueHTa OBbLIU OTO-
Opanbl cBexxue 00pas3lbl KPOBU M MOBTOPHO IPO-
Benenbl OAK u aHanu3 ma3koB nepudeprudeckoit
KpoBH ¢/0e3 NHKYyOHUPOBaHUS Ha BOASTHOW OaHe Mpu
37 °C. Kpome Toro, x obpasuam KpoBH, KOTOpbIC
HE TO/IBEpPrajiuch TepMUYECKol 00paboTKe, mepen
MPOBEICHUEM aHaJIn3a, J00aBISIN Pa3IudHOE KO-
nuuectBo nutuorpeutona (UTT). Tepmuueckas
oOpaboTka nipu 37 °C pa3u4HON MPOIOIKUTEIb-
HOCTH HE MO3BOJMJIA yIy4dlIuTh pe3yiaprarsl OAK
W aHaJIM3a Ma3KoB Niepudeprudeckoi KpoBu. B To xe
Bpemsi, noodasienue JITT k oOpa3iam KpoBu B 2-MJ
npobupkax K3-EDTA mno3Bonunio u3boexarb BiIus-
HHUSI TIpoLiecca XOJIOIOBOM arryiloTHHAIMU Ha pe-
synbratel OAK 1 Ma3koB nepudepruieckoil KpoBH.
IIpencraBneHHbI METON CBUAECTEIBCTBYET O MEP-
crnexktuBHocTU npumeHeHus JTT nns ycrpanenus
HEraTUBHOTO BJIMSHMS XOJOAOBOM arrioTHHAIIMU
npu npoegennn OAK n aHanmn3a mMa3KkoB nepude-
PHYECKOH KPOBH y MAIMEHTOB C OOJIE3HBIO XOJIO-
JIOBBIX arTIIOTHHHUHOB. [IpeumymiecTBamu MeTona
SIBJISIFOTCS €r0 IIPOCTOTA U CKOPOCTb.

KnioueBble cnoBa: 00Je3Hb XOJIOAOBBIX
AITIIFOTUHHUHOB, AIUTUOTPCUTOJI, ayTOUMMYHHAs re-
MOJIMTHYCCKAA aHCMUA.
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