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ABSTRACT
Objective: SARS-CoV-2 virus can affect the spleen and lymph nodes. In this study, we aimed to evaluate the histomorphological changes, 
immunohistochemical findings and real-time polymerase chain reaction test (rt-PCR) results in regional lymph nodes and spleen. 
Methods: The regional lymph nodes and spleen samples of 12 cases of postmortem nasopharyngeal swabs that were positive for SARS-Cov-2 
were evaluated. Upper paratracheal, lower paratracheal, and hilar lymph nodes and spleen samples were examined under a light microscope 
with H&E stained sections and immunohistochemically stained sections. 
Results: Diffuse alveolar damage was seen in nine cases. Congestion, presence of immunoblastic and plasmablastic cells, expansion of 
subcapsular sinuses, presence of apoptotic cells, and sinus histiocytosis were the most common changes. The SARS-CoV-2 rt-PCR test was 
positive in four cases in the upper paratracheal lymph nodes, in seven cases in the lower paratracheal lymph nodes, and in five cases in the 
hilar lymph nodes. White pulp atrophy and red pulp hemorrhage were the most common findings in the spleen. The SARS-CoV-2 rt-PCR test 
was positive in four cases in the spleen. 
Conclusion: SARS-CoV-2 virus can spread to the lymph nodes and spleen and destroy the tissues.
Keywords: SARS-CoV-2, spleen, lymph node, autopsy, forensic pathology
ÖZET
Amaç: SARS-CoV-2 virüsü dalak ve lenf düğümlerini etkileyebilir. Bu çalışmada bölgesel lenf nodları ve dalakta histomorfolojik değişiklikleri, 
immünohistokimyasal bulguları ve gerçek zamanlı polimeraz zincir reaksiyonu testi (rt-PCR) sonuçlarını değerlendirmeyi amaçladık. 
Yöntemler: SARS-CoV-2 pozitif olan 12 postmortem nazofaringeal sürüntü vakasının bölgesel lenf düğümleri ve dalak örnekleri değerlendirildi. 
Üst paratrakeal, alt paratrakeal ve hiler lenf nodları ve dalak örnekleri ışık mikroskobu altında H&E boyalı kesitler ve immünohistokimyasal 
olarak boyanmış kesitler ile incelendi.
Bulgular: Dokuz olguda yaygın alveoler hasar görüldü. Konjesyon, immünoblastik ve plazmablastik hücrelerin varlığı, subkapsüler sinüslerin 
genişlemesi, apoptotik hücrelerin varlığı ve sinüs histiositozu en sık görülen değişikliklerdi. Dört olguda üst paratrakeal lenf düğümlerinde, 
yedi olguda alt paratrakeal lenf düğümlerinde ve beş olguda hiler lenf düğümlerinde SARS-CoV-2 rt-PCR testi pozitifti. Beyaz pulpa atrofisi ve 
kırmızı pulpa kanaması dalakta en sık görülen bulgulardı. Dalakta dört vakada SARS-CoV-2 rt-PCR testi pozitifti.
Sonuç: SARS-CoV-2 virüsü lenf düğümlerine ve dalağa yayılarak dokuları tahrip edebilir.
Anahtar Kelimeler: SARS-CoV-2, dalak, lenf nodu, otopsi, adli patoloji

FORENSIC PATHOLOGY

INTRODUCTION
Coronaviruses are single-stranded RNA viruses that 
cause a disease ranging from the common cold to severe 
acute respiratory syndrome. In 2019, a new coronavirus 
named SARS-CoV-2 was identified, and the disease 
caused by this virus was named as COVID-19 (1). As 
of 31 December 2021, more than 200 million people 
were infected and more than 5 million people died due 
to this disease (2).
The effects of COVID-19 on the lung have been shown 
in many studies (3,4). Studies in which changes in 

extrapulmonary organs are defined histopathologically 
are more limited. Lymph nodes and spleen are among 
the organs affected by this disease (5,6). 
Lymphopenia is seen in 96% of severe COVID-19 
patients and 80% in mild patients. It has also been 
shown that lymphopenia is associated with the severe 
course of the disease (7-10). The pathogenesis of 
lymphopenia in COVID-19 has been explained by many 
possible mechanisms. Possible mechanisms include 
extrapulmonary spread or direct invasion (11,12). It is 
important to reveal histopathological findings in order 
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to understand the changes in lymphoid organs and to 
explain the underlying mechanisms more clearly. 
In this study, we aimed to evaluate the histomorphological 
changes, immunohistochemical findings and real 
time polimerase chain reaction test (rt-PCR) results 
in regional lymph nodes (upper paratracheal, lower 
paratracheal and hilar) and spleen samples of cases 
with postmortem SARS-CoV-2 PCR positivity. 
MATERIALS AND METHODS
This study was carried out with the approval of the 
TR Ministry of Health General Directorate of Health 
Services Scientific Research Platform (2021-04-
02T21_35_19) and the Education and Scientific 
Research Commission of the Council of Forensic 
Medicine (21589509/2021/334-30.103.2021).
The regional lymph nodes and spleen samples of 12 
cases whose autopsies were performed at the Council 
of Forensic Medicine, Morgue Department between 
April 2021 and June 2021 and whose postmortem 
nasopharyngeal swabs were positive for SARS-CoV-2 
were evaluated.
Histomorphological evaluation
Upper paratracheal, lower paratracheal and hilar lymph 
nodes and spleen samples were examined with a light 
microscope with H&E stained sections.
Immunohistochemical staining
BenchMark Ultra, Roche’s fully automatic 
immunohistochemical slide staining system was used 
for the immunohistochemical procedures. CD68 (Dako 
FLEX Monoclonal Mouse Anti-Human CD68, Clone 
KP1, Ready to use), CD3 (Dako FLEX Polyclonal 
Anti-Human CD-3, Ready to use), CD4  (Dako FLEX 

Monoclonal Mouse Anti-Human CD4, Clone 4B12, 
Ready to use), CD20 (Dako FLEX Monoclonal Mouse 
Anti-Human CD20cy, Clone L26, Ready to use), 
CD8 (Dako FLEX Monoclonal Mouse Anti-Human 
CD8, Clone C8/144B, Ready to use) were performed 
on the spleen and lymph node tissues. CD20, CD3, 
CD4, and CD8 were used to differentiate the origin 
of the lymphocytic cells, and to assess and compare 
of the amount of T lymphocytes. CD68 was used to 
assess the amount of the histiocytes and to detect the 
hemophagocytic and lymphophagocytic histiocytes.
SARS-CoV-2 RNA Real-Time Polymerase Chain 
Reaction
Postmortem Sars-CoV-2 RT-PCR assay, which is a 
nucleic acid amplification method that detects viral 
RNA, for COVID-19 were studied in nasopharyngeal 
swab, deep tracheal swab, lung swabs, and paraffin 
blocks of tissues. Nucleic acids were extracted on 
the QIASymphony (Qiagen / Germany) device using 
the “QIAsymphony DSP Virus / Pathogen midi” kit. 
“RealStar® SARS-CoV-2 RT-PCR Kit RUO (Altona 
Diagnostics, Hamburg, Germany)” was used by RT-
PCR method and amplified in Rotor Gene (Qiagen / 
Germany) device in accordance with the manufacturer’s 
recommendations.
Nucleic acids were extracted from paraffin-embedded 
formalin fixed lymph nodes and spleen tissues. Three 
or four 10 mm thick sections of each block were 
cut by a microtome. The xylene and ethyl alcohol 
deparaffinization procedure was applied to paraffin-
embedded tissues. It was then incubated for 24 hours 
by adding 20 ml of proteinase K and 600 ml of ATL 
buffer solution.
Statistical analysis
SPSS (Statistical Package for the Social Sciences) V21 
2012 program was used for statistical analysis. While 
evaluating the study data, descriptive statistical methods 
(Average, Standard Deviation, Median, Frequency, 
Ratio, Minimum and Maximum) were used.
RESULTS
Demographic characteristics of the autopsy cases
A total of 12 autopsy cases, eight male (66,7%) and 
four female (33,3%), were included in this study. The 
age of the deceased’s was between 40 and 90 years 
(mean: 65,16 years). All of the cases had SARS-CoV-2 
positivity in the postmortem nasopharyngeal swab 
sample. The baseline characteristics of the cases are 
given in Table 1 in detail.
Pathological changes in the lungs
Diffuse alveolar damage (DAD) was seen in nine cases. 
Three of these cases were in the exudative phase and 
six of them were in the proliferative phase of DAD. 
In two cases, there was no feature except edema. 
One case was not evaluated due to autolysis. In the 
microscopic examination of the lung, diffuse alveolar 

Figure 1: a. Germinal center reaction and sinus his-
tiocytosis (H&E, x100), b. Sinus histiocytosis (HxE, 
x200), c. Congestion and sinus expansion (H&E, 
x100), d. Apoptotic lymphocyte (H&E, x1000)
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damage was accompanied by lobular pneumonia (25%, 
n=3), bronchopneumonia (25%, n=3), and interstitial 
pneumonia (16.7%, n=2). The histopathological 
changes observed in the lungs are given in Table 1 in 
detail.
Pathological changes in the regional lymph nodes 
with  immunohistochemical and rt- PCR findings
Histopathological changes in the upper paratracheal, 
lower paratracheal, and hilar lymph nodes, which are 

regional lymph nodes, were evaluated. 
Congestion, presence of immunoblastic and 
plasmablastic cells, expansion of subcapsular sinuses, 
presence of apoptotic cells, and sinus histiocytosis 
were the most common changes seen in the upper 
paratracheal lymph nodes (Figure 1). Transformed cells 
were also observed in the upper paratracheal lymph 
nodes in five cases, hemophagocytosis in two cases, 
necrosis in one case, and subcapsular hemorrhage in 

Table 1: Baseline characteristics of the cases

Case Age Sex Lung rt-PCR results in the 
regional lymph nodes

rt-PCR results in 
the spleen

1 90 Male Bronchopnemonia, Exu-
dative phase of  DAD

Upper paratracheal: Negative
Lower paratracheal: Positive
Hilar: Positive

Positive

2 56 Male Lobular pneumonia, Pro-
liferative phase of DAD

Upper paratracheal: Negative
Lower paratracheal: Negative
Hilar: Negative

Negative

3 67 Male Bronchopnemonia, Exu-
dative phase of  DAD

Upper paratracheal: Positive
Lower paratracheal: Positive
Hilar: Positive

Negative

4 56 Male Interstitial pneumonia, 
Proliferative phase of 
DAD

Upper paratracheal: Negative
Lower paratracheal: Negative
Hilar: Negative

Negative

5 76 Female Lobular pneumonia, Pro-
liferative phase of DAD

Upper paratracheal: Negative
Lower paratracheal: Positive
Hilar: Negative

Negative

6 84 Male Interstitial pneumonia, 
Proliferative phase of 
DAD

Upper paratracheal: Negative
Lower paratracheal: Negative
Hilar: Negative

Negative

7 60 Male Oedema Upper paratracheal: Negative
Lower paratracheal: Negative
Hilar: Negative

Negative

8 78 Male Oedema Upper paratracheal: Negative
Lower paratracheal: Negative
Hilar: Negative

Negative

9 45 Male Bronchopnemonia, Proli-
ferative phase of  DAD

Upper paratracheal: Negative
Lower paratracheal: Positive
Hilar: Negative

Negative

10 65 Female Oedema, Exudative phase 
of  DAD

Upper paratracheal: Positive
Lower paratracheal: Positive
Hilar: Positive

Positive

11 66 Female Lobular pneumonia, Pro-
liferative phase of DAD

Upper paratracheal: Positive
Lower paratracheal: Positive
Hilar: Positive

Positive

12 40 Male Autolysis Upper paratracheal: Positive
Lower paratracheal: Positive
Hilar: Positive

Positive

*DAD: Diffuse alveolar damage
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one case.
The most common changes in the lower paratracheal 
lymph nodes are congestion, presence of immunoblastic 
and plasmablastic cells, enlargement of subcapsular 
sinuses, presence of apoptotic cells, sinus histiocytosis, 
and anthracosis. Transformed cells in 7 cases, 
hemophagocytosis in 5 cases, subcapsular hemorrhage 
in 2 cases, and granuloma in one case were also seen in 
the lower paratracheal lymph nodes.
The most common changes in hilar lymph nodes 
were congestion, presence of immunoblastic and 
plasmablastic cells, enlargement of subcapsular 
sinuses, presence of apoptotic cells, anthracosis, and 
sinus histiocytosis. Transformed cells in 7 cases, 
hemophagocytosis in 5 cases, necrosis in one case, and 
granuloma in one case were also seen in the hilar lymph 
nodes. The histopathological changes observed in the 
lymph nodes are given in Table 2 in detail.
CD3, CD20, CD4, CD8, CD68 immunohistochemical 
staining was performed on lymph nodes. Sinus 
histiocytes stained positive with CD68. Staining 
was observed in paracortical T lymphocytes with 
CD3. Intense staining was seen in subcapsular areas 

with CD20. Staining was observed in paracortical 
T lymphocytes with CD4 and CD8. The number of 
CD4-stained lymphocytes was higher in paracortical T 
lymphocytes than in CD8-stained lymphocytes (Figure 
2).
The SARS-CoV-2 rt-PCR test was positive in four 
cases in the upper paratracheal lymph nodes, in seven 
cases in the lower paratracheal lymph nodes, and in 
five cases in the hilar lymph nodes.
Pathological changes in the spleen with 
immunohistochemical and rt- PCR findings
Histopathological changes in capsular and hilar 
regions of spleen samples were evaluated. Similar 
morphological changes were seen in both regions. 
White pulp atrophy and red pulp hemorrhage were the 
most common findings (Figure 3). Septic splenitis was 
seen in two cases. Infarct was observed in one case. 
No specific finding was observed in four cases. The 
histopathological changes observed in the spleen are 
given in Table 3 in detail.
T lymphocytes stained with CD3, CD4 and CD8 were 
decreased in white pulp, and B lymphocytes stained 
with CD20 were decreased in both white and red pulp.
The SARS-CoV-2 rt-PCR test was positive in four 
cases in the spleen.
DISCUSSION
In this study, we described the histopathological and 
immunohistochemical changes in the spleen and lymph 
nodes of 12 autopsy cases with positive postmortem 
SARS-CoV-2 nasopharyngeal swab samples. We also 
showed the SARS-CoV-2 positivity in the tissues of 
these cases. 

Table 2: Histopathologic findings of the regional lymph nodes

Histopathology Upper paratracheal nodes 
(n/N)

Lower paratracheal nodes 
(n/N)

Hilar nodes (n/N)

Germinal center 3/12 5/12 5/12
Preserved architecture 3/12 4/12 4/12
Sinus histiocytosis 6/12 9/12 9/12
Granuloma 0/12 1/12 1/12
Antrachosis 4/12 9/12 10/12
Subcapsular sinus
expansion

7/12 11/12 11/12

Necrosis 1/12 0/12 1/12
Subcapsular hemorrhage 1/12 2/12 0/12
Congestion 12/12 12/12 12/12
Immunoblast/Plasmablast 9/12 11/12 11/12
Transformed cells 5/12 7/12 7/12
Hemaphagocytosis/
Lymphophagocytosis

2/12 5/12 5/12

Apoptotic cells 6/12 10/12 10/12

Table 3: Histopathologic findings of the spleen

Histopathology n/N
White pulp atrophy 8/12
Red pulp hemorrhage 7/12
Septic splenitis 2/12
Infarction 1/12
No specific finding 4/12
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As stated in many studies before, lung injury is the main 
cause of death in cases of COVID-19 (1,3,5,13). ACE-
2 receptors, which are the main target of the SARS-
CoV-2 virus, are found in many organs such as the lung, 
gastrointestinal system, heart, brain, vessels, spleen, 
kidney, and skin. This indicates that extrapulmonary 
organs can also be affected by the virus (6). Studies 
on the involvement of extrapulmonary organs are 
limited in the literature. While the number of autopsy 
studies on SARS-CoV-2 is gradually increasing in the 
literature, there are limited studies that examine the 
histopathology of the spleen and regional lymph nodes 
in detail.
The emergence of acute lung injury (ALI), systemic 
inflammatory response syndrome (SIRS), acute 
respiratory distress syndrome (ARDS) in COVID-19 
patients is a very important conditions because they 
can be mortal. Cytokines have been found to play 
an important role in the emergence of these clinical 
features (14-16). Inflammatory cytokines, which are 
released in excessive amounts from various tissues and 
cells by the cytokine storm, cause the immune system 
to lose its suppression of this situation, and these 
cytokines increase the arrival of other immune system 
cells to this region, resulting in increased organ damage 
(17). In severe cases of COVID-19, IL-6 and TNF-α are 
the key cytokines in the cytokine storm (18). IL-12, IL-
1ß and IFN-γ are among the cytokines involved in the 
cytokine storm (17).
SARS-CoV-2, like other coronaviruses (MERS-CoV, 
SARS-Co-V), often causes lymphocytopenia. It has 

been shown that SARS-CoV causes lymphopenia by 
inducing inflammation and MERS-CoV infecting T 
cells (12). The mechanism of lymphocytopenia in the 
SARS-CoV-2 infection is not yet understood. The effect 
of SARS-CoV-2 virus on the hematopoietic system is 
being investigated through autopsy and clinical studies 
with a limited number of cases (11,12,19).
Histomorphological evaluation of the lymph node and 
spleen can help to understand both the effect of the virus 
on the tissues and the development of lymphopenia result 
from the extrapulmonary dissemination of the virus. In 
our study, we examined the changes in the regional 
lymph nodes by histomorphological evaluation and 
immunohistochemical staining. Dissemination of the 
SARS-CoV-2 virus to lymph nodes has been reported 
in previous studies (20). We also showed the presence 
of the virus in both regional lymph nodes and spleen in 
our study. DAD was present in all cases in which the 
virus was detected in the lymph nodes. We thought that 
this was the result of spread from the lung, which is the 
primary focus of inflammation. In three cases, the virus 
was detected in the regional lymph nodes, but not in 
the spleen. This may show us that the virus reaches the 
lymphoid tissues by lymphatic drainage from the lung. 
In one case, although there was autolysis in the lung, 
the presence of the virus in the lymph nodes and spleen 
were demonstrated. Since the evaluation could not be 
made due to autolysis in the lung, it was not possible to 
comment on whether the lymph node and spleen were 
directly infected or if there was extrapulmonary spread.
In histomorphological evaluation, congestion and 
expansion of the sinuses were one of the common 
changes in lymph nodes. These findings were consistent 
with the literature (1,21). Studies have shown that 

Figure 2: a. CD68 immunohistochemical staining of 
the lymph node (x200), b. Subcapsular CD20 immu-
nohistochemical staining of the lymph node (x100), c. 
CD8 immunohistochemical staining of the lymph node 
(x200), d. CD4 immunohistochemical staining of the 
lymph node (x200)

Figure 3: a. White pulp atrophy and red pulp hemorr-
hage (H&E, x200), b. Splenic infarction (H&E, x200)
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edema and plasmablast activation are prominent in 
early fatal cases, and germinal center reaction has been 
observed in cases with prolonged disease duration 
(19). Since the tissue samples of people who died 
due to COVID-19 were evaluated in our study, we 
thought that the frequent occurrence of plasmablast and 
immunoblastic cells is compatible with the literature. 
Likewise, germinal center reaction was less common. 
Sinus histiocytosis and hemophagocytic 
lymphohistiocytosis (HLH) may develop after 
macrophage activation with a poor B cell response that 
bypasses the germinal center reaction due to impaired 
IFN response in COVID-19 (22). In our study, sinus 
histiocytosis, which is more common in the lower 
paratracheal and hilar lymph nodes, was among the 
remarkable findings. HLH is established with clinical 
laboratory and morphological findings. Pathological 
detection of hemophagocytosis is also a criterion in 
HLH. Infection-related HLH is most commonly caused 
by DNA viruses of the herpes virus family (such as 
EBV, CMV, HHV8). Although bone marrow is a 
typical diagnostic specimen, it can also be diagnosed 
from lymph nodes (23-25). In our study, we evaluated 
the lymph nodes because it is more practical and easy 
in terms of postmortem sampling. In a study, HLH 
associated with SARS-CoV-2 was defined in cases 
with ARDS and cytokine storm (26). In our study, the 
clinical and laboratory findings of the cases were not 
available. However, when the lungs of the cases with 
hemophagocytosis and lymphophagocytosis were 
examined, all of them had  acute lung injury. 
We demonstrated both sinus histiocytosis and 
hemophagocytosis by CD68 immunohistochemical 
staining. We thought that the hemophagocytosis 
observed in these cases is related to ARDS and cytokine 
storm. 
TNF-α, one of the key cytokines of the cytokine 
storm, is in a negative correlation with the number of 
circulating lymphocytes in COVID-19 cases (20). The 
apoptosis effect of TNF-α has been explained by several 
mechanisms in studies. These mechanisms are specified 
as, TNF-α binding to TNFR-I, inducing apoptosis in T 
cells, TNF-α inducing T cell apoptosis in SARS-CoV-2 
infection, TNF-α released from infected macrophages 
causing apoptosis in COVID-19 cases (26-28). In 
addition, the proapoptotic gene p53 level was found to 
be high in COVID-19 cases (29). Increased cytokine 
levels and increase in p53 level in cytokine storm may 
be among the factors causing lymphopenia by inducing 
apoptosis (30). Apoptosis was a finding in our study 
that was consistent with the literature. Although we do 
not know the lymphocyte count and cytokine levels in 
the blood, the histopathological findings of ARDS in 
the lung show us that the cases are in a cytokine storm. 
It supports that the apoptosis observed in these cases is 

associated with COVID-19.
When we reviewed the literature, we did not find any 
lymph node necrosis in studies on COVID-19 and lymph 
nodes. In our study, one case had both lymph node 
and spleen necrosis. However, in this case, extensive 
fibrin thrombus was present in the small vessels of the 
lung. In previous studies, it was stated that there is a 
predisposition to thrombosis in COVID-19 disease (5). 
We thought that this is a complication of the disease. 
With studies to be carried out in larger series, new 
results may emerge regarding whether necrosis is 
caused by a virus or a complication.
Another finding seen in lymph nodes in COVID-19 is 
loss of germinal centers. Lymphopenia and apoptotic 
effect caused by cytokine storm cause this situation 
(31). We also observed the loss of germinal center in 
our study. In the immunohistochemical staining, we 
observed CD20 (+) B lymphocytes in the subcapsular 
region of the lymph node. We observed staining of 
T lymphocytes in the parafollicular area with CD 3. 
When we look at the ratio of CD4 and CD8 staining, 
the ratio of staining with CD4 was higher.
In the literature, studies on the spleen as well as lymph 
nodes are limited. Studies have found findings that may 
be a direct effect of COVID-19, such as atrophy of the 
white pulp, histiocyte hyperplasia, and depletion in 
lymphoid follicles (32). In our study, similar findings 
were observed in the literature. Hyperplasia was 
detected by CD68 immunohistochemical staining. 
Lymphoid depletion and white pulp atrophy were 
demonstrated with CD3, CD20, CD4 and CD8. In 
addition, the microvascular thrombosis of the virus and 
the resulting necrosis have also been reported in studies 
(32). In one of our cases, there was necrosis as we 
mentioned before. Another finding was hemorrhage in 
the red pulp. Studies have also shown that hemorrhage 
may occur after the virus has damaged the spleen (32). 
We showed the presence of the virus in the tissues by rt-
PCR. This also supports that the changes in the spleen 
are caused by viruses.
Our study has some limitations. Tissues were obtained 
at autopsy and were therefore accompanied by autolytic 
changes during evaluation. The blood lymphocyte 
levels, clinical features, histories, and drug use histories 
of the cases were unknown.
CONCLUSION
In our study, we showed that the virus can spread to 
the lymph nodes and spleen and cause damage to these 
tissues. We also supported the morphological changes 
we obtained with immunohistochemical findings. We 
think that autopsy studies are valuable in terms of 
providing new data on the mechanism of the disease 
along with clinical findings.
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