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Case Report
An autopsy case of pneumococcal  
Waterhouse-Friderichsen syndrome with  
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Abstract: We report an autopsy case of rapid progressive Waterhouse-Friderichsen syndrome (WFS) associated 
with Streptococcus pneumonia infection in a previously healthy man. Although he once visited a hospital about 6 
hours before death, the both physical and serological examination did not show any sign of overwhelming infection. 
Autopsy showed massive adrenal hemorrhage without inflammation, and showed proliferation of gram positive 
cocci and microthrombosis in the vessels of many organs. The pathological change of respiratory tract was ex-
tremely minimal. Size and weight of the spleen possible decreased than normal. However, histological examination 
showed that obscuration of germinal center and decreasing the immunological cells of mantle and marginal zone. 
Immunohisitochemically, marked decreasing the marginal zone macrophages, which are positive for specific inter-
cellular adhesion molecule grabbing nonintegrin receptor-1 (SIGN-R1) and macrophage receptor with collagenous 
structure (MARCO), were decreased comparing with age-matched control case. Polymerase chain reaction (PCR) 
assay using each DNA, extraction from formalin-fixed paraffin-embedded specimen (FFPE) samples of lung, adrenal 
gland, heart, spleen, and kidney showed positive the ply gene and the lytA gene specific for Streptococcus pneumo-
nia. Present case showed possible acquired atrophy of spleen, especially decreasing marginal zone macrophage 
may correlate with rapid progression of sepsis of Streptococcus pneumonia with massive adrenal hemorrhage. In 
addition, present case showed the usefulness of PCR using FFPE for the postmortem diagnosis of WFS.
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Introduction

Waterhouse-Friderichsen syndrome (WFS) was 
reported by Waterhouse in 1911 [1] and by 
Friderichsen in 1918 [2]. The syndrome is 
known as a potentially fatal disease with mas-
sive adrenal hemorrhage, and fulminant sepsis 
and disseminated intra- vascular coagulation 
(DIC) are considerable factors related to WFS 
occurrence [3]. Streptococcus pneumonia is 
considered one of the frequent pathogenic 
causes of WFS [4], and asplenia is a well-known 
major risk factor for the occurrence of WFS 
related to S. pneumonia infection [5]. The term 
‘asplenia’ describes the absence of a spleen, 
which is generally because of surgery or con-
genital origin [6]. The anatomic presence of a 
spleen with compromised function is referred 

to as functional asplenia, which seems to be 
synonymous with hyposplenia, and such 
acquired asplenia/hyposplenia may also con-
tribute to WFS occurrence related to S. pneu-
monia infection [7-17]. The incidence of S. 
pneumonia infection in asplenia/hyposplenia, 
including all anatomical and functional cases, is 
50 to 100 times higher than that of controls 
[18]. Previous studies have shown that encap-
sulated bacteria, such as S. pneumonia, are 
only cleared by the spleen because the polysac-
charide capsule of S. pneumonia and other 
types of bacteria impedes binding of comple-
ment or prevents complement assembled on 
the capsule from interacting with macrophage 
receptors (5). In the spleen, marginal zone mac-
rophages play a major role in the uptake and 
clearance of S. pneumonia [19].
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Herein, we report an autopsy case of rapid, pro-
gressive WFS without any previous clinical his-
tory. We show a possible unusual splenic 
pathology by immunohistochemistry and review 
of literatures showing possible functional asple-
nia/hyposplenia, and discuss the mechanism 
and significance of acquired hyposplenism for 
WFS and severe S. pneumonia infection.

Case report

Clinical summary

A 56-year-old healthy man, who lived alone and 
had no past clinical history, presented to a hos-
pital because of mild fever and general fatigue. 
The body temperature on arrival was 37.0°C, 
and his laboratory data revealed only mild ele-
vation of C-reactive protein (CRP; Table 1). Both 
sign of meningeal irritation and cardiac dys-
function was not evident. Symptoms and gross 
inspection of upper airways did not reveal obvi-
ous findings. The attending physician diag-
nosed a common cold, and allowed the patient 
to go home. About 6 hours after returning 
home, the patient’s symptoms worsened, and 
he called and asked a friend to take him to the 
hospital. The patient suffered cardiopulmonary 
arrest when the friend arrived at the patient’s 
home, 15 minutes after the phone call. The 
patient was subsequently transferred to the 
hospital by ambulance; however, cardiopulmo-

nary resuscitation was not successful. The 
patient’s body temperature on arrival was 
38.5°C. Laboratory data immediately after 
arrival at the hospital mainly showed decreased 
platelets, hyperkalemia, hypoglycemia, and a 
marked increase in CRP (Table 1), but hemoly-
sis of sampled blood was also identified. 
Reexamination of the rapid test for influenza 
virus was negative.

Autopsy findings

Autopsy was performed about 12 hours after 
death. Gross examination showed some peth-
echial hemorrhage of the skin. Abnormal find-
ings, such as abscess or consolidation in the 
upper or lower airways were not evident. 
Moreover, the brain and heart did not show the 
findings of lethal disease. However, both adre-
nal glands showed massive parenchymal hem-
orrhage (Figure 1A). The spleen weighed 40 g, 
and the cut surface showed fibrotic atrophy.

Microscopically, fresh hemorrhage in the adre-
nal parenchyma without inflammation was 
observed (Figure 1B, 1C). Gram staining 
showed positive cocci in pairs and chains, sug-
gestive of S. pneumonia (Figure 1D). In many of 
the organs, such as brain, heart, liver, and kid-
ney, gram-positive cocci were found in the 
lumen of numerous vessels. Careful examina-
tion of the lung parenchyma showed very mini-
mal inflammatory foci not containing cocci. 
Meningitis or other inflammatory foci were not 
found in any organs. Microscopically, multiple 
fibrin thrombi were evident in the glomerulus in 
the kidney and gastrointestinal tract (Figure 
1E). In spleen, fine subcapsular fibrosis with a 
lower number white pulp cells were found in the 
subcapsular area, and loss of germinal center 
of many follicles in the white pulp was also 
noted. Follicle atrophy with obscuration of the 
germinal center can be seen (Figure 2A, 2B).

Serological examination using postmortem 
blood samples were negative for anti-human 
immunodeficiency virus (HIV) antibody, Epstein-
Barr (EB) virus, anti-nuclear antibody, and anti-
RNP antibody.

Immunohistochemistry of spleen

Immunohistochemistry of the spleen was con-
ducted (Figure 2C-E, 2G) and results were com-
pared with control cases (a 55-year-old male 
who died from a falling accident; Figure 2F, 2H). 

Table 1. Laboratory data
First visiting Second visiting

White cell count (/μL) 6700 3200
Erythrocyte count (/μL) 464×104 571×104 

Hemoglobin (g/dL) 13.6 17.1
Hematocrit (%) 41.5 53.7
Platelet count (/μL) 233×103 27×103

Glucose (mg/dL) 111 4
AST (IU/L) 20 134
LDH (IU/L) 178 818
BUN (mg/dL) 18.4 27.0
Creatinine (mg/dL) 1.3 3.7
Sodium (mEq/L) 141 128
Potassium (mEq/L) 4 9.5
Chrolide (mEq/L) 104 89
Calcium (mEq/L) 9.3 9.3
C-reactive protein (mg/dL) 0.8 9.3
Hemolysis (-) (+)
AST, aspartate aminotransferase; LDH, lactate dehydroge-
nase; BUN, blood urea nitrogen.
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Figure 1. Pathological findings of the Waterhouse-Friderichsen syndrome. (A) Gross appearance of adrenal gland, 
(B) Low power view of adrenal gland. Massive hemorrhage can be seen. (C) Moderate power view of adrenal hemor-
rhage, (D) Proliferating gram positive cocci (Gram staining), (E) Fibrin thrombi were found in capillaries of glomeruli 
(phosphotungstic acid-hematoxylin staining). Scale bar = 1 mm (A); 100 μm (B); 50 μm (C); 20 μm (D, E).
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Specimens were subjected to immunohisto-
chemistry using antibodies CD3, CD8, CD20, 
CD68, CD79a, CD138, bcl-2, Ki-67 (Dako, 
Glostorup, Denmark), CD4, CD21 (Novovastra/
Leica Biosystems Nussloch GmbH, Germany). 
In addition, monoclonal antibodies specific for 
intercellular adhesion molecule grabbing non-
integrin receptor 1 (SIGN-R1; Santa Cruz, Santa 
Cruz, CA, USA) and macrophage receptor with 
collagenous structure (MARCO; Santa Cruz), 
which is a type of scavenger receptor, were 
used as markers of splenic marginal zone mac-
rophage. Metallophilic macrophages-1 (MOMA-
1; Santa Cruz) was used as a marker of splenic 
metallophilic macrophages [19]. Immunohisto- 
chemistry showed decreasing mantle zone lym-
phocytes that were positive for CD5. In addi-
tion, marginal zone macrophages, which are 
positive for SIGN-R1 and MARCO, were mark-
edly decreased compared with the control 
case. Obscuration of the germinal center that 
was mostly visualized by immunohistochemis-
try using CD20 and ki-67 antibodies and mar-
ginal zone metallophilic macrophages visual-
ized by anti MOMA-1 were also identified.

PCR analysis using formalin-fixed paraffin-
embedded specimen (FFPE)

DNA was extracted and purified using a QIAamp 
DNA FFPE Tissue Kit (Qiagen, Hilden, Germany) 

gonucleotide sequences for primer pairs have 
been previously described in detail [20]. The 
human β-actin gene was amplified as an inter-
nal control for effective DNA isolated from the 
FFPE specimens. The sequences of the primers 
were as follows: 5’ GTT GCG TTA CAC CCT TTC 
TTG 3’ (forward) and 5’ GTC ACC TTC ACC GTT 
CCA GT 3’ (reverse). The result was that the ply 
gene and the lytA gene specific for S. pneu-
moniae were amplified in the DNA from both 
lung and adrenal glands of the WFS case. All 
the FFPE specimens from the two controls were 
negative for the two genes. Samples from all 
cases were positive for β-actin amplification, 
indicating that no PCR inhibitors were present 
(Figure 3). The nucleotide sequence analysis of 
the amplified fragments was performed as pre-
viously reported [21]. Analysis specificity was 
ascertained by a BLAST search of the detected 
sequences.

Discussion

Pathological features of functional asplenia/
hyposplenia for postmortem diagnoses have 
not yet been established. In our review of litera-
tures, 13 cases of WFS underwent splenic 
autopsy after sepsis from S. pneumonia (Table 
2) [7-17]. In all cases, clinical diagnosis of func-
tional asplenia/hyposplenia was not made dur-
ing the clinical course. The high incidence of 

Figure 2. Pathological findings of the spleen in Waterhouse-Friderichsen syndrome. (A) Low power view of the spleen 
shows a decreased volume of white pulp. Germinal center of lymph follicle cannot be seen (hematoxylin and eosin 
stain). (B) Decreasing number of cells in the subcapsular region with fine fibrosis. (Masson trichrome staining), (C-H) 
Immunohistochemical analysis of WFS (C-E, G) and the control case (F, H). Fewer CD21 positive follicular dendritic 
cells (C) and CD5 positive mantle zone lymphocytes (D) are evident. Decreased MARCO (E) and SIGN-R1 (G) positive 
cells are also evident compared to the control case (F, H). Scale bar = 100 μm (A); 20 μm (B-H).

Figure 3. Results of PCR analysis. Presence of Streptococcus pneumoniae is 
shown in the lung and the adrenal gland of the patient by PCR analyses. Spe-
cific targets were amplified by real-time PCR using the ply and the lytA gene from 
S. pneumonia and β-actin as an internal control, showing detection of the 225-, 
the 272-, and the 150-bp products, respectively. M; marker, C1; control case 1, 
C2; control case 2.

according to manufactur-
er’s instructions. The extr- 
acted DNA of lung and 
adrenal glands without 
gram-positive cocci in the 
microscopic specimens of 
two autopsy cases were 
also prepared as controls. 
For molecular detection  
of S. pneumoniae, a PCR 
assay was performed to 
amplify the ply and lytA 
genes specific for S. pneu-
monia using DNA extracted 
from FFPE samples of the 
lung, adrenal gland, heart, 
spleen, and kidney. The oli-
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DIC and low incidence of preceding clinical 
manifestation of local infection are features of 
S. pneumonia infection related to WFS with 
asplenia/hyposplenia. In 10 of these 13 cases, 
the terms of ‘hypoplasty’, ‘atrophy’, or ‘fibrosis’ 
were used to comment on splenic pathology. 
Hypoplasty of follicles without germinal centers 
was additionally reported by Bisno et al [14]. 
More detailed examinations using immunohis-
tochemistry are few, and only Nanan and col-
leagues showed a possible defect in B-cell dif-
ferentiation as a feature of functional hypopla-
sia of the spleen by immunohistochemistry for 
lymphocyte heavy chains [17].

The marginal zone is a unique region of the 
spleen, which is situated at the interface of the 
red pulp with periarteriolar lymphoid sheath 
and follicles. In the marginal zone, two kinds of 
macrophages and B-cells (marginal zone B-cell) 
are present. One is the metallophilic macro-
phage located at the inner margin of the mar-
ginal zone adjacent to the periarteriolar lym-
phoid sheath and follicles; their potential func-
tion has not been explored. The other is a mar-
ginal zone macrophage that is positive for 
SIGN-R1 and/or MARCO; it plays a major role in 
filtering and cleaning S. pneumonia. SIGN-R1 
binds capsular polysaccharides, such as on S. 
pneumonia [17, 22, 23], while MARCO binds to 
S. aureus and Escherichia coli [24]. In addition, 
marginal zone macrophages and marginal zone 
B-cells have a direct intercellular interactions 
via MARCO expressed on marginal zone macro-
phages with an undetermined ligand on mar-
ginal zone B-cells [25]. The present report is 

the first description of a significant decrease in 
marginal zone macrophages shown by immuno-
histochemistry. We assume that the acquired 
pathology of the marginal zone, as shown in the 
present case, is notable for evaluating splenic 
function in postmortem examination of over-
whelming S. pneumonia infection. Various clini-
cal conditions, such as congenital disorder, 
sickle hemoglobinopathies, gastrointestinal 
disease, hepatic disorders, autoimmune disor-
ders, hematologic/neoplastic disorders, spe-
cial form infection, and circulatory disorders of 
the spleen, can possibly cause functional 
asplenia/hyposplenia [26]. In addition, we 
should note that aging has also been consid-
ered a cause of functional asplenia/hyposple-
nia. An autopsy study showed the size and 
weight of the spleen decreases with age by the 
sixth decade [27], while other studies fail to 
show a significant involution of the spleen at 
older age [28]. In an animal experimental study, 
the function of marginal zone macrophages 
was examined by quantitative analysis of 
SIGN-R1 expression, and function was not sig-
nificantly decreased in old mice compared with 
young mice; however, the number of marginal 
zone macrophages was lower in older mice 
[29].

PCR is a rapid, specific, and sensitive method 
for amplifying bacteria genes; therefore, PCR 
may also be useful for making early diagnoses 
and to decide therapeutic approaches for WFS 
patients. Additionally, PCR using FFPE has been 
used to identify the causative pathogenic 
organism by some researchers, and it has also 

Table 2. Spleen present autopsy cases of WFS with pneumococcal infection
Age Sex dic Local infection Spleen Other Ref

Clin Pathol
8 mo F ND P N 3.4 g, functionally hypoplastic 21 trisomy 7

28 yr F P ND acute bronchitis 180 g, normal 8

26 yr F P N N 42 g, fibrosis and hypoplasia systemic lupus erythematosis 9

56 yr F P ND N 170 g, normal 10

13 mo M N N N 60 g, normal sickle cell disease 11

23 mo M ND P N 28 g, normal sickle cell disease 11

13 yr M P N N 25 g, involution sickle cell disease 11

10 mo F ND P pneumonia 1×3 mm, extremely hypoplastic 12

54 yr F P P very mild in air space 48 g, suspicious of hypoplasia 13

45 yr F P N N 29 g, hypoplastic, infarction, lack of germianl center 14

61 yr F ND P N 13 g, fibtotic 15

16 yr F P ND N 35 g, small and fibrous Still’s disease 16

18 mo F P P N 9 g, hypoplasty dysgammagloblinemia 17
DIC, disseminated intravascular coagulation; clin, clinical; ref, references; pathol, pathological; yr, year-old; mo, month; ND, not described; P, present; N, none.
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been reported that the sensitivity of PCR using 
FFPE is comparable with using fresh tissue 
[30]. In the present case, we succeed in ampli-
fying S. pneumonia 16S rDNA using ply and 
lytA. The amplified products were confirmed to 
be homologous to S. pneumonia; therefore, a 
false-positive reaction with other microorgan-
isms did not occur in the present case. A confir-
mation of the consistency between both patho-
logical and molecular findings is essential to 
avoid misunderstanding PCR results.

In summary, herein we showed rapid, progres-
sive WFS with overwhelming S. pneumonia 
infection. The present case showed decreasing 
marginal zone macrophages in the spleen due 
to undetermined etiology and may possibly 
indicate a pathological change leading to life-
threatening infection of encapsulated bacteria. 
PCR analysis using FFPE specimens is useful 
for postmortem examination of infectious dis-
eases during autopsy.
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