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INTRODUCTION
Babesiosis is an important tick-transmitted disease caused 
by species of the intra-erythrocytic protozoan Babesia, 
which is widely distributed across the world [1]. There 
are more than 100 species of Babesia, all of which have an 
animal reservoir, typically either rodents or cattle, and are 
transmitted to humans via a tick vector [2].

 Babesiosis imposes a significant health burden, 
especially on those who are immunocompromised 
and those who acquire the infection through blood 
transfusion [3]. In patients with babesiosis may develop 
various diseases that can be regarded as its markers, act 
as a comorbid or concomitant pathology. For all babesia 
infections advanced age and depressed cellular immunity 
are associated with a higher risk of symptomatic infection 
and more severe illness [4]. Autoimmune disease like 
rheumatoid arthritis may develop in patients with babe-

siosis and act as a nonspecific marker of this disease [5]. 
Simultaneous infection with Babesia microti and Borrelia 
burgdorferi which cases Lyme disease or borreliosis are 
now the most common tick-transmitted coinfections in 
the world, and they are a serious health problem because 
coinfected patients show more intense and persisting 
disease symptoms [6]. In patients with babesiosis can 
also develop toxoplasmosis, because infected with Babesia 
ticks can act as guardians and carriers of Toxoplasma 
gondii [7].

 Our earlier studies [8], studies of other scientists [9] 
have made it possible to identify the ultramicroscopic fea-
tures of erythrocytes in persons with babesiosis. However, 
there are no data in the literature about the erythrocytes 
characteristics in cases when in patient with babesiosis 
develops marker, comorbid or concomitant pathology like 
rheumatoid arthritis, borreliosis or toxoplasmosis.
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ABSTRACT
The aim is to determine the ultramicroscopic characteristics of erythrocytes in individuals with rheumatoid arthritis, borreliosis or toxoplasmosis as a marker, comorbid or 
concomitant pathology for babesiosis.
Materials and methods: Blood samples from the patients with revealed borreliosis (Lyme disease) (19 cases), toxoplasmosis (15 cases), rheumatoid arthritis in the stage of 
exacerbation (10 cases) served as the study material (group 2). In all patients of group 2, positive results for babesiosis were obtained during the polymerase chain reaction. 
The group of comparative control (group 1) consisted of clinically healthy people (n=31), who underwent the blood cytological examination (light microscopy) preceding the 
scanning electron microscopy, followed by verification of the results by resources of molecular genetic research (polymerase chain reaction). Scanning electron microscopy was 
used in this study.
Results: In patients with babesiosis and marker, comorbid and concomitant conditions for this disease (rheumatoid arthritis, borreliosis, toxoplasmosis) it was identified the 
specific diagnostic criteria for the presence of extraerythrocyte forms of babesia, constant number of erythrocytes and their regenerative forms, the appearance of degenerative 
forms of erythrocytes with their size and shape pathology. The latter lead to hemodynamic disorders, the development of ischemic and hypoxic changes in tissues of different 
organs of human body.
Conclusions: Scanning electron microscopy of erythrocytes in patients with babesiosis and marker, comorbid and concomitant conditions for this disease (rheumatoid arthritis, 
borreliosis, toxoplasmosis) plays the role of an objective method of verifying the results of previous clinical and laboratory diagnosis. The use of scanning electron microscopy allow 
us to determine in these patients the specific diagnostic criteria for the presence of extraerythrocyte forms of babesia, constant number of erythrocytes and their regenerative 
forms, degenerative forms of erythrocytes with their size and shape pathology.
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THE AIM
The aim is to determine the ultramicroscopic characteris-
tics of erythrocytes in individuals with rheumatoid arthri-
tis, borreliosis or toxoplasmosis as a marker, comorbid or 
concomitant pathology for babesiosis.

MATERIALS AND METHODS
Blood samples from the patients with revealed borreliosis 
(Lyme disease) (19 cases), toxoplasmosis (15 cases), rheuma-
toid arthritis in the stage of exacerbation (10 cases) served 
as the study material (group 2). In all patients of group 2, 
positive results for babesiosis were obtained during the 
polymerase chain reaction. The group of comparative con-
trol (group 1) consisted of clinically healthy people (n=31), 
who underwent the blood cytological examination (light 
microscopy) preceding the scanning electronic microscopy, 
followed by verification of the results by resources of molec-
ular genetic research (polymerase chain reaction).

The method of scanning electron microscopy was used 
to study the spatial (three-dimensional coordinate system: 
the plane formed by the axes OX; OY; OZ) pathology of 
the size and shape of erythrocytes, microrelief of blood 
cells surfaces, membranopathies (raptures, macromol-
ecules, conglomerates, micropores). The native periph-
eral blood smears of various origins were performed in 
accordance with the generally accepted method without 
fixation, staining/contrast. For this purpose, 0.01 ml of 
native blood was applied to the degreased surface of the 
metal platform (S=1 cm2), dried in the air of the laborato-
ry premise, analyzed (× 2000), using the resources of the 
equipment (SEO-SEM Inspect S50-B; energy dispersive 
spectrometer AZtecOne with detector X-MaxN20 (Ox-
ford Instruments plc, UC) and power source in the gun: 
tungsten cathode with thermoelectron emission. This 
scanning electron microscope made it possible to examine 
the object under conditions of accelerating voltage of 100 
kV. The analysis of the obtained results was performed 
in comparison.

RESULTS AND DISCUSSION
Ultramicroscopic analysis of erythrocytes cytoarchitec-
tonics in clinically healthy people demonstrated their 
mesochromicity, electronic homogeneity of the stroma 
and presence of a semipermeable integral membrane. 
The cells were evenly distributed frontally, closely, but not 
densely, in the form of a rather mesodisperse population. 
Some loci contained clusters of hypochromic normocytes 
with enhanced central pallor. The central pallor of the 
predominant number of normocytes was pronounced, 
contrasting, occupied less than one third of the diameter 
and indicated about the native mesochromia, correspond-
ing to the shape of the biconcave disk (normodiskocyte). 
The tendency to sludge phenomenon (the phenomenon of 
«coin columns») was minimized. The relative indicators 
of erythrocytes morphological forms in blood in these 
individuals specified in figure 1.

The ultramicroscopic features of erythrocytes revealed 
by the author in healthy individuals coincide with the data 
of other scientists [10].

Fig. 1. The relative indicators (%) of erythrocytes 
morphological forms in blood in individuals of 
groups 1 and 2.

Fig. 2. Erythrocytes of native blood in person with borreliosis. Scanning 
electron microscopy, × 2000.
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In individuals with borreliosis the erythrocyte popula-
tion was small, located discretely with the cell-free zones 
present (fig. 2). The density of clusters was insignificant; 
contacts were preserved in some places. Poikilocytosis was 
insignificant, confirmed by some forms of schistocytes 
(triangles, helmets, fragments, pieces). Anisocytosis was 
highly doubtful. Erythrocytes of irregular shape lined up 
in chains of up to 11 elements. Erythrophagia was not 
defined, cell lysis was moderate. Prehemolytic, hemolytic 
cells have been identified, however, scanty. Cellular detritus 
was visualized in the form of splintered fragments, different 
in size and shape surrounded by normocytes. Shadow cells 
were few. In these individuals, compared with group 1,  

there were no significant differences in the values of rel-
ative indicators of erythrocytes morphological forms in 
blood (fig. 1).

General ultramicroscopic analysis (scanning electron 
microscopy, fig. 3) of native blood samples from patients 
with toxoplasmosis showed that the erythrocyte popula-
tion of the hematopoietic system was heterogeneous. The 
dispersion of the cytological spectrum was determined by 
5-7 types (normo-, macro-, micro-, ovalo-, schistocytes). 
Blood corpuscles were located in the frontal plane in clus-
ters, conglomerates and groups (6-15). Single, separately 
concentrated cells were almost absent. Erythrocyte mono-
layer was fragmentary with numerous (from 19 to 23 in the 
field of view of the slide) free from form elements areas of 
metal platforms. Dense intercellular contacts were absent. 
“Erythrocyte rosettes”, “rosette-like” formations, erythro-
cyte chains (double) were visualized and expressed. Blood 
micro- and macrocytes were hypochromic without increase 
of central pallor, chromocontrast. The formation of sludges 
(the phenomenon of “coin columns”) was observed in some 
places. Erythrocyte detritus was minimized; the facts of 
erythrophagia had not been detected. Polychromasia was 
moderate, constant in nature. The relative indicators of 
erythrocytes morphological forms in blood did not differ 
from the indicators of group 1 (fig. 1).

The analysis of the results of scanning ultramicroscopy 
of native blood slides of patients with rheumatoid arthri-
tis showed that the population of erythrocytes was quite 
homogeneous (macro-, microcytes), localized frontally as 
a continuous single layer without conglomerates and clus-
ters (fig. 4). The density of cell contacts was not retained. 
The boundary between each erythrocyte was expressed, 
clear, contrasting. The dispersed spectrum of formed 
blood elements was not wide, their polymorphism was 
insignificant. The stroma was electronically homogeneous; 
the membrane was intact, without local and generalized 
inclusive defects, semipermeable. Central pallor of the vast 
majority of cells was absent, in the case of differentiation it 
occupied less than one-third of the diameter. The shadow 
cells were isolated in the field of view (2-4). Erythrocyte 
detritus was minimized, apparently, due to timely disposal. 
However, the facts of erythrophagia were not confirmed. 
The relative indicators of erythrocytes did not differ from 
the group 1 indicators (fig. 1).

The determination of pathogens (Babesia spp.) using the 
routine cytological methods, according to experts, is played 
the crucial role in confirming the diagnosis of babesiosis 
[11]. However, the effectiveness of such diagnostic mea-
sures is significant in the conditions of acute and subacute 
disease duration. Instead, cytological diagnosis of asymp-
tomatic forms of infection remains a highly controversial 
criterion [12].

Scanning electron microscopy is a factor that helps to 
resolve research controversies in questions about the con-
tribution of parasites in the development of erythrocytes 
morpho-functional changes [13].

This study allowed us to identify in patients with babesiosis and 
marker, comorbid and concomitant conditions for this disease 

Fig.  3. The erythrocytes in native blood in patient with toxoplasmosis. 
Scanning electron microscopy, × 2000.

Fig. 4. Erythrocytes in native blood in patient with rheumatoid arthritis. 
Scanning electron microscopy, × 2000.
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(rheumatoid arthritis, borreliosis, toxoplasmosis) the specific 
diagnostic criteria for the presence of extraerythrocyte forms of 
babesia, constant number of erythrocytes and their regenerative 
forms, the appearance of degenerative forms of erythrocytes with 
their size and shape pathology. The latter lead to hemodynamic 
disorders, the development of ischemic and hypoxic changes in 
tissues of different organs of human body [14].

CONCLUSIONS
Scanning electron microscopy of erythrocytes in patients with 
babesiosis and marker, comorbid and concomitant conditions 
for this disease (rheumatoid arthritis, borreliosis, toxoplas-
mosis) plays the role of an objective method of verifying the 
results of previous clinical and laboratory diagnosis. The use 
of scanning electron microscopy allow us to determine in 
these patients the specific diagnostic criteria for the presence 
of extraerythrocyte forms of babesia, constant number of 
erythrocytes and their regenerative forms, degenerative forms 
of erythrocytes with their size and shape pathology.
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