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ABSTRACT

Background: There is typical involution of thymus gland due to steroid mediated immune response 

in many intrauterine infections. A simple study of morphology and histology of foetal thymus gland 

at different gestational age can help us identify these diseases early.

Materials and Methodology: Thirteen still born foetuses ranging from 12 to 36 weeks were 

examined. The morphology and histology using (i) Haematoxylin and eosin (ii) Tannic acid, 

phosphomolybdic acid and amido black (TPA) (iii) Masson's trichrome stains were studied. 

Result: The measurement of the gland was compared with its CRL. The weight of the gland and 

foetus were compared to the gestational age. The capsule, septae, cortex, medulla, blood vessel, 

lymphocytes, reticular epithelial cells, adipose cells and Hassall's corpuscle were demonstrated.

Conclusion: The involution of thymus gland, reflected in its morphology and histology can serve as 

a baseline to identify pathological conditions. 

Keywords: Foetal thymus, morphology, reticular epithelial cells, adipose cells, Hassall's corpuscle, 

Haematoxylin eosin, Tannic acid phosphomolybdic acid amido black (TPA), Masson's trichrome.

INTRODUCTION:

h e  t h y m u s ,  i s  t h e  s o u r c e  o f  

immunologically competent CD4 and 
1 , 2  TCD8 lymphocytes . Age related 

involution, of thymus gland beyond puberty, is a 

typical feature evolutionarily maintained in 
3 

vertebrates. This occurs due to increased 
2 

circulating level of sex hormones. Intrauterine 

infection or stress, leads to steroid mediated 

immune response and this involutes the foetal 

thymus gland. Intraamniotic infection during  

pregnancy is not clinically apparent and requires 

invasive tests of amniotic fluid, but the simple 

measurement of foetalthymic size to the gestational 
4 

age can help in assessing the pathology. Also in 

respiratory distress syndrome, the gland involutes 

in size in response to raised circulating 

glucocorticoid and thus can serve as an important 
5 indicator of the disease. The size of thymus 

depends on genetics and early life nutrition, 

particularly the zinc level and can become an 

indirect predictor of nutritional status of the 
2 

developing foetus. The measurement of foetal 

thymus allows early diagnosis of chorioamnionitis 

and this is useful in diagnosing premature rupture 
6 

of membrane. The size of thymus gland in adults 

and in infants have been examined using computed 
7,8,9 10tomography,  and ultrasonography images,  but 

the present study focuses on direct visualization of 

the gland by foetal autopsy. Therefore, the simple 

morphological details and microscopic anatomy of 
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Number of Lobes:

There were two distinct smooth lobes which were 

asymmetrical in 11 specimens. They were enclosed 

in a capsule and the lobes were interconnected by 

fibrous tissue. Two specimens showed multiple 

surface lobulations. (Figure 2)

Shape:

The thymus gland was pyramidal in 5 foetal 

specimens (Figure 3), oval in 6 specimens, and had 

a moulded appearance in 2 specimens, being 

moulded to the adjacent structures.

Measurement:

Table 1 gives the measurement of the gland in 

ascending order with respect to the CRL of the 

foetus. 

Weight:

Table 2 compares the estimated gestational age, 

weight of foetus and thymus gland.

Table 1. Measurement of thymus in comparison 

with crl of foetus

foetal thymus which predicts its maturity can serve 

as an important adjunct in diagnosing many 

diseases.

MATERIALS AND METHODS :

Thirteen still born foetal specimens ranging from 

12 to 36 weeks were procured from the department 

of Obstetrics and Gynecology. Institutional ethical 

committee clearance was obtained.  Seven female 

and six male fetuses which were free from 

detectable gross anomalies. The foetuses were 

examined for their respective crown rump lengths, 

gestational ages and body weights were used for the 

study. They were fixed in 10% formalin for 10 days 

and then subjected to dissection. The extent of the 

gland, shape and the number of lobes were noted, 

photographs taken and the gland was removed. The 

base width and maximum height of thymus gland 

were measured using a measuring scale. The 

weight of the thymus gland was assessed using 

digital weighing balance. The histological study 

included staining the thymus section using 

(i).Hematoxylin and eosin, (ii) Tannic acid, 

phosphomolybdic acid and amido black (TPA) and 

(iii) Masson's trichrome stains. The connective 

tissue elements such as capsule, septae, the 

parenchyma including cortex, medulla, blood 

vessels, the cytology of lymphocytes, reticular 

epithelial cells, adipose cells and Hassall's 

corpuscle were demonstrated.

OBSERVATION AND RESULTS :

MORPHOLOGY

Extent : 

The thymus tapered into the neck above cricoid 

cartilage in 10 specimens, extended up to cricoid 

cartilage in 1 specimen and to thyroid gland level in 

2 foetal specimens. In all the specimens the gland 

extended below to overlap the pericardium. 

(Figure1).
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Graph 1. Compares the maximum breadth and 

height of foetal thymus gland in different studies 

Septae : 

The connective tissue of the capsule extended into 

the gland as septae and this formed the lobule 

(Figure 6). The blood vessels invaded the 

parenchyma of the gland through these septae. Few 

adipocytes were also seen in the septae.

Lobule :

Each lobule had an outer cortex and an inner 

medulla (Figure 7) Cortex was darkly stained with 

more lymphocytic infiltration. The medulla was 

sparsely filled with lymphocytic cells. The medulla 

had hyalinised bodies, the Hassall's corpuscles. 

They were oval to round shaped and at times 

irregular (Fig: 8). Two types of Hassall's corpuscles 

were observed in the thymus (a) small concentric 

type and (b) large cystic type (Figure 9). The 

concentric types of Hassall's corpuscles were 

arranged in whorls like onion peel and represent the 

degenerated epitheliocytes taking eosinophilic 

stain. The cystic types of Hassall's corpuscles had a 

central core of degenerated, hyalinisedeosinophilic 

material surrounded by cystic spaces around. These 

variable types were seen within the same lobule.

Table 2. Weight of thymus compared with age 

and weight of foetus

Table 3. Average weight of thymus in foetus

Table 4. Pearson correlation coefficient between 

gestational Age and thymus weight

** Correlation is significant at the 0.01 level (2-tailed).

HISTOLOGY

Capsule :

The thymus gland was completely surrounded by a 

connective tissue capsule with fibroblast and 

collagen (Figure 4). The capsule is broken by the 

entry and exit of neuro vascular bundles (Figure 5). 
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Figure 2.Thymus with multiple lobulations
(shown with arrows)

          

Figure 3. Pyramidal shaped gland

The cortico-medullary junction was clearly seen in 

all pre-viable foetal thymus (Figure 10). The cells 

seen in this zone were the macrophages. They had 

agranular cytoplasm with reniform nuclei, which 

were darkly stained and occupy greater part of the 

cell. In all sections the lymphocytes were the main 

cells seen in the thymus gland. These were seen in 

the cortex in large numbers and in the medulla in 

lesser numbers. Apart from lymphocytes, the 

epithelial reticular cells were also seen. They were 

spindle shaped and are present in the blood vessels 

and in Hassall's corpuscles. The cytoplasmic 

extension of epithelial reticular cell, which form a 

network was not clearly seen. The invasion of 

cortex by adipose cells (Figure 11) was also 

observed in aging foetal specimens.

Blood Vessels:

Blood vessels and their branches were seen in the 

septae, in the cortico-medullary junction and in the 

parenchyma. Spindle shaped epithelial reticular 

cells (Figure 12) were seen on the vessel walls and 

perivascular connective tissue. Veins were also 

seen in the interlobular septa.

Figure 1.Thymus extending into the anterior 

mediastinum at its lower limit  
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Figure 7.Cortex and medulla clearly shown 

Figure 8. Hassall's corpuscles of different shapes 

and sizes are present in the medulla (H&E)

Figure 9. Hassall's Corpuscles are of two types 

(TPA):  a. Concentric  b. Cystic

Figure 4.Capsule and connective tissue 

(shown as arrow) (Trichrome)

Figure 5.Entry of blood vessels (arrow mark) in 

between the lobules (TPA)

Figure 6. The septae (shown as arrows) are 

responsible for the formation of the lobules 

(H&E)

elements 
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DISCUSSION :

MORPHOLOGY

The thymus is a bilobed organ located in the 

superior mediastinum of  thorax, above the  heart 
11

and behind the sternum.  The characteristics like 

shape, position, lateral contour, degree of fatty 

infiltration, amount of residual thymic tissue have 
12

been the areas of research in sectional CT images.  

Thymic index, based on the size of the gland can be 

correlated as a volume estimate in ultrasonography 
10studies.  In the present study the extent, number of 

lobes, shape, size, weight were inspected by 

dissecting the foetus. This explains the details in a 

more explicit manner and enables better 

understanding of the gland in situ. Measuring the 

thymus is far more complicated than measuring 

other structures because of its age-related 
13,14

changes.

Extent of the thymus gland

The resultant migration of the thymus from the 

neck, accompanying the descent of the  
15

pericardium and the heart  can contribute to the 

determination of its extent. This can be evidenced 

by the fact that majority of the specimens tapered 

from the neck above cricoid level and embraced the 
16pericardium at its lower limit.  One gland extended 

from cricoid cartilage level. Two thymus glands 
17,18,19extended from thyroid gland.  In some studies 

the gland was found to lie at the level of angle of 
20mandible  and in others it extended up to hyoid 

21 
bone. However such extensions were not 

identified in the present study.

Number of lobes 

Thymus gland is developmentally from two sides 

of the pharyngeal apparatus and hence is bilobed. 

The asymmetry of the lobe can be attributed to the 

Figure10. Cortico-medullary junction with 

blood vessels is clearly seen (Trichrome)

Figure 11. Adipose cells (marked A) are seen 

(H&E)

Figure 12. Epithelial reticular cells (arrow  

mark) on the vessel wall (H&E, High Power)
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Weight

The growth curve of thymus gland suggests that it 

weighs around 15 gms at birth, steadily increases 

up to puberty when it attains a maximum weight of 

35 gms and reduces thereafter with advancing 
16,25.26,27,28,29age.  Clinical study indicates that the gland 

involutes in fatigue, famine, fever and formula fed 
10

infants.  This gland is heavier in males with large 
24 23

thymic indices  than in females.  In the present 

study it was observed that in the foetal period of 12 

to 19 gestational weeks the average weight of the 

thymus gland was 0.036 gm. In 20 to 29 gestational 

weeks the average weight of the thymus gland was 

found to be 1.760 gm. Above 30 weeks the average 

weight was 4.645 gm (Table 3). The gland was 

found to progressively increase in weight after the 

period of viability. Pearson correlation coefficient 

between gestational age and thymus weight 

suggests that with increase in the gestational age 

there is increase in thymus weight in the foetus. 

This shows positive Pearson correlation. The 

correlation is 0.787 and is significant at 1% level 

(0.01). (Table 4).

Histology of the thymus gland:

Among the various lymphoid tissues, the thymus is 
30

histologically most consistent across species.  It is 

unique among the lymphoid organs in being an 

epithelial organ. 

Capsule and Septa of the thymus gland

 The thymus gland is enclosed by connective tissue 

capsule, the delicate septae which arise from the 

capsule subdivides the thymus gland into numerous 
23,31,32,33

incomplete interconnecting lobules  of 
34variable size and orientation.  The capsule is 

16composed of an outer and inner layer of collagen  
34and reticular fibres,  between which are occasional 

34,35
clusters of lymphocytes.  Various studies 

development of the thymus from the 3rd and 4th 
16pharyngeal pouches and its subsequent descent.  

There was preponderance of asymmetrically 
18,19,22,23bilobed glands  connected by fibrous 

15,16 
connective tissue across the midline and they 

showed smooth surface. Multilobularity is not 

normal at any age and is seen in patients with 
12 18abnormality.  Multiple surface lobulations  were 

seen in 2 foetal specimens in the present study.

Shape of the thymus gland

This bilobed organ can be visualized as pyramidal, 

quadrangular, triangular or arrowhead shaped in 
4,7,8,9cross sectional computed tomography images.  

In the present study, direct surface visualization has 

enabled us to identify a large share of both oval and 
15,18

pyramidal shaped glands.  The variability in the 
16shape of the thymus is enormous.

Measurement of the thymus gland

The craniocaudal extent, maximum transverse 

dimension and thickness were measured using the 

soft tissue density of thymus gland in sectional CT 

image studies. Logarithm of these measurements 

were plotted against age to identify if it is a useful 
12predictor of thymic abnormality.  Transverse 

diameter was analyzed as a sensitive indicator of 

thymic abnormality, yet accurate recognition of 
12

abnormality was not possible.  According to a 

study in Guinea Bissau in urban West African 

community, where death was due to infectious 

disease, the reduced size of thymus was an 

important predictor of immune competence and 
24thus infant mortality.  In the present study the 

gland measurement ranged from 0.6 x 0.5 cm to 4 x 

4.5 cm (base x height) (Table1). The maximum 

breadth and height of foetal thymus gland in 

different studies is compared in (Graph 1)

Vijaya Ramanathan, et.al : Study Of Foetal Thymus Gland
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Lymphocyte

In the present study lymphocytes were identified as 

the main cells in the thymus gland. The cortex was 

basophilic when compared to the medulla which 
36

was eosinophilic.  In one of the studies it has been 
28found that the stem cells  are present in the cortex 

39and subcapsular cortex  region. They divide by 
35,36,45mitosis to form small lymphocytes.  The 

medium to large blast like lymphoid cells were 
45present in medulla.  They were paler staining and 

35had more cytoplasm.   The size of lymphocytes 

was found to be variable in the cortex and medulla. 

The presence of early, intermediate and mature 

lymphocytes in wide spaces between epithelial 
31reticular cells has also been identified.

Reticular Epithelial Cells:

These reticular cells are distinguished from the 

reticular cells of mesodermal origin in the spleen 

and lymph nodes. Their epithelial origin is proved 

by presence of keratin in Hassall's corpuscle and by 

the presence of tonofilaments and desmosomes. 
46Hence these cells are also called “Epitheliocytes”  

In the present study spindle shaped epithelial 
16,38reticular cells were identified.  Some authors 

15,36,47report stellate shaped cells.   In the present 

study epithelial cells were seen in and around the 
15,16,35,37

blood vessel in the septa.  Also, epithelial 

cel ls  were ident i f ied in  the Hassal l ' s  
15,32,35,37

corpuscles  Some authors identified epithelial 

cells in the cortex, to be fine and delicate. In 

medulla these cells were robust; While others 

identified more number of epithelial cells in the 

medulla. Other studies revealed the presence of 

these cells in the subcapsular region, cortex, 
15,16,37,45

medulla  corticomedullary junction. The 

epithelial reticular cells formed a cellular network, 

which provided support for other cells of the 
32,35

thymus

16,36
describe the presence of blood vessels,  

31
accumulation of adipocytes  within the septae. 

36
Some enumerate epithelial cells,  capillaries, 

37fibrocytes  in the trabeculae. In the present study 

the thymus gland was enclosed in the connective 

tissue capsule as shown by Masson's trichrome 

stain but the outer and inner layer of capsule was 

not well demarcated. Septae extended from the 

capsule into the parenchyma of the gland (Figure 1) 

and had the presence of blood vessels and 

adipocytes. The presence of capsule was observed 

in the thymus sections from foetus of 12 weeks 

gestational age. Extensive septae and distinct 

trabecular framework was noted in sections from 
38older specimens.

Lobulation, Cortex and Medulla of the thymus 

gland

In the present study, the thymus is divided 

morphological ly into two dist inct  sub 

compartments the cortex and medulla separated by 
15,23,30,35,39,40

a vascular corticomedullary zone.  There 

is progressive loss of demarcation of cortex and 
41,42,43medulla with advancement in age.  The cortex 

is darkly stained with densely packed 
23,31,35,37,44lymphocytes  and medulla is continuous 

15,16,35between adjacent lobules,  its paler with a 
32sparse population of lymphocytes.  The other 

ce l lu lar  components  seen are  s t romal  

macrophages. 

Blood vessel

In the present study blood vessels are seen in the 

septa, parenchyma, corticomedullary junction. 
15,16

Perivascular connective tissue is also seen.  The 

haemothymic barrier is formed by capillary 

endothelium, basement membrane, perivascular 

space, basement membrane and epithelial reticular 
6,31cells.
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advance stage Hassall's corpuscle fused with 
53nearby Hassall's corpuscle and were polymorphic.  

In the present study majority of the Hassall's 

corpuscle seen were of the premature, mature and 

advanced stage. 

Adipose cells

41,42Adipocytes deposited in the perivascular space   
16progressively increase in the interlobular tissue   

31
accumulate in the septa  infiltrate the cortex and 

15 
gradually replace the lymphocytes in the 

33,54
parenchyma of the gland  The adipocyte 

deposition begins at birth, their numbers slowly 

rises until puberty later spreading onto the 
36medulla.  In the present study of foetal thymus, 

adipocytes were present in the septa, they were also 

seen to invade the cortex and areas of adipose tissue 

separated islands of lymphoid tissue.

CONCLUSION : 

Thymus has a unique morphology and histology in 

different age groups. As the CRL increases there is 

increase in the size of the gland. The weight of the 

thymus gland was made as a direct estimate in this 

study. It was found to progressively increase after 

period of viability. This was justified by the 

positive Pearson correlation and its significance 

was established. The capsule was observed at 12 

weeks. The extensive septal formation and 

deposition of adipocytes within the parenchyma, 

occurred with advancement in age of the foetal 

thymus. The cortex is densely populated with 

lymphocytes when compared with medulla. As age 

advances the demarcation between the two is 

progressively lost. The concentric type of Hassall's 

corpuscles changed to cystic type in post viable 

period. Limitation has been that a small number of 

foetus has been used for this study. Yet analyzing 

the thymus gland at different gestational age will 

essentially give important insights and will also 

help us to improve the application of these results. 

The involution of thymus gland, reflected in its 

Hassall's corpuscles

Hassall's corpuscles attribute their origin to thymic 
48 49

epithelial cells  and have a secretory function  The 

Hassall's corpuscles are seen in fetal thymus only 

after 15 weeks, when the cortex and medulla begin 
50to differentiate, but its size is very small  and is 

15,23,31,32,36,38present in the medulla  The Hassall's 

corpuscle have been found to be comet, club, 
51 23

elongated or tricyclic,  spherical,  nest like bodies, 
16, 16,33, 32irregular  oval  or rounded  in shape. According 

to the present work Hassall's corpuscles were 

mostly oval, rounded and irregular. Hassall's 

corpuscle have been found to exhibit  
51

polymorphism.  Hassall's corpuscle ranged from 

an enlarged single epithelial cell to a large cystic 
52

structure.  In the present study, the Hassall's 

corpuscle had concentrically arranged flattened 

e p i t h e l i a l  c e l l s  a r o u n d  a  c e n t r a l  

eosinophilichyalinising mass with keratinization 
15,16,23,31,32,33 The Hassall's corpuscle before the period 

of viability (28 weeks) and after 28 weeks were 

different in size, structure and appearance. Its size 

increased and was solid in nature before the period 

of viability but in post viable period its size 

diminished and was of cystic type.  In the present 

study the specimens included were both in pre-and 

post-viable period of gestation and this was 

evidenced by the presence of hyalinised Hassall's 
15,16,23,31,32,33

of both types (a) small concentric type  and 
16,33(b) large cystic type.

One of the studies has described four stages of 

Hassall's corpuscle, namely juvenile, premature, 

mature and advance stage. In juvenile stage one or 

two reticuloendothelial cells were present, in 

premature stage small groups of reticuloendothelial 

cells in concentric disposition with keratinization 

were seen, in mature stage reticuloendothelial cells 

were flattened, concentrically placed around 

keratin mixed with degenerated lymphocytes and 

macrophages with or without empty spaces, in 
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morphology and histology can serve as a baseline 

to identify many diseases and can be used as a 

complement in screening the developing foetus. 

This being a non-invasive method, can also be 

safely and widely used to foretell the well-being of 

the unborn foetus.
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