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1- INTRODUCTION

Hydatid cyst disease is one of the widespread parasitic diseases that affect humans and livestock [1, 2].
It has several names, such as Echinococciasis, Hydatid disease, hydatidosis, hydatosis unicystic, or Unilocular hydatid
disease [3], and it is caused by the larval stage of the tapeworm Echinococcus granulosus [4,5]. The definitive hosts of the
adult stage are dogs, wolves, and foxes [14, 6). The adult stage lives in the small intestines of infected animals [7].

Studies in Iraq have confirmed that dogs are the definitive hosts of the adult stage [8). Additionally, sheep, cattle, goats,
horses, and humans are intermediate hosts for the parasite [9, 10]. In humans, infection occurs through close association
with dogs, especially in children, or by consuming improperly washed vegetables and food contaminated with the feces of
infected dogs [11]. The developing embryos progress from eggs to a watery cyst that grows about 5-10 centimeters per year
in the first year, and then continues to grow slowly in the target organ for several years [12].

The embryos (oncospheres) face resistance from white blood cells during their passage through the bloodstream, which
may lead to their destruction [13].

If they settle in the host's body, the body's resistance and white blood cells persist, as the growing hydatid cyst is
surrounded by fibrous tissues containing epithelial cells, acidophilic cells, and giant cells [14].

Moreover, hydatid cyst infection has a negative impact on red blood cells, leading to certain cases of anemia (15), as well
as a negative effect on all white blood cells.
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2- MATERIALS AND METHODS

In this study, blood samples were examined using a transmission electron microscope (TEM) from thirty
diagnosed patients with Echinococcus granulosus infection, along with a control group of healthy individuals of different
ages, both male and female, at a hospital Refech al herery in Baghdad city. A volume of 1 cm3 of saline solution was
drawn, and the volume was completed to 5 cm3 with a syringe.

Blood was drawn directly from the median cubital vein before the procedure. The blood was preserved in test tubes
containing anticoagulant EDTA-K+ and stored in a plastic container.

The samples method. The preparation of the blood samples for (TEM) was carried out as described in [16].

3- RESULTS
1- Study of Neutrophils:

Neutrophils in the blood samples of healthy individuals were characterized by the presence of pseudopodia. The
nucleus appeared segmented, resembling multiple separate nuclei. The rough endoplasmic reticulum was observed. The
cytoplasm contained primary circular granules and a larger number of secondary granules, which appeared as rod-shaped
with varying densities [Figure 1].

When examining the neutrophils in the blood samples of patients infected with Echinococcus granulosus, it was evident
that some granules disappeared, while others moved towards the plasma membrane edge. Some granules were observed
leaving the cell.

These neutrophils exhibited numerous pseudopodia and unfolded cytoplasmic folds in their plasma membrane, indicating
phagocytic activity. Furthermore, toxic cytotoxic neutrophils were observed, characterized by having more than three lobes
in the nucleus and highly effective engulfment. They also exhibited increased electron density in the cytoplasm and the
disappearance of secretory granules.

Figure (2): A neutrophil cell magnified under a TEM (uranyl Figure (1): A normal neutrophil cell magnified under a
TEM (uranyl acetate and lead citrate) (x48000)

showing the following structures: 1- Rough plasmic

acetate and lead citrate (x 48,000)) in patients’ blood
samples, showing secretory granule structures migrating

toward the plasma membrane. reticulum 2- Primary secretory granules 3- Secondary

secretory granules 4- Lysosome 5- Nucleus

2- Study of Eosinophil’s:

Eosinophils in the blood samples of healthy individuals were characterized by the presence of a nucleus with two
separate lobes. The cytoplasm contained oval-shaped secretory granules in various stages of maturation, with some
exhibiting different electron densities. The presence of prominent Golgi bodies within the cytoplasm was observed, along
with the presence of mitochondria. The rough endoplasmic reticulum appeared more distinct compared to neutrophils
[Figure 3].
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When examining eosinophil’s in the blood samples of patients, it was evident that they were almost devoid of secretory
granules, except for a very small number. The presence of empty secretory vesicles within the cytoplasm was prominent.
This eosinophil’s exhibited more pronounced phagocytic activity compared to their counterparts in the healthy blood
samples, as evidenced by an increase in the number of pseudopodia [Figure 4].

Figure (4) An eosinophil in patients’ blood samples,
magnified under TEM (uranyl acetate and lead
citrate (48,000 x), showing the following structures: 1-
Secretory granules 2- Vesicle -3 'Exocrine granule
outside the bodv

Figure (3) A normal eosinophil cell magnified under
TEM (uranyl acetate and lead citrate (48000 x)
showing the following structures: 1- Secretory
granules 2- Golgi body 3- Plasma reticulum

3: The study of basophil cell:

The presence of basophile cells was observed when examining a sample from patients infected with Echinococcus
granulosus.

They were diagnosed using (TEM), which revealed the disappearance of most secretory granules. Some of them were
found close to the plasma membrane, along with an increased electron density of the cytoplasm. Clear phagocytic activity
was observed through the observation of non-fused cytoplasmic folds extending from the plasma membrane, as well as the
presence of phagocytic vacuoles near the plasma membrane [Figure 5].

Figure (5) A kidney basophil cell in a patient's blood sample,
magnified under a TEM, uranyl citrate and lead citrate (48000
x) in which the disappearance of most secretory granules.
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4- Study of Monocytes

Upon detailed examination of mononuclear cells using (TEM) in healthy blood samples, the nucleus was observed to have
a horse's hoof-like shape, and the cytoplasm appeared to have moderate electron density. Particulate matter was clearly
seen scattered within the cytoplasm, at various stages of maturation. The mitochondria were observed to be dispersed
within the cytoplasm, and there were cytoplasmic extensions from the plasma membrane as well as incomplete cytoplasmic
folds. The phenomenon of cellular drinking (pinocytosis) was evident [Figure 6].

When examining the cells in samples from patients, the cells were characterized by significant phagocytic activity,
indicated by the abundance of pseudopodia. In one of the cytoplasmic extensions, the presence of a secretory granule,
possibly representing one of the types of secretory vesicles, was observed. The cytoplasm was filled with ribosomes and
rough endoplasmic reticulum. Additionally, small structures with low electron density were observed, which may represent
early stages of primary particle formation. The cytoplasm appeared to have higher electron density [Figure 7].

Figure (6) A mononuclear cell in healthy blood samples,
samples magnified under TEMe (uranyl acetate and magnified under a TEM (uranyl acetate and lead citrate

Figure (7) A mononuclear cell in patients’ blood

(48,000 x), showing the following structures: 1-
Secretory granules 2- Vesicle

lead citrate) (x48000) showing the following
structures: 1- Rough plasmatic reticulum 2- Free
ribosomes 3- Pseudopodia 4- Cell drinking 5-
Secretory granule released outside the cell body.

5- Study of Lymphocytes

When studying lymphocytes in healthy blood samples, their nuclei appeared densely chromatin-rich. Ribosomes were
observed to be dispersed in the cytoplasm, along with a few mitochondria and a small number of secretory granules. When
examining the cells in blood samples from individuals infected with Echinococcus granulosus, the nuclei appeared
eccentrically located. The cytoplasm appeared to be devoid of organelles and exhibited high electron density.

The cells were observed in the process of transitioning into plasma cells [Figure 8].

Other lymphocytes undergoing transformation were also observed, with clear nuclear elongation. Additionally, a small
number of secretory granules were scattered, and the cytoplasm contained some strands of rough endoplasmic reticulum
[Figure 9].
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Figure 9: A lymphocyte in patient samples, Figure 8: A lymphocyte in a patient's sample during the
undergoing degeneration, magnified under a TEM, transformation into a plasma cell, magnified under a
uranyl acetate, magnified at 48,000 x, sodium TEM at 48,000x, treated with uranyl acetate and lead
citrate, showing: 1- Golgi bodies, 2- Free ribosomes, citrate, showing phagocytic activity and secretion of

3- Plasmodium reticulum secretory granules and rough plasmatic reticulum.

4- DISCUSSION

The results of the TEM examination of peripheral blood leukocytes in patient samples revealed changes in the
morphology of these cells, such as nuclear deformation, which reflects the speed of movement and activity of these cells
[17].

The occurrence of injury and the growth of the parasitic cyst, which led to increased migration of these cells to the site of
injury and their encapsulation by the cyst due to chemotactic factors [18], may have resulted in increased phagocytic cell
activity due to increased secretion of chemotactic factors from the cyst, including the leakage of calcium and magnesium
ions and changes in glucose concentration, which stimulate phagocytic cell activity [19].

The presence of incomplete cytoplasmic folds, along with the presence of fine structures within these folds that could be
bacteria, fungi, or cell secretions, can be considered as factors contributing to the development of inflammation associated
with cystic injury [18].

Further studies, such as histological or immune histochemical studies, are needed to identify the nature of these materials
observed in the folds of these cells.

The cells appeared to be degranulation, as they contained a small number of secretory granules. They appeared to be
moving towards the phagocytic cup to release their contents of basic phosphatases and vagostatin.

The scarcity of secondary granules secreted by these systems supports this observation [19].

The increased phagocytic activity, characterized by the presence of rough endoplasmic reticulum and ribosomes involved
in protein synthesis used in the body's defense mechanism against foreign bodies, indicates the body's clearance of debris
from dead cells resulting from the body's resistance to foreign invaders [20].

The phenomenon of cellular drinking is evident, adding further evidence of increased bacteria or parasites, which may be
due to concomitant inflammation with the cystic injury.

In this study, the presence of toxic mononuclear cells was observed, characterized by the absence of secretory granules that
could have been released as a means of defense by the body to eliminate bacteria by secreting basic phosphatases and
vagostatin, which are secreted by secondary granules [18].

The examination of acidophilic leukocytes in the blood samples of patients infected with Echinococcus parasites showed
the disappearance of most secretory granules, except for a few scattered near the plasma membrane surface compared to the
control group.
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This may be due to the appropriate chemotactic factor that led to the movement of secretory granules from the cell to its
plasma membrane through physical barriers in the plasma membrane components, as the plasma membrane of acidophilic
cells contains receptors sensitive to immunoglobulin (IgE), and upon interaction, the granules are removed, releasing
histamine and peroxidase [27].

The migration of the remaining secretory granules towards the plasma membrane confirms the occurrence of the immune
reaction involving IgE.

Furthermore, TEM examination of acidophilic leukocytes revealed the presence of pseudopodia around the plasma
membrane, indicating increased phagocytic activity of these cells due to cystic injury [24], and the observed inflammation
may be a consequence of cystic injury [20], which stimulated all phagocytic leukocytes, including acidophilic cells, to
eliminate bacteria, parasites, fungi, and debris from dead cells.

The results of the TEM examination of the monocytes blood cells in the samples of patients infected with echinococcus
parasites, when compared to the healthy group, revealed significant variations that reflect their high effectiveness [21].

Numerous pseudopodia were observed around the plasma membrane, along with cytoplasmic extensions, as well as the
spread of phagocytic vesicles in the cytoplasm, indicating increased phagocytic activity of the cell for the purpose of
engulfing specific antibodies, possibly due to the spread of antigens as a result of the infection [ 22, 23] and an increase in
the rate of bacterial killing [25]. Furthermore, the clear phenomenon of cellular drinking indicates significant bacterial
activity, possibly due to acute inflammation resulting from acute infection.

Examination of blood samples from patients infected with eosinophilic granulocytes revealed the presence of lymphocytes
undergoing transition to plasma cells, which is an indicator of accompanying acute inflammation resulting from hydatid
cyst disease [26, 27].

It is worth noting that these cells were observed for the first time in this study in peripheral blood, as plasma cells are
normally present in connective tissues, but their appearance in peripheral blood may be a result of the immune response to
the infection with the protozoan, leading to the transformation of B lymphocytes into plasma cells for the production of
antibodies as a defensive mechanism for the body.

REFERENCES

[1] Smyth, J. D. (1976). Introduction to animal parasitology (2nd ed.). Hodder and Stoughton.
[2] Brozova, A., Jankovska, I., & Ejcek, V. (2017). Echinococcus spp.: Tapeworms.

[3] Marquardt, W. C., Demaree, R. S., & Greve, R. B. (2000). Parasitology and vector biology (2nd ed.). Harcourt
Academic Press.

[4] Belding, D. L. (1964). Textbook of parasitology (3rd ed.). Appleton-Century-Crofts.

[5] Fauser, S., & Kern, P. (1997). T. Lymphocyte cytokine RNA: Expression in cystic Echinococcus. Acta Tropica,
64(1-2), 35-51.

[6] Derbala, A. A., & El Massry, A. A. (1998). Some studies on the growth and development of Echinococcus
granulosus, camel origin, in experimentally infected dogs. Journal of the Egyptian Society of Parasitology, 28(3),
449-461.

[7] Lambery, A. J., Hobbs, R. P.; & Thompson, R. C. A. (1989). The digestion of Echinococcus granulosus in the
intestine of dogs. The Journal of Parasitology, 75(4), 502-507.

[8] Babero, B. B., Al-Dabagh, M. A., Al-Saffar, A. S., & Frozen, M. A. (1963). The zoology of animal parasites in
Iraq: V114. Hydatid disease. Scientia Agriculturae Bohemica.

[9] Barnouti, H. N. (1985). Human hydatid disease (echinococcosis). Arab Medical Journal, 4, 20-28.

[10] Markell, E. K., John, D. T., & Krotoski, W. A. (1999). Medical parasitology (8th ed.). 253-259.

28



Dijlah Journal of Medical Sciences (DJMS) Vol. 1, No. 2, January, 2025, pp. 23-30
P-ISSN: 3078-3178, E-ISSN: 3078-8625, Paper ID: 03

[11] Chandler, A. C., & Read, C. P. (1961). Introduction to parasitology (10th ed.). Toppan Printing.

[12] Mandell, G. L., Douglas, R. G., & Bennett, J. E. (2010). Principles and practice of infectious diseases (7th ed.).
Elsevier Inc.

[13] Crew, W., & Haddock, D. R. W. (1985). Parasites and human disease. Edward Arnold.

[14] Faust, E. C., Beaver, P. C., & Jung, R. S. (1975). Hydatid cysts of Echinococcus species in animals and vectors of
human disease. Lea & Febiger.

[15] Meneghelli, U. G., Martinelli, A. L., Liorach-Velludo, M. A., Magro, J. E., & Barbo, M. L. (1992). Polycystic
hydatid disease (Echinococcus vogeli): Clinical, laboratory, and morphological findings in nine Brazilian patients.
Journal of Hepatology, 14(2-3), 203-210.

[16] Rodak, D. F., Claspha, & Mt. S. H. (1995). Diagnostic hematology. W.B. Saunders Company.

[17] Ali-Khan, Z. (1974). Host-parasite relationship in echinococcosis: Cyst weight, hematological alterations, and
gross changes in the spleen and lymph nodes of C57L mice against graded doses of Echinococcus multilocularis
cysts. Journal of Parasitology, 60(2), 236-242.

[18]Wintrobe, M. M., Lee, G. R., Boggs, D. R., Bithell, T. C., Athens, S. W., & Foerster, J. (1979). Clinical
hematology (7th ed.). Lea & Febiger.

[19] Das, D. K., Bhambhani, S., & Pant, C. S. (1995). Ultrasound-guided fine-needle aspiration cytology diagnosis of
hydatid disease of the abdomen and thorax. Diagnostic Cytopathology, 12(2), 173-176.

[20] Hoffbrand, A. V., Lewis, S. M., & Tuddenham, E. D. (1999). Postgraduate hematology. Butterworth Heinemann.
[21] Guyton, A. C. (2016). Textbook of medical physiology (13th ed.). W. B. Saunders Company.

[22] Bessis, M. (1973). Living blood cells and ultrastructure. Springer-Verlag.

[23] Berger, S. A., & Marr, J. S. (2006). Human parasitic diseases sourcebook. Jones and Bartlett Publishers.

[24]Richards, K. S., Arme, C., & Bridge, J. F. (1983). Echinococcus granulosus: Equinus UN ultrastructure of marine
tissue response to hydatid cysts. Parasitology, 86(3), 407-417.

[25] Mahmoud, A. A. F., Austen, K. F., & Simon, A. S. (1979). The eosinophil in health and disease. Crune &
Stratton, 8(193-201).

[26] Vuitton, D., Lenys, D., Lausse, F., Bresson, S., Barale, T., Liance, M., Wattre, P., & Miguet, J. P. (1985).
Circulating and basophil-fixed specific IgE in human alveolar echinococcosis. C. R. Seances Societe de Biologie
Filiales, 179(6), 782-787.

[27]Wangoo, A., Ganguly, N. K., & Mahajam, R. C. (1989). Phagocytic function of monocytes in murine model of
Echinococcus granulosus of human origin. Indian Journal of Medical Research, 89, 40-42.

29



Dijlah Journal of Medical Sciences (DJMS) Vol. 1, No. 2, January, 2025, pp. 23-30
P-ISSN: 3078-3178, E-ISSN: 3078-8625, Paper ID: 03

aly S A daad ) @l 50 (TEM) 380N 5 5 gl Jleaials 4l g
Ailal) (uSYL Gl il el die ) Al

dadAl)

Al LAY (Batisall Sl (A lasdl (ST Alall (ulSY) (o yan Alia) @l 5 aaa Gl Caaglin|
Obadll pm el an e Glie aa Gall Jadiy LN S SV jeaall Gandll Gojha oo Gl
Adlise painl s jleclys

3aly ) a5l LS ol g limandl g Adaedl (and) adll UDIA & 530 sl (e ol oA Canll eilin o gl
A aalll LOAN (amy asms Adaadle (o Sliad 315l Cilam gy Cliaeally dlaall LOAT _ealil oLl

AnSiall

30



