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Abstract  In this study, newborn with sepsis from 8–28 days in the late neonatal period developed morphological changes 

specific to both primary and secondary immune responses, depending on the gestational period. Of these, the percentage of 

follicular hyperplasia was determined, followed by paracortical hyperplasia, sinus histiocytosis, stromal cell proliferation, 

mixed-type hyperplasia, and lymph node fattening. 
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1. Introduction 

The relevance of the research currently underway in the 

study of neonetal sepsis is that the lymph nodes identify the 

pathogens that enter the body as the main peripheral organs 

of the immune system [1,2,3,4]. Distinguishes pathogens, 

senses the organism's infection, adapts to it, detects its 

antigenicity and fights it. According to the World Health 

Organization (WHO), “Global epidemiological indicators of 

neonatal sepsis are not accurate, but 1.2 million out of 3 

million newborns are infected with sepsis every year” [1]. 

As a result, “it stimulates the body's nonspecific response, 

then the innate immune response, and finally the highly 

specialized acquired immune response” [2]. 

Late neonatal sepsis is the most common of the 

pathomorphological changes in the lymph nodes, follicular 

hyperplasia manifests as a morphological manifestation of a 

secondary immune response depending on the postnatal 

period in children, the mechanism of infection, and the 

morphofunctional status of the lymph nodes [5,6,7,8]. In  

this case, the process of lymphofollicular hyperplasia was 

observed to be strong or weak, depending on the level of 

morphofunctional development of the lymph node. If the 

lymph nodes were relatively immature, it was observed that 

they had severe hyperplasia, although the lymphoid follicles 

in the cortical layer were rare [9]. In this case, it was found 

that the primary follicles in the lymph nodes become 

hyperplasia  and become  secondary  follicles. Lymphoid  
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follicles are of different sizes and different morphofunctional 

conditions, and their hyperplasia is primarily due to the 

proliferation of the germinative center, reticular cells, 

macrophages and lymphocytes in it, relatively starving 

[10,11]. They were found to contain macrophages and 

centrablasts with increased phagocytic activity [12,13]. 

2. Purpose of the Research 

Evaluation of pathomorphological changes that develop in 

the main morphofunctional areas of lymph nodes during late 

neonatal sepsis and the development of an algorithm for 

clinical and morphological diagnosis. 

3. Methods 

Morphological, morphometric immunohistochemical and 

statistical research methods were used in the study. 

4. Discussion and Results 

Morphological study of lymph nodes in infants who died 

of sepsis in the late neonatal period shows that, in contrast  

to early neonatal sepsis, the following pathomorphological 

changes were detected: lymph node hypoplasia - 2.7%, 

follicular hyperplasia - 41.5%, paracortical hyperplasia - 

24.6%. sinus histiocytosis - 18.7 percent, stromal cell 

proliferation -6.2 percent, and mixed-type hyperplasia - 4.5 

percent, lymph node fattening 4.2 percent. 

All morphofunctional areas of lymphoid follicles, the 

germinative area, the V-lymphocyte ring, the mantle, and  

the interstitial areas of the follicles, are also found to be 
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hyperplasia. Lymphofollicular hyperplasia was strongly 

present when the lymph nodes were well developed. 

Germinative areas were found to consist of light-colored, 

activated cells of round or oval shape (Fig. 1). 

 

Figure 1.  A 15-day-old infant who died of sepsis in the late neonatal 

period had a lymph node. Severe hyperplasia of the lymphoid follicles of the 

cortex, the appearance of germinative centers. Paint: G-E. X: 10x10 

The lymphocytic ring has a thicker side of the lymphoid 

follicle facing the peripheral outer membrane, a thinner side 

between the follicles and the side facing the paracortical area. 

It is found that the proliferation of lymphocytes also spreads 

to the extrafollicular areas, causing lymphocytic infiltration 

of both the peritoneum and the paracortical area. It is 

observed that a large number of proliferated lymphocytes, 

lymphoblasts, immunoblasts also enter the sinus cavity, 

where they bind to macrophages. 

In some cases, lymphoid follicles also appeared in the 

paracortical area of the lymph node and in the stratum 

corneum, leading to severe hyperplasia (Fig. 2). 

 

Figure 2.  15-days-infant who died of sepsis in the late neonatal period had 

a lymph node. Occurrence of lymphoid follicles in the lymph node core 

layer. Paint: G-E. X: 10x10 

In this case, the resulting lymphoid follicles are of 

different sizes, their mantle area is connected to the nuclei of 

the interstitial space, and strongly proliferated lymphocytes 

are also infiltrated into the interstitial barriers of the sinuses. 

The germinative center in the lymphoid follicles in these 

areas is also of different sizes, probably due to the lack of 

reticular cells in it, macrophages. Therefore, the composition 

of the germinative centers, which appeared late, was mainly 

composed of lymphoblasts and centrablasts. 

In the process of lymphofollicular hyperplasia, the 

transformation of primary follicles into secondary follicles 

was found to differ from hyperplasia secondary lymphoid 

follicles in their structure and morphofunctional status. The 

composition of the germinative center formed in hyperplasia 

primary follicles differs from the center of secondary 

lymphoid follicles. It is observed that mainly lymphoblasts, 

centrablasts and immunoblasts are formed. Reticular cells 

and macrophages are rare. Another difference is that in the 

V-lymphocytic ring of primary lymphoid follicles, the 

lymphocytes are dense and arranged in rows.  

In cases of late neonatal sepsis complicated by septic 

shock and disseminated intravascular coagulation syndrome 

(DICS), foci of hemorrhage and necrosis have been observed 

in the lymph nodes, as in all internal organs. Such foci were 

found to develop mainly in the nucleus accumbens and 

paracortical area of the lymph nodes (Fig. 3). 

 

Figure 3.  17-day-old infant who died of sepsis in the late neonatal period 

had a lymph node. Occurrence of foci of necrosis in the lymph nodes as a 

complication of septic shock. Paint: G-E. X: 10x10 

It was found that the lymph node blood vessels are full, in 

some of them there are septic thrombi, and as a result of the 

development of ischemia in the lymph node tissue there are 

foci of necrosis and hemorrhage. It was observed that the 

foci of necrosis occupied a large number of areas of different 

sizes, in which mainly fibrinoid necrosis developed. If the 

fibrinoid necrosis was located in the center, the presence of 

macrophages in the peripheral parts of the necrosis and 

infiltration by lymphocytes was detected (Fig. 4). 

 

Figure 4.  The top is part of the picture. Fibrinoid necrosis, macrophage 

reaction around and infiltration of lymphocytes around necrosis. Paint: G-E. 

X: 10x40 

It was observed that the lymphoid tissue surrounding the 

necrosis, especially the lymphoid follicles, was sequestered 

from the surrounding tissue. 

Paracortical area hyperplasia is also common among 

lymph node lesions in late neonatal sepsis. The reason for 

this is known, the abundance of microorganisms that activate 
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cellular immunity among the pathogens of sepsis. 

Morphologically, in the lymph nodes, in some cases, the 

cortical layer is not detected, the paracortical area is defined 

in the form of a large area (Fig. 5). 

 

Figure 5.  9-day-old infant who died of sepsis in the late neonatal period 

had a lymph node. Paracortical area hyperplasia. Paint: G-E. X: 10x10 

In other cases, the paracortical area was observed to    

be hyperplasia and enlargement, growing into the stratum 

corneum on one side and the cortical layer on the other. As a 

result, it is determined that the cortical lymphoid follicles  

are compressed and reduced in size, while the sinuses of the 

nucleus are narrowed due to compression. The area-enlarged 

paracortical area was found to be slightly darker on staining, 

and the soft tufts of interstitial sinuses in the nucleus 

accumbens appeared to be darker stained. 

The wall of postcapillary venules located in the 

paracortical area was hypertrophied and enlarged by 

endothelial cells, among which migrating lymphocytes were 

detected, resulting in narrowing of the venous cavity (Fig. 6). 

 

Figure 6.  A 13-day-old infant who died of neonatal sepsis had a lymph 

node. Hypertrophy of the endothelium of the wall of the postcapillary 

venules, migration of lymphocytes, the formation of clusters of lymphocytes 

around. Paint: G-E. X: 10x40 

The space between the postcapillary venules is filled with 

activated small and medium-sized lymphocytes, and they are 

arranged in separate groups, some of which are grouped 

around macrophages. 

In some cases, an increase in the number of postcapillary 

venules hyperplasia was observed in the paracortical area  

of the lymph nodes (Fig. 7). It was observed the presence  

of lymphocytes migrating between the endothelium in    

the vascular wall, the development of diffuse diapedesis 

hemorrhage around it. It is found that the nuclei of 

lymphocytes between the foci of hemorrhage are activated 

by hyperchromization, the formation of immunoblasts. 

Another major of the lymph node changes characteristic of 

late neonatal sepsis is mixed-type hyperplasia. In this case,  

it was observed that in the lymph node tissue at the same 

time hyperplasia of both cortical lymphoid follicles and the 

paracortical area, and sometimes soft tufts between the 

sinuses of the nucleus accumbens. The cause of this type of 

pathomorphological changes should definitely be sought 

from the pathogens of sepsis. 

 

Figure 7.  11-day-old infant who died of sepsis in the late neonatal period 

had a lymph node. Postcapillary venous hyperplasia, diapedesis hemorrhage. 

Paint: G-E. X: 10x40 

As mentioned above, the reasons for the development of 

neonatal sepsis in young children are often confirmed to be a 

mixed infection. It is natural that the antigens that appear in 

the body of children in mixed infection are also different. 

Therefore, both cellular and humoral immunity develop at 

the same time. Accordingly, in the organs of the immune 

system, including the lymph nodes, both immune-specific 

morphofunctional areas undergo hyperplasia. 

Morphologically, simultaneous hyperplasia of the cortical 

lymphoid follicles in the lymph nodes, the appearance of 

germinative areas in them was observed. Similarly, the 

paracortical area was also found to be hyperplasia and 

dilated, and in some cases even lymphoid follicles (Fig. 8). 

 

Figure 8.  11-day-old infant who died of sepsis in the late neonatal period 

had a lymph node. Mixed type, hyperplasia of both cortical lymphoid 

follicles and paracortical area. Paint: G-E. X: 10x10 

At the same time, hypertrophy and hyperplasia of the 

reticular stroma structures in the paracortical area were 

observed simultaneously. Among them, it was observed that 

lymphocytes activated by hyperchromization of the nucleus 

formed clusters of different sizes. 

In some cases of this type of mixed type hyperplasia, a 

sharp enlargement of the paracortical area, in which the 
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postcapillary venules are both hyperplasia and wall cells 

hypertrophied (Fig. 9). It was observed that the postcapillary 

venules grew towards both the cortex and the nucleus 

accumbens. In some cases, postcapillary venules have also 

been found to grow into soft tufts of interstitial sinuses in the 

nucleus accumbens. When viewed under a large microscope 

lens, a strong proliferation of postcapillary venules and the 

endothelial cells that make up their wall was observed in the 

paracortical area. As a result, a large number of endothelial 

cell buds and newly formed postcapillary venules were 

identified in this area (Fig. 10). 

 

Figure 9.  15-day-old infant who died of sepsis in the late neonatal period 

had a lymph node. Expansion of the paracortical area, in which the 

proliferation of postcapillary venules. Paint: G-E. X: 10x10 

 

Figure 10.  15-day-old infant who died of sepsis in the late neonatal period 

had a lymph node. Proliferation of the endothelium of postcapillary venules, 

the emergence of new vascular nuclei. Paint: G-E. X: 10x40 

In mixed-type hyperplasia, the lymphoid follicles in the 

cortical layer of the lymph node undergo specific hyperplasia. 

This was due to the enlargement of the germinative center  

in the center of the lymphoid follicle, the proliferation of 

reticular cells, macrophages and lymphoblasts in it (Fig. 11). 

It was found to contain destroyed cells, especially in the 

peripheral parts of the cells vacuolated, the nuclei underwent 

karyorexis and karyopycnosis. It was observed that a 

peculiar ring of small lymphocytes formed around the 

germinative center, and the lymphocytes in it were arranged 

in rows. 

Another peculiar aspect of the morphological study of the 

lymph nodes of infants who died of sepsis in the late neonatal 

period revealed that it was manifested by the development of 

strong histiocytosis in the sinuses of the lymph node core 

layer. At the same time, it was observed that the sinuses of 

both the subcapsular and the stratum corneum of the lymph 

node are strongly dilated, filled with various cells. In these 

sinus cavities, macrophages of various morphofunctional 

levels, destroyed cell and tissue fragments, granular and 

mononuclear leukocytes were detected in most cases.  

Hence, the filling of the sinus cavity from the proliferation  

of hematogenous and histiogenic cells involved in the 

inflammatory process is called sinus histiocytosis. Similar  

to the pathomorphological changes in these sinuses, the 

interstitial sinuses are also found to be enlarged by soft tufts 

and infiltrated densely with lymphoid and histiocytic cells. 

 

Figure 11.  15-day-old infant who died of sepsis in the late neonatal period 

had a lymph node. Proliferation of the cortical lymphoid follicle in 

mixed-type hyperplasia. Paint: G-E. X: 10x40 

In some cases, sinus histiocytosis was followed by severe 

swelling, which resulted in destruction of the sinus cavities, 

rupture, and spread to the wall of the connective tissue 

trabeculae and vessels surrounding the tumor and its cells. 

It was found that the soft tufts between the sinuses were 

compressed due to the tumor, and the lymphoid cells in them 

condensed to form a follicular structure. A study of the state 

of sinus histiocytosis in a large objective microscope showed 

that the sinus cavity was filled with both activated and 

destroyed hematogenous and histiogenic cells at different 

levels. Most of them were macrophages. 

Macrophages were found to vary in size, 

morphofunctional status, and phagocytosis. In the cytoplasm 

of most of them, phagocytosed cell fragments, apoptotic 

lymphoid cells were detected. In addition, lymphoid cells of 

various morphofunctional levels were detected in the sinus 

cavity, most of which consisted of small lymphocytes. The 

endothelial cells that make up the sinus wall have also 

undergone varying degrees of pathomorphology. Most were 

swollen, desquamated, and displaced, resulting in fusion 

with hemato-histiogenic cells in the cavity. 

5. Conclusions 

The following conclusion can be drawn if we analyze the 

pathomorphological data in the lymph nodes of children who 

died of sepsis in the late neonatal period in general and in 

comparison with each other. Changes in the lymph nodes 

were found to occur primarily due to premature or immature 

birth of infants, the degree of maturation of the lymph nodes, 

and the degree to which the sepsis process developed. A 

small number of children who died of late neonatal sepsis 

had a primary, congenital, hypoplasia condition in the lymph 
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node. The most common of all detected pathomorphological 

changes was follicular hyperplasia of these lymph nodes, 

with an average incidence of 41.5%. Next, paracortical 

hyperplasia of the lymph nodes - 24.6%, sinus histiocytosis - 

18.7%, stromal cell proliferation - 6.2%, and mixed-type 

hyperplasia - 4.5%, lymph node fattening - 4.2%. 
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