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OF ERYTHROCYTES CAUSED BY THE PATIENT’S
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Abstract. The aim of the work was to study the agglutination and hemolysis of eryth-
rocytes under different conditions in vitro in a patient with unknown cause of anemia
and concomitant secondary instability of endoprosthesis. Material and methods. One
percent (1%) suspension of erythrocytes of a woman, 61 years old, A (ll) Rh- (negative)
presented with anemia was incubated with her serum and plasma at pH 7.3, pH 5.8 and
9.0, as well as with IgM a and 8 antibodies. Unithiol was used to destroy IgM antibodies.
The samples were incubated for 12 hours at 37° C, and the presence of the agglutination
and hemolysis was evaluated. Results. The incubation of the plasma with unwashed
erythrocytes of the patient led to the agglutination of the erythrocytes and the usage of
the complement led to the hemolysis. After inactivation of IgM in the plasma the aggluti-
nation was absent and the hemolysis was present under usual conditions and at pH 5.8,
whereas at pH 8.0 the hemolysis was attenuated, however a slight degree agglutination
appeared. The usage of the complement led to the agglutination and the hemolysis,
absent at pH 8.0. The plasma incubated with washed red blood cells and the comple-
ment led to the hemolysis. The incubation of the serum with washed erythrocytes led to
the hemolysis at pH 5.8, attenuated after the usage of the complement. The contact of
terbinophine with plasma and unwashed red blood cells led to the absence of both the
hemolysis and the agglutination. Candida lusitaniae growth was detected in the plasma.
Conclusions. The agglutination of unwashed erythrocytes by own plasma, attenuated
in the alkaline medium and enhanced in the acid medium, as well as the absence of the
agglutination after the usage of terbinophine and the hemolysis in the presence of the
complement might be the signs of mycogenic and autoimmune origin of anemia with the
activation of autoimmune complement — binding antibodies.
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INTRODUCTION

utoagglutination, known as agglutination of
Aerythrocytes by a subject's own serum, can
occur in the course of different autoimmune
disorders. Red blood cell (RBC) autoantibodies have
variable clinical significance — from benign to life-

threatening scenarios and may signal an underlying
disease [1].

RBC autoantibodies increase with age and can be
warm-reacting, if they act at 37°C, or cold-reacting,
if the optimal temperature is less than 30°C [2, 3].
Cold-reacting agglutinins are known to result from
infections with mycoplasma, infectious mononucleo-
sis, lymphoid malignant disorders and are potent to
fix the complement, that may lead to the hemolysis
and agglutination when patients are exposed to low
temperatures.

In autoimmune hemolytic anemia (AIHA) antibodies
act on the erythrocytes at temperatures below 37°C,
with their maximal activity at 4°C without hemolysis.
The antibodies are mostly of the IgM class and partly
of the I9G. The diagnosis of auto-agglutination can be
confirmed by the direct antiglobulin test (DAT) using
Coomb’s serum [4], polyspecific antihuman globulin,
with positive reactivity for erythrocytes coated with
immunoglobulins or complement in 75% of cases. A
positive DAT may occur in cases of IgG sensitization.

Warm RBC autoantibodies were associated with B-
cell lymphomas, macroglobulinemias, autoimmune
disorders, systemic lupus erythematosus and may
also cause AIHA. Patients with warm RBC autoan-
tibodies do not present spontaneous agglutination of
the erythrocytes, but can have severe hemolysis with
symptoms of anemia. Warm RBC autoantibodies
are detected with the help of monospecific anti-IgG,
whereas cold RBC autoantibodies — with monospe-
cific anticomplement reagents.

The optimal method for removing the autoantibody
is adsorption. Chloroquine or enzymes are used to
remove the autoantibodies bound on the erythro-
cytes, which are then incubated with the patient’s se-
rum, that causes absorption of the autoantibodies on
RBC, leaving alloantibodies for identification.

The significance of RBC autoantibodies in a com-
plicated course of the postoperative period has not
been well understood.

Therefore, we performed a study about the causative
agents of auto-agglutination in a patient with infec-
tious complications after surgery.

MATERIALS AND METHODS

A blood sample for the study was drawn from a
61-year-old female patient with a secondary instabil-
ity of the right knee joint two months after the removal
of her endoprosthesis and replacement of the defect
with a metal-cement spacer. To obtain the serum, the
blood was kept during 30 minutes at 20°C and then
centrifuged at 1500 rpm for 15 minutes. The erythro-
cytes and plasma were obtained after adding heparin
(in dilution — heparin:whole blood = 1:100). The red
blood cells were also obtained from non-heparinized
blood after removal of the serum. Unwashed and
washed red blood cells were used. The erythrocytes
were washed three times with a buffered 0.9% NaCl
solution (pH 7.3) by centrifugation at 1000 rpm for
10 minutes and removal of the supernatant. The ag-
glutination reaction was used to determine the group-
specific characteristics. The patient’s erythrocytes
were grouped as A (II) Rh — (negative). A drop of 1%
red cell suspension was incubated with the patient’s
own serum or plasma at pH 7.3 and also in buffer
solutions with pH 5.8 and 9.0, as well as with IgM a
and B antibodies (MyBioSource, USA). Unithiol was
used to destroy antibodies of the IgM class in the se-
rum and plasma. The complement of the guinea pig
(Pharmstandard-Biolek, Ukraine) was used in dilu-
tion with the serum or plasma in proportion 1:1. The
samples were placed in a thermostat for 12 hours at
37°C, and the presence of agglutination, hemolysis
and shadows of red blood cells was evaluated. The
hemagglutination reaction of erythrocytes was as-
sessed visually and under a microscope, taking into
account both the titer and the agglutination intensity
(according to Score) [5]. The severity of the comple-
ment-dependent hemolysis of the erythrocytes was
assessed visually and spectrophotometrically at a
560 nm wavelength [6]. Positive control for the pres-
ence of hemolysis and agglutination was achieved
with a sample of the erythrocytes under the exposure
of 0.4% NaCl solution (osmotic hemolysis), negative
control — with 0.9% NaCl solution. 0.1 M Na2HPO4/
NaH2PO4 buffer systems with pH 5.8 and 8.0 were
used in the experiment. The pH of the medium was
monitored with an universal ionomer EV-74 using mi-
croelectrodes.

RESULTS

Complete blood count of the patient revealed an in-
crease in stab neutrophils to 7%, eosinophils to 2%
and ESR to 20 mm/h, as well as decreases of hemo-
globin to 102 g/l and red blood cells to 4.01 x 102 g/I.
The biochemical analysis of the blood found an in-
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crease of glycoproteins up to 0.62 g/l. Bacteriological
investigation of the synovial fluid showed no growth.
Morphological examination of the synovial fluid re-
vealed the following: yellow color, cloudy, bloody pre-
cipitate, cell number = 0.1x109/1, neutrophils = 25%,
synoviocytes = 9%, macrophages = 2% and erythro-
cytes = in the entire field of the view.

Investigation of agglutination and hemolysis with
unwashed erythrocytes

Incubation of the plasma of the blood group (II) A (B,
anti-B) Rh — with unwashed erythrocytes in a thermo-
stat at 37°C for 12 hours resulted in a severe aggluti-
nation with a transparent supernatant (Table 1). After
the plasma came in contact with erythrocytes at 20°C
the agglutination was not observed.

After addition of the complement to the plasma with
unwashed erythrocytes, the agglutination was atten-
uated, but the hemolysis was present, with the super-
natant becoming pink colored.

To define the degree of the agglutination at different
pH, plasma and unwashed erythrocytes were kept at
pH 5.8 and 8.0. Thus, at pH 5.8 the agglutination was
present, however at pH 8.0 the agglutination was at-
tenuated.

To destroy the antibodies of IgM class in the plasma
we applied unithiol, that led to the disappearance of
the agglutination at usual conditions and at pH 5.8,
with the supernatant becoming red colored. At pH 8.0
the supernatant remained transparent and a slight
degree agglutination appeared. After the comple-
ment came in contact with unwashed erythrocytes
and plasma treated with unithiol under normal condi-
tions the agglutination with shadows of erythrocytes
was revealed, but was absent at pH 8.0.

The contact of the serum with unwashed erythro-
cytes, both with and without the complement, did not
lead to the agglutination and discoloration of the su-
pernatant.

The addition of unithiol to the patient’s serum led to
the turbidity of the supernatant after the contact with
unwashed erythrocytes. At pH 5.8 the supernatant
was more turbid and at pH 8.0 — more transparent.

The contact of the complement with the erythro-
cytes and the serum treated with unithiol preserved
the transparency of the supernatant, however at pH
5.8 the supernatant was turbid, whereas at pH 8.0 —
more transparent.

To determine the factors of the plasma, inducing the
agglutination and complement-dependent hemolysis,
we performed an incubation of the erythrocytes with
standard IgM a and 3 and the complement as for the
control.

The contact of IgM a with unwashed erythrocytes led
to the red coloration of the supernatant and the ag-
glutination. At pH 5.8 and 8.0 the hemolysis and the
agglutination were also observed. The similar results
were observed after the addition of the complement,
but the erythrocytes under the microscope were larg-
er in size and at pH 8.0 — somewhat smaller.

The reaction of IgM B with unwashed erythrocytes
and the complement resulted in a transparent green
supernatant and absence of the agglutination, at pH
5.8 —in a turbid green supernatant without the agglu-
tination and at pH 8.0 — in a transparent green super-
natant without the agglutination.

The contact of unithiol-destroyed IgM a with un-
washed erythrocytes and the complement led to a
turbid supernatant and attenuation of the aggluti-
nation, at pH 5.8 — to the turbid supernatant and
a high degree agglutination and at pH 8.0 — to the
transparent supernatant and disappearance of the
agglutination.

The contact of unithiol-destroyed IgM [ with un-
washed erythrocytes and the complement led to the
hemolysis and a turbid supernatant, at pH 5.8 — to the
severe agglutination and a turbid supernatant, with-
out hemolysis, and at pH 8.0 — to a pink supernatant
and a large percentage of destroyed RBCs.

Investigation of agglutination and hemolysis with
washed erythrocytes

When plasma was incubated with washed erythro-
cytes we did not observe the agglutination and he-
molysis either at normal conditions or at pH 5.8, but
an addition of the complement led to the hemolysis
with a pink colored supernatant without agglutina-
tion, whereas at pH 5.8 the hemolysis was not ob-
served. The incubation of the serum with washed
erythrocytes did not lead to the agglutination and
hemolysis, however, at pH 5.8 the hemolysis was
present. The addition of the complement to the se-
rum and washed erythrocytes did not cause the ag-
glutination and hemolysis, and at pH 5.8 the super-
natant was more transparent without agglutination.
When plasma was incubated with washed nonhepa-
rinized erythrocytes we observed the agglutination
without hemolysis.

While the incubation of the serum with washed non-
heparinized erythrocytes at pH 5.8 the hemolysis and
the agglutination did not develop either, however an
addition of the complement, as well as in the reaction
with heparinized RBCs, resulted in the appearance of
the hemolysis without agglutination and at pH 5.8 the
hemolysis was not observed either, however signs of
weak agglutination were found.
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The destruction of IgM a by unithiol in the reaction
with the complement and washed erythrocytes led
to a turbid red supernatant and hemolysis, but the
agglutination observed with unwashed erythrocytes
was absent both under usual conditions and at pH
5.8. At pH 8.0 the agglutination and hemolysis, as
well as with unwashed erythrocytes, were absent, but
the erythrocytes appeared to be smaller under the
microscope.

After the usage of IgM B antibodies the hemolysis
was not revealed, but after being destroyed, even
with an addition of the complement the hemolysis ap-
peared, apparently demonstrating the protective role
of IgM B antibodies.

In contrast to the reactions with unwashed erythro-
cytes, the destruction of IgM B by unithiol with the
usage of washed erythrocytes and the complement
led to the absence of the hemolysis under usual con-
ditions and at pH 5.8, as well as to the absence of the
agglutination. Whereas at pH 8.0 we observed the
hemolysis without agglutination.

It should be noted that separately taken washed
erythrocytes at pH 5.8 were hemolysed.

The contact of rheopolyglucinum with serum and
unwashed erythrocytes led to a turbid red colored
supernatant and the agglutination. The use of ter-
binophine with plasma and unwashed red blood cells
led to the absence of both the hemolysis and the ag-
glutination.

Candida lusitaniae growth was detected in the plas-
ma in 107 CFU.

DISCUSSION

The agglutination of unwashed erythrocytes under
the influence of the patient’s own plasma aroused our
interest and prompted to perform a series of experi-
ments.

The attenuation of the agglutination in the alkaline
medium and the enhanced agglutination in the acid
medium indicated an influence of pH on the activity of
the antibodies in the plasma.

Since separately taken IgM a antibodies, regardless
of the presence of the complement, led to the hemo-
lysis and agglutination of the erythrocytes, and after
being inactivated by unithiol no agglutination was
observed, it could be assumed, that the antibodies
present in the plasma belonged to a specificity. Since
the agglutination was detected at 37°C, but not at
20°C, the patient had warm-reacting antibodies.

The presence of the immune hemolyzing antibodies
in the plasma might be confirmed by the presence

of the hemolysis in the experiment with the washed
erythrocytes, plasma and the complement.

The absence of the hemolysis in the alkaline medium
with the complement, as well as with the complement
and plasma treated with unithiol (in the presence of
IgG) can be explained by the loss of isoelectric prop-
erties of IgG and the attenuation of their activity [3].

In the experiments carried out the destruction of the
erythrocytes was also observed without any partici-
pation of the complement.

The turbidity of the supernatant in the reaction of the
erythrocytes with the serum treated with unithiol in-
dicates the worsening of the bactericidal properties
of the serum after destruction of the protective IgM.

After the destruction of IgM B and the usage of the
complement the initially absent hemolysis appeared,
indicating the protective role of IgM B antibodies in
nonimmune hemolysis.

The presence of a stronger agglutination in the acid
medium, regardless of the participants of the reac-
tion, indicated an increased potential of the acid me-
dium on the agglutination. Considering the fungal
ethiology we used terbinophine, that prevented both
the agglutination and hemolysis under the influence
of the plasma and the complement. Our data are in
accordance with those of Sudd et al. on the ability
of Candida to initiate the agglutination [7]. It might
be possible that adsorption of the antigens of fungi
(adhesins, D-lactose) on the surface of the erythro-
cytes led to the agglutination by 8 antibodies present
in the serum (by the type of indirect hemagglutination
reaction), since with washed erythrocytes the agglu-
tination was not observed, even at pH 5.8, however
the hemolysis (apparently due to the immune mecha-
nisms) was present.

The autoagglutination of the fungal or bacterial ori-
gin has an interesting pathogenesis [8, 9] — bacte-
rial or fungal glycosylases cleave monosaccharide
and acetyl groups of glycoproteins and glycolipids
on the membrane with release of cryptagglutinogens
[10, 11]. Thus, modified erythrocytes are easily ag-
glutinated by IgM. The cryptagglutinogens may be
detected by lectins.

Thus, we assume the presence of warm-reacting au-
toantibodies in the examined patient with peripros-
thetic infection after arthroplasty. The patient had
manifestations of complement-dependent hemolysis
mediated by IgG and complement-independent he-
molysis caused by the fungal agent, since the us-
age of terbinophine abolished the hemolysis, and
bacteriological investigation of the plasma showed
growth of Candida lusitaniae. The manifestations of
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the complement-dependent hemolysis observed in
this patient can serve as an example of autoimmune
reaction with the complement participation in a com-
plicated course of the inflammatory process.

CONCLUSIONS

The presented data show the complexity and coop-
eration of the processes of anti-infectious protection
and immunoregulatory reactions involving the com-
plement. The presence of the complement-depen-
dent hemolysis can influence the development of the
anti-infective response and lead to the complicated
course of the postoperative period.

Conflicts of interest: There are no conflicts of interest to
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