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Three Autopsy Cases of Non-Meningococcal Waterhouse-
Friderichsen Syndrome with Hypoplastic Spleen or Post-
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We report three cases of Waterhouse-Friderichsen syndrome (WFS) that were confirmed during forensic autopsies.
Case 1 involved a man in his 50s post-splenectomy. Bacteriological examination revealed Streptococcus pneumoniae
(S. pneumonia). The patient was considered to have died of asphyxiation after aspirating vomit. Case 2 involved a
man in his 40s. Bacteriological examination again revealed S. pneumoniae. Histopathological examination showed
hypoplasia of the spleen. This patient was considered to have died of multiple-organ failure due to sepsis,
disseminated intravascular coagulation, and WFS. Case 3 involved a post-splenectomy woman in her 60s with a
history of systemic lupus erythematosus. Bacteriological examination revealed Streptococcus oralis. This patient was
considered to have died of multiple-organ failure due to sepsis, disseminated intravascular coagulation, and WFS.
These three cases were included among forensic autopsies conducted in the last 5 years. WFS has been considered a
rare disease, but may be more frequent than previously assumed. If a mildly ill patient displays a sudden change in
status and dies within a short period of time, we consider it necessary to perform not only bacteriological
examinations, but also histopathological examination of the spleen during autopsy.
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Introduction

Waterhouse-Friderichsen syndrome (WES) is a rare
disease that occurs as a result of sepsis, causing acute hem-
orrhagic necrosis of bilateral adrenal glands (acute adrenal
insufficiency), dot hemorrhages of the skin and shock, and
often resulting in death within 24 h (Fox 1971; Hamilton et
al. 2004; Wu et al. 2020). The prevalence of this disease is
unclear, but bilateral adrenal hemorrhage is seen in approxi-
mately 1% of routine autopsies (Xarli et al. 1978; Karki et
al. 2021). Although the mechanism of hemorrhage is
unknown, increased capillary resistance may facilitate the
development of adrenal hemorrhage, and stress-induced
increases in adrenocorticotropic hormone (ACTH) and cat-

echolamines may cause vasoconstriction and platelet aggre-
gation, contributing to subsequent hemorrhage (Kovacs et
al. 2001; Dhawan et al. 2015; Kumar et al. 2015; Karwacka
et al. 2018).

The most frequent chief complaint in the adrenal hem-
orrhage is pain, such as upper abdominal pain, lateral
abdominal pain, and back pain, followed by fever, hypoten-
sion, and nausea (Rao et al. 1989; Matsuzawa et al. 2015).
Disseminated intravascular coagulation (DIC) symptoms
also occur in patients with WFS, and skin hemorrhages, as
a somewhat specific finding in WFS among many nonspe-
cific symptoms, has been suggested to be caused by DIC
(Margaretten and McAdams 1958; Fox 1971). However,
whether adrenal hemorrhage is caused by DIC or endotox-
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Table 1. Information on the three cases.

Case 1

Case 2 Case 3

Age, Sex 50s male

Bacteria detected

Cause of death asphyxiation

Spleen condition
Time from initial symptom onset to death 16 h

Time from symptom becoming severe to 5t
death (estimated)

Streptococcus pneumoniae

(aspiration of vomitus)

post-splenectomy

60s female

Streptococcus oralis,
Staphylococcus aureus,
Escherichia coli

40s male

Streptococcus pneumoniae

multiple-organ failure multiple-organ failure

hypoplasia post-splenectomy
22h 27h
6h 4h

emia is unclear (Fox 1971; Karki et al. 2021). The main
bacterium detected in WFS cases is Neisseria meningitidis,
but many cases caused by other bacteria [e.g., Streptococcus
pneumoniae (S. pneumoniae)] have also been reported (Fox
1971; Hamilton et al. 2004; Hata et al. 2015; Karki et al.
2021). Some cases also show splenic dysfunction, which is
considered an important risk factor for WFS (Hata et al.
2015). Computed tomography (CT) is useful for detecting
adrenal hemorrhage, which appears as focal heterogeneous
high-density lesions on imaging (Karwacka et al. 2018).

We report three cases of non-meningococcal WFS in
adults with hypoplastic spleen or post-splenectomy status
that were confirmed in forensic autopsies during a 5-year
period. All showed findings suggestive of sudden death,
such as petechiae. The characteristics of each case are
shown in Table 1.

The presentation of this case report was approved by
the Ethics Committee of the Faculty of Medicine,
University of Yamanashi (No. 2605).

Case Presentation

Case 1

Medical history: The patient was a man in his 50s. His
spleen had been removed in childhood following a traffic
accident. After having dinner with his family around 19:00,
he developed chills and fever around 21:00. Vomiting,
diarrhea, and pain in the lower limbs started from around
23:00 and worsened, so he visited the hospital around 02:00
the next day. His temperature at that time was 39.8°C.
After undergoing blood examination and placement of an
intravenous drip, he was prescribed antibiotics and returned
home around 05:00. However, vomiting recurred and pain
in the lower limbs did not improve. Pain in the lower limbs
was alleviated after he took an antipyretic analgesic, and he
went to bed around 09:00. Around 13:00, his family found
him unconscious in the toilet and called an ambulance. His
heart was in a state of pulseless electrical activity when the
ambulance team arrived, and purpura-like rash was also
seen on the face. Chest compressions were performed, but
no resumption of heartbeat was achieved. Death was con-
firmed at 13:55.

Blood examination data from the hospital the patient

had visited at 02:00 are shown in Table 2. The vaccination
history of the patient was unknown. Rectal temperature at
the time of investigation by the police about 2 h after death
was 39°C.

Forensic autopsy and examination findings, and cause
of death: Autopsy was performed approximately 48 h after
death. The patient was 162 cm tall and weighed 60.8 kg.
His face was highly congested. Erythemas were found in
the face, thoracoabdominal region, and left and right ingui-

Table 2. Blood examination results for Case 1.

Items Values Reference values Units
White blood cells 11,000 3,900-9,800%* /uL
Hemoglobin 14.7 13.5-17.6* g/dL
CRP 0.39 =0.14 mg/dL
Total protein 7.2 6.7~8.3 g/dL
Albumin 3.8 3.8-5.2 g/dL
ALP 233 38-113 IU/L
AST 294 10-40 IU/L
ALT 249 5-40 IU/L
LDH 380 124- 222 IU/L
y-GTP 373 = 70%* 1U/L
Total bilirubin 1.28 0.3-1.2 mg/dL
BUN 239 8.0-22.0 mg/dL
Creatinine 1.16 0.61-1.04* mg/dL
UA 7.4 3.7-7.0% mg/dL
Sodium 141 136-147 mEq/L
Potassium 4 3.6-5.0 mEq/L
Chlorine 102 98-109 mEq/L
Calcium 9.9 8.5-10.2 mg/dL
CK 94 62-287* IU/L
Amylase 71 37~125 Iu/L
Glucose 125 70~109 mg/dL

*reference values in male.

CRP, C-reactive protein; ALP, alkaline phosphatase; AST,
aspartate aminotransferase; ALT, alanine aminotransferase;
LDH, lactate dehydrogenase; y-GTP, y-glutamyl transpepti-
dase; BUN, blood urea nitrogen; UA, uric acid; CK, creati-
nine kinase.
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nal regions (Fig. 1). Severe hemorrhage was found in
almost all of the bilateral adrenal glands (Fig. 2a, b). In
addition, swelling of the cervical and hilar lymph nodes,
enlarged tonsils, and severe redness of the pharynx and lar-
ynx (Fig. 2c) were found. A large amount of food residue
was present in the airways, almost completely obstructing
the right and left main bronchi (Fig. 2¢). A 3 x 2-cm
decomposing discoloration was also identified in the right
lower abdomen.

In the histopathological examination, bilateral adrenal
glands were highly hemorrhagic or necrotic, mainly in the
cortex (Fig. 3). The lungs showed relatively severe conges-
tive edema, and some bronchi were filled with food residue.
Hemophagocytic macrophages were identified in the bone
marrow.

In the bacteriological examination, a small number of
S. pneumoniae and Escherichia coli (E. coli) were detected
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in swabs of the subarachnoid space, respectively. Blood
culture examination was not performed.

Based on all of the above findings, the patient was
considered to have developed WFS after developing sepsis.
The patient was considered to have died of asphyxiation
due to aspiration of vomitus by impaired consciousness
caused by WFS.

Case 2

Medical history: The patient was a male in his 40s
with a history of gout. He was fishing with his friend from
around 23:00 (minimum temperature, approximately 28°C).
He continued fishing without taking a break, and drank
1,500 ml of beer while fishing. He took a break from
around 02:00 the next day, and vomited around 04:00, so he
and his friend returned home. Headache, lower limb
cramps, and hand convulsions appeared and worsened, so

Fig. 1. Erythematous or purpura-like rash spots on the skin in Case 1.
a) Thoracoabdominal region. b) Inguinal area. c) Enlargement of the left inguinal area in b. d) Enlargement of the

right inguinal area in b.
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Fig. 2. Macroscopic findings in Case 1.
a) Split surface of the left adrenal gland. b) Split surface of the right adrenal gland. c) Severe redness of the pharynx
and larynx.

v zcw" :
Fig. 3. Histopathological findings in Case 1.
a, b) Adrenal gland (HE stain: a, x 20; b, x 200). c) Necrosis of the adrenal gland (HE stain: x 200). Yellow bars indi-
cate | mm in a, and 100 gm in b and c.
HE, hematoxylin eosin.
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he went to the general hospital around 08:00. The patient
showed fever (40.5°C) with chills and shivers. Heatstroke
was suspected, so fluid replacement and antipyretic analge-
sic were administered, but symptoms remained unimproved
and he was hospitalized. Around 15:00 on the same day, he
was able to talk and defecate on his own, and CT showed
no adrenal hemorrhage. After hospitalization, he com-
plained of right lower back pain, and cyanosis, hypoglyce-
mia, decreased urine volume, and bloody stool appeared
after 20:00. Body temperature was 35.2°C at 21:00. Blood
glucose level increased to 171 mg/dL after glucose admin-
istration. However, SpO, decreased to 80% around 22:00,
then became unmeasurable, and blood glucose level
decreased to 31 mg/dL again. Liver failure, renal failure,
and DIC were suspected. Around midnight, he was trans-
ferred to another hospital for dialysis. However, a few min-
utes after starting the transfer, he entered cardiopulmonary
arrest (CPA), and cardiac rhythm could not be restored.
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Death was confirmed at 01:39, shortly after arrival at the
receiving hospital.

Table 3 shows blood examination data from the gen-
eral hospitals. Value 1 data were obtained at 09:00 (imme-
diately after visiting hospital), and Value 2 data were
obtained at 21:00 (at the time of the sudden change). The
vaccination history of the patient was unknown.

Forensic autopsy and examination findings, and cause
of death: Autopsy was performed approximately 48 h after
death. The patient was 168 cm tall and weighed 76.5 kg.
The skin of the whole body appeared highly congested,
with many skin hemorrhages (Fig. 4). Strong hemorrhage
was noted on the split surface of bilateral adrenal glands
(Fig. 5a, b). The spleen weighed 38 g (Fig. 5c, d). In addi-
tion, both the pharynx and larynx showed severe redness.

In the histopathological examination, bilateral adrenal
glands showed necrosis and strong hemorrhage, mainly in
the cortex (Fig. 6a-c). In the kidneys, thrombi were evident

Table 3. Blood examination results for Case 2.

Items Value 1 Value 2 Reference values Units
White blood cells 3,850 5,120 3,900-9,800* ns
Red blood cells 488 571 427-570* x 10%/uL.
Hemoglobin 16 18.4 13.5-17.6* g/dL
Platelets 22 35 13.1-36.2* X 10%/uL
PT 9.3 Uninspectable 10.5-13.5 sec
APTT 24.5 Uninspectable 24.3-36.0 sec
FDP 10 ~ 20 None =4 pg/mL
CRP 0.22 8.49 =0.14 mg/dL
Total protein 6.8 4.5 6.7-8.3 g/dL
Albumin 4.5 2.5 3.8-5.2 g/dL
ALP 230 293 38-113 1U/L
AST 58 396 10-40 IU/L
ALT 61 172 5-40 IU/L
LDH 304 1,240 124-222 IU/L
y-GTP 82 204 = 70* IU/L
Total bilirubin 1.13 1.74 0.3-1.2 mg/dL
BUN 20.6 27.2 8.0-22.0 mg/dL
Creatinine 1.1 2.93 0.61-1.04* mg/dL
UA 10.3 None 3.7-7.0%* mg/dL
Sodium 137 145 136-147 mEq/L
Potassium 3.6 5.5 3.6~5.0 mEq/L
Chlorine 97 99 98-109 mEq/L
Calcium 9.8 None 8.5~10.2 mg/dL
CK 154 236 62-287% IU/L
Amylase 33 84 37-125 IU/L
Glucose 98 171 70-109 mg/dL

*reference value in male.

Values 1 and 2 were measured at 09:00 and 21:00, respectively.

PT, prothrombin time; APTT, activated partial thromboplastin time; FDP, fibrin
degradation product; CRP, C-reactive protein; ALP, alkaline phosphatase; AST,
aspartate aminotransferase; ALT, alanine aminotransferase; LDH, lactate dehydroge-
nase; y-GTP, y-glutamyl transpeptidase; BUN, blood urea nitrogen; UA, uric acid,;

CK, creatine kinase.
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Fig. 4. Skin hemorrhage in Case 2.
a) Gluteal region. b) Right waist region. c¢) Right upper arm. d) Bilateral lower legs.

inside most glomeruli (Fig. 6d). In addition, hemorrhage
found in the heart was attributed to DIC. The spleen was
hypoplastic, with about half the normal amount of white
pulp and a small number of CD20-positive cells in the
white pulp (Figs. 6e, f and 7). Furthermore, numbers of
CD3-, CD5-, CD21-, and Ki67-positive cells were also
reduced (Fig. 8). More than moderate infiltration of neutro-
phils and lymphocytes was found in the lungs and small
intestine. Hemophagocytic macrophages were found in the
bone marrow.

In the bacteriological examination, blood culture
examination at the time of initial hospitalization detected S.
pneumoniae and Fusobacterium mortiferum.

Based on all of the above findings, the patient was
considered to have developed WFS and DIC after develop-
ing sepsis. The patient was considered to have died of mul-
tiple-organ failure due to sepsis, DIC, and WFS.

Case 3

Medical history: The patient was a woman in her 60s
who had developed systemic lupus erythematosus (SLE) at
15 years old. She and her father received influenza vacci-
nations from a visiting doctor around noon. She noted
numbness in the lower limbs, difficulty with body move-
ment, and appearance of dysarthria around 16:00. The next
day, symptoms had not improved and her father found her

lying down but conscious at around 15:00. She called for
an ambulance on her own, but was in CPA on arrival at the
hospital. Her heartbeat resumed after chest compressions
and administration of adrenaline, but ventricular fibrillation
occurred several minutes later. Chest compressions were
performed again, and her heartbeat resumed. However, her
pulse decreased from around 18:50 and she did not respond
to administration of adrenaline. Death was confirmed at
19:00.

Blood examination data from the family physician
(Value 1: 3 years and 9 months before death; Value 2: 2
months before death) and the hospital to which the patient
was transported at the time of death (Value 3) are shown in
Table 4. The patient also had autoimmune hemolytic ane-
mia (AIHA) and thrombocytopenic purpura at about the
same time as the onset of SLE, and her spleen had been
removed for treatment. These diseases had been in relative
remission in recent years, but steroid administration was
continued as replacement therapy due to adrenal insuffi-
ciency. The patient had also received vaccination for S.
pneumoniae about a year before death. Her medication
compliance appeared good. The medications she had been
taking were prednisolone, atorvastatin, alendronate, and
loxoprofen.

Forensic autopsy and examination findings, and cause
of death: Autopsy was performed approximately 38 h after
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Fig. 5. Macroscopic findings in Case 2.
a) Split surface of the left adrenal gland. b) Split surface of the right adrenal gland. c¢) Anterior view of the spleen. d)
Posterior view of the spleen.

death. She was 153 cm tall and weighed 54.7 kg. The skin
over the entire body was highly congested with many egg-
sized or smaller hemorrhagic spots on the skin surface (Fig.
9). An 18 X 1-cm old scar was apparent in the left hypo-
chondriac region. Bilateral adrenal glands were highly
atrophic, and rather severe hemorrhage was evident over
the entire split surface (Fig. 10a, b). The spleen was absent.
Moderate numbers of hemorrhages of 2 x 2 cm or smaller
were scattered throughout the greater omentum, mesentery,
and retroperitoneum. Bilateral ovarian hemorrhages were
also found (Fig. 10c). Many hemorrhages of 0.3 x 0.3 cm
or smaller were apparent in the posterior part of the right
occipital lobe of the brain (Fig. 10d). These hemorrhages
were attributed to DIC. In addition, redness of the pharynx
and larynx was found.

In the histopathological examination, bilateral adrenal
glands were highly atrophic, with necrosis and strong hem-
orrhage centered on the cortex (Fig. 11a-c). Thrombi were
found in most glomeruli in the kidneys (Fig. 11d), and hem-
orrhage evident in the heart, lungs, liver, and kidneys was
attributed to DIC. Hemophagocytic macrophages were
found in the bone marrow.

In the bacteriological examination, blood culture

b)

examinations identified E. coli, Staphylococcus aureus, and
Streptococcus oralis. In addition, E. coli and Staphylococcus
aureus were detected from pharyngeal swabs.

Based on all of the above findings, the patient was
considered to have developed WFS and DIC after develop-
ing sepsis. The patient was considered to have died of mul-
tiple-organ failure due to sepsis, DIC, and WFS.

Discussion

The spleen has a phagocytic filtering function, remov-
ing blood-derived microorganisms and producing antibod-
ies (Di Sabatino et al. 2011). Most bacteria are first opso-
nized and then removed by macrophages in the spleen and
liver. However, for encapsulated bacteria such as S. pneu-
moniae, opsonization is insufficient because the capsule
prevents complement binding. Removal of these bacteria
requires immunoglobulin (Ig)M, produced by IgM memory
B cells in the spleen, which can facilitate phagocytosis
either directly or via complement deposition on the capsule
(Kruetzmann et al. 2003; Di Sabatino et al. 2011).
Therefore, in hyposplenism (as either splenic dysfunction
or a post-splenectomy state), removal of these bacteria does
not proceed and the risk of developing sepsis is elevated
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Fig. 6. Histopathological findings in Case 2.
a, b) Adrenal gland (HE stain: a, x 20; b, x 200). c) Necrosis of the adrenal gland (HE stain: x 200). d) Kidney (PTAH
stain: x 200). e, f) Spleen (HE stain: g, x 40; h, x 100). Yellow bars indicate 1 mm in a, 100 zm in b-d, 500 ym in e,
200 ym in f.
HE, hematoxylin eosin; PTAH, phosphotungstic acid hematoxylin.

(Davidson and Wall 2001). The aggravation of infectious
diseases after splenectomy is called “overwhelming post-
splenectomy infection” (OPSI), and requires timely
response (Davidson and Wall 2001; Di Sabatino et al.
2011). In addition, spleen atrophy and dysfunction can
occur in a variety of conditions, including alcoholism, and
autoimmune diseases such as SLE (William and Corazza

2007; Di Sabatino et al. 2011; Kirkineska et al. 2014). If a
patient suspected adrenal insufficiency visits the outpatient
departments, taking abdominal CT is necessary to confirm
the presence of not only adrenal hemorrhage but also hypo-
plastic spleen (or post-splenectomy). In addition, if an atro-
phic spleen remains, immunohistochemical specimens can
show obscuration of the germinal center and reduction of
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Fig. 7. CD20 immunohistological findings for the spleen in Case 2 (a, ¢, e) and a control (b, d, ).
a, b) Appearance of specimen slides. c-f) Pathological tissues (c, d: x 40; e, f: x 200). a, c, ¢) Spleen from Case 2. b, d,
f) Normal spleen of a male in his 60s (control). Yellow bars indicate 500 xm in ¢ and d, and 100 yum in ¢ and f.

CD, cluster of differentiation.

marginal zone macrophages (Hata et al. 2015). In the pres-
ent series, Case | and 3 had no spleens. The patient in Case
2 was considered to have hyposplenism based on autopsy
and histopathological findings.

Several case reports have described WFS with SLE
(Vachtenheim 1971; Guertler and Carter 1996; Friedl et al.
2017). SLE carries a high risk of death from infectious dis-
eases because the disease causes an immunocompromised

state due to factors such as decreased phagocytosis by
immune cells and reduction in serum complement levels
(Cuchacovich and Gedalia 2009; Mitander et al. 2018). As
mentioned earlier, complement is involved in the removal
of encapsulated bacteria, so reductions in complement are
considered to make the removal of them difficult. In addi-
tion, the use of steroids and immunosuppressive drugs in
the treatment of SLE also promotes an immunocompro-
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Fig. 8. Immunohistological findings for the spleen in Case 2 (a, ¢, e, g) and a control (b, d, f, h).

a, b) CD21 (white pulp, x 200). c, d) CD3 (red pulp, x 400). e, f) CDS5 (red pulp, x 400). g, h) Ki67 (red pulp, x 400).
a, ¢, e, g) Spleen from Case 2. b, d, f, h) Normal spleen of a male in his 60s (control). Yellow bars indicate 100 gm in a
and b, and 50 ym in c-h.

CD, cluster of differentiation.
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Table 4. Blood examination results for Case 3.

Items Value 1 Value 2 Value 3 Reference values Units
White blood cells 5,400 6,600 18,000 3,500-9,100% /ulL
Band neutrophils None None 8 0.0-6.0 %
Segmented neutrophils None None 71 32.0-73.0 %
Eosinophils None None 1 0.0- 6.0 %
Basophils None None 0 0.0-2.0 %
Monocytes None None 0.0-8.0 %
Lymphocytes None None 17 18.0-59.0 %
Red blood cells 438 448 384 376-500* x 10%uL
Hemoglobin 14.1 13.6 11.8 11.3-15.2% g/dL
Hematocrit 42.6 40.6 None 33.4-44.9% %
Platelets 33.8 33.6 2.7 13.0-36.9* X 10%/uL
PT None None 38 10.5-13.5 sec
APTT None None 87 24.3-36.0 sec
CRP 0.06 None 17.82 = 0.14 mg/dL
Total protein 6.4 6 39 6.7-8.3 g/dL
Albumin None 34 2 3.8-52 g/dL
ALP None None 258 38-113 IU/L
AST 20 24 3,790 10- 40 IU/L
ALT 21 21 2,639 5-40 IU/L
LDH None None 7110 124-222 1U/L
y-GTP 22 24 None = 30% 1U/L
Total bilirubin None None 1.6 0.3-1.2 mg/dL
BUN 15 16 34.7 8.0-22.0 mg/dL
Creatinine 0.75 0.63 3.93 0.47-0.79* mg/dL
UA 4 4 14.7 2.5-7.0% mg/dL
Sodium 140 142 156 136-147 mEq/L
Potassium 4.1 3.6 8.7 3.6-5.0 mEq/L
Chlorine 105 107 94 98 - 109 mEq/L
Calcium None 8.6 None 8.5-10.2 mg/dL
CK None 25 406 45-163* IU/L
Glucose 111 93 17 70-109 mg/dL

*reference value in female
Values 1 and 2 were measured by the family physician treating SLE, approximately 3 years 9
months and 2 months before death, respectively. Value 3 was measured at the hospital to which the

patient was transported at the time of death.

PT, prothrombin time; APTT, activated partial thromboplastin time; CRP, C-reactive protein; ALP,
alkaline phosphatase; AST, aspartate aminotransferase; ALT, alanine aminotransferase; LDH,
lactate dehydrogenase; y-GTP, y-glutamyl transpeptidase; BUN, blood urea nitrogen; UA, uric acid;

297

CK, creatine kinase.

mised state. Further, prolonged administration of steroids
can suppress ACTH secretion with negative feedback,
resulting in atrophy of the adrenal cortex (Dinsen et al.
2013; Raff et al. 2014; Giiven 2020). When this more vul-
nerable adrenal gland is exposed to septic stress, WFS may
be more likely to develop and may prove more lethal than
the state without adrenal atrophy. SLE can also be associ-
ated with diseases in which splenectomy may be chosen as
the treatment, such as AIHA and thrombocytopenia (Fayyaz
et al. 2015; Justiz Vaillant et al. 2022). Functional asplenia
(autosplenectomy) occurs in approximately 5% of SLE
patients, and anatomical asplenia is also found in a small

number of cases (Dillon et al. 1982; Santilli et al. 2003;
Leipe et al. 2007). In particular, some reports have found
no correlation between SLE activity and hyposplenism
(Neilan and Berney 1983; Di Sabatino et al. 2011), so SLE
patients should be careful about infection by encapsulated
bacteria, regardless of severity. In addition to SLE, WFS
cases associated with autoimmune diseases such as rheuma-
toid arthritis have also been reported (Guertler and Carter
1996; Hamilton et al. 2004), and these diseases are consid-
ered to be associated with splenic dysfunction. Case 3 was
considered likely to have become fatal with the onset of
adrenal hemorrhage due to the history of SLE, adrenal atro-
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Fig. 9. Hemorrhagic spots in Case 3.
a) Right buttock. b) Medial side of bilateral thighs. c) Enlargement of the medial side of the left thigh from b. d) En-
largement of the medial side of the right thigh from b.

phy, and splenectomy. SLE should thus be considered a
risk factor for WFS in terms of both pathophysiology and
treatment.

To summarize the clinical course of the three presented
cases, all cases were considered to involve an immunocom-
promised state (hypoplastic spleen or post-splenectomy).
The cause of pain in the lower limbs in Case 1 is unknown,
but this symptom is often observed in WFS cases (Ferguson
and Chapman 1948; Emori et al. 2016; Ikeda et al. 2019).
Although an adult in their 50s asphyxiating due to aspira-
tion of vomitus is rare, his family confirmed that the patient
had been vomiting in the toilet before falling unconscious.
The patient was therefore considered to have died of
asphyxiation due to aspiration of vomitus under a state of
impaired consciousness caused by WFS. The hyperglyce-
mia at 21:00 in Case 2 was the result of correcting the
hypoglycemia with glucose administration. However,
blood glucose levels subsequently decreased again to 31
mg/dL around 22:00. Thus, the adrenal insufficiency may

be present if the blood glucose level decreases immediately
after glucose administration. Although the cause of hypo-
plastic spleen was unknown, the patient had a history of
gout, suggesting the possibility of alcoholic spleen hypopla-
sia. In all three cases, there were few specific findings or
examination results that could clearly diagnose sepsis.
However, considering not only the multiple findings or
examination results observed at clinical courses and autopsy
but also the presence of WFS, it seems reasonable to con-
clude that all three cases had sepsis.

The times at which symptoms were estimated to have
become more severe in each case may also be relevant.
According to Table 1, the time from first symptom appear-
ance to death in Case 1-3 was in the range of 16-27 h,
roughly one day. In addition, assuming that the estimated
times of worsening symptoms were 09:00, 20:00, and 15:00
in Case 1-3, respectively, the time from symptoms becom-
ing severe to death was in the range of approximately 4-6 h.
Therefore, WFS may be a disease in which the time of mild
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Fig. 10. Macroscopic findings in Case 3.

a) Split surface of the left adrenal gland. b) Split surface of the right adrenal gland. c) Bilateral ovarian hemorrhage. d)
Brain (right occipital lobe) hemorrhage.

Fig. 11. Histopathological findings in Case 3.

a, b) Adrenal gland (HE stain: a, x 40; b, x 200). c) Necrosis of the adrenal gland (HE stain: x 200). d) Kidney (PTAH
stain: x 200). Yellow bars indicate 500 gm in a, and 100 gm in b-d.

HE, hematoxylin eosin; PTAH, phosphotungstic acid hematoxylin.
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disease is relatively long, on the other hand, the time from
sudden change to death is short. Furthermore, not only sep-
sis and DIC, but also adrenal hemorrhage and adrenal insuf-
ficiency due to WFS must be treated promptly within that
short window. If the presence of WES is not kept in mind,
adrenal insufficiency may go unnoticed and the patient will
then be at high risk of death. This sudden change can lead
to confusion or misunderstandings among the family mem-
bers of the affected patients. In fact, one report has already
described a case in which the family of the patient sus-
pected medical malpractice due to delayed clinical diagno-
sis in a WFS autopsy case for a patient that died about an
hour after the sudden change (Mascolo et al. 2021).

Vaccination histories were unknown in Case 1 and 2.
However, in Case 3, the patient had been vaccinated against
S. pneumoniae. Prevention of WFS includes reducing the
risk of preceding severe infections. Centers for Disease
Control and Prevention and some reports recommends vac-
cination against S. pneumoniae and other pathogens for
congenital or acquired asplenia (Buzelé et al. 2016; Centers
for Disease Control and Prevention 2022). In fact, reports
have described WFS in post-splenectomy patients who
were not properly vaccinated (Hale et al. 2016), and also
due to bacteria of other serotypes even in patients with vac-
cination (Lindblad and Lindblad 1990; Friedl et al. 2017).

The above three cases were autopsied within a 5-year
period. WFS is considered a rare disease, but may be more
frequent than previously assumed. This pathology is diffi-
cult to manage, so the degree of recognition needs to be
increased, especially in outpatient departments. If an appar-
ently mildly ill patient suddenly deteriorates and dies within
a short period of time, bacterial tests (preferably blood cul-
tures) and autopsy are necessary. At autopsy, evaluation of
splenic function by histopathological examination is also
important, even in the absence of macroscopic splenic
hypoplasia.

In conclusion, three patients with WFS were autopsied
within a 5-year period. All the patients had hyposplenism
and were considered immunocompromised, especially with
regard to encapsulated bacteria. Knowing in advance the
functional status of the spleen, the history of SLE and other
such factors will quicken the response to not only sepsis
and DIC, but also WFS causing adrenal insufficiency due to
adrenal hemorrhage.
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