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Background: Sepsis can lead to life-threatening complications such as

hemophagocytic lymphohistiocytosis (HLH) and bilateral adrenal hemorrhage

(BAH), commonly known as Waterhouse-Friderichsen syndrome. HLH involves

severe inflammation and organ damage, often linked with infections and

autoimmune diseases, while BAH leads to adrenal insufficiency, typically caused

by Neisseria meningitidis, though Escherichia coli (E. coli) is a rare cause.

Case presentation: A 27-year-old Japanese woman, with a history of diabetes

mellitus and obesity, presented with a complicated urinary tract infection. She

commenced oral levofloxacin treatment five days before hospital admission. Her

medications included prednisolone 5 mg/day, trimethoprim-sulfamethoxazole

for pyoderma gangrenosum, and oral hypoglycemic agents. Upon admission,

her vital signs, including body temperature and blood pressure, were stable,

and her body mass index was recorded at 49.8. Laboratory tests indicated

elevated white blood cell count and C-reactive protein. She was diagnosed with

a urinary tract infection and was treated with levofloxacin and trimethoprim-

sulfamethoxazole. On day 16 of hospitalization, her general condition rapidly

worsened, leading to her sudden death on day 18. Premortem blood tests

showed cytopenia, and blood cultures tested positive for E. coli. Autopsy

imaging using computed tomography revealed enlargement and high density

of the left adrenal gland. Postmortem pathology identified bilateral adrenal

hemorrhages with focal necrosis. Extensive erythrophagocytic macrophages

were observed in the bone marrow, spleen, and liver. Disseminated intravascular

coagulopathy was confirmed through the detection of a renal glomerular

fibrin thrombus.
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Conclusion: We concluded that E. coli infection had caused multiple fatal

conditions, such as disseminated intravascular coagulopathy, bilateral adrenal

hemorrhage, and suspected hemophagocytic lymphohistiocytosis leading to

the death of the young woman.

KEYWORDS

bilateral adrenal hemorrhage, hemophagocytic lymphohistiocytosis, disseminated
intravascular coagulopathy, sepsis, Escherichia coli

Introduction

Sepsis, recognized as a life-threatening organ dysfunction,
arises from a dysregulated host response to infection (1). This
condition can lead to a range of severe complications, one
notable example being hemophagocytic lymphohistiocytosis
(HLH). HLH is a fatal inflammatory syndrome that is
pathologically characterized by extensive hemophagocytic activity
by macrophages in various organs (2–4). While HLH in children
predominantly occurs as a familial disorder, adult-onset HLH is
typically associated with various underlying conditions such as
viral infections, lymphoproliferative diseases, and autoimmune
disorders (5, 6). HLH caused by bacterial infection is less common
(5, 6), and HLH secondary to Escherichia coli (E. coli) infection is
rarely reported (7, 8).

Bilateral adrenal hemorrhage (BAH), classically known as
Waterhouse-Friderichsen syndrome, was initially described by
Rupert Waterhouse in 1911 and Carl Friderichsen in 1918 (9). BAH
is a rare syndrome associated with adrenal insufficiency that can
occasionally become life-threatening. It is linked to a spectrum
of infectious and non-infectious conditions (9, 10). The most
commonly identified infectious agent is Neisseria meningitidis (10),
as initially noted by Friderichsen (9). Nonetheless, a variety of
bacteria have been implicated in the etiology of this syndrome (9),
with E. coli-related instances being notably rare (11, 12).

In the present case, we report that the postmortem
pathological examinations show the unusual co-occurrence of
BAH and hemophagocytosis in the reticuloendothelial system
as complications in the progression of sepsis, instigated by an
infection with the widely encountered bacterium, E. coli.

Case description

A 27-year-old Japanese woman, with a history of diabetes
mellitus and obesity, and previous diagnosis of a complicated
urinary tract infection (UTI) based on an elevated serum
inflammatory response and bacteriuria, was prescribed oral
levofloxacin, which had been initiated 5 days prior to admission.
Her medical history included long-term treatment with

Abbreviations: BAH, bilateral adrenal hemorrhage; CT, computed
tomography; DIC, disseminated intravascular coagulopathy; E. coli,
Escherichia coli; HLH, hemophagocytic lymphohistiocytosis; UTI, urinary
tract infection.

prednisolone, trimethoprim-sulfamethoxazole for pyoderma
gangrenosum and oral hypoglycemic agents such as biguanides,
SGLT2 inhibitors, and GLP-1 receptor agonists for latent
autoimmune diabetes started 8 years ago. Pyoderma gangrenosum
developed one year before admission, and she was started on
50 mg/day of prednisolone, which was tapered to 5 mg/day to
account for the effect on her underlying diabetes mellitus, while
she had recurrent refractory leg ulcers and skin and soft tissue
infections that were repeatedly treated with antibacterial agents.
Five days before her admission, blood tests revealed HbA1c
level of 6.9%, C-peptide immunoreactivity (CPR) level of 7.2
ng/mL, triglycerides (TG) of 192 mg/dL, HDL cholesterol of
66 mg/dL, and LDL cholesterol of 137 mg/dL. Three days before
her admission, she developed anorexia and headache. Upon
admission, her vital signs, including body temperature and blood
pressure, were within normal ranges, while her body mass index
was recorded at 49.8. There were no abnormal findings in the chest
or abdomen, and the neurological evaluation was unremarkable.
Laboratory investigations revealed an elevated white blood cell
count and increased CRP levels (Table 1). Urinary analysis showed
the presence of ketones and bacteria; however, pyuria was not
detected (Table 1). Her venous blood gas analysis showed a
pH of 7.360 and HCO3- of 20.5. Although the urinary analysis
results were atypical, she was diagnosed with a complicated UTI
based on her clinical history of recurrent UTIs and treated with
levofloxacin and trimethoprim-sulfamethoxazole. In addition,
prednisolone was dosed up to 6 mg per day. She was not eating
enough and was admitted to the hospital for intravenous therapy
and blood glucose monitoring. Despite the ongoing treatment
and an initial improvement in her symptoms during the course
of hospitalization, her condition deteriorated rapidly on day 16
of hospitalization, leading to her sudden death on day 18. She
presented with nausea and vomiting, with complaints of diarrhea
and decreased urinary output before her death. Premortem blood
tests indicated bicytopenia (Table 2), and two sets of blood cultures
yielded positive results for E. coli using the BD BACTECTM bottle.

Autopsy imaging using computed tomography (CT) showed
enlargement and high density of the left adrenal glands compared
to its normal appearance on images taken 5 months prior
(Figure 1). Postmortem anatomical examinations revealed
the presence of an accumulation of inflammatory cells in
the renal pelvis and renal medulla. Despite the absence of
bacteriological evidence, the pathology report indicated the
presence of pyelonephritis (Figure 2). They also revealed an adrenal
hemorrhage and necrosis (Figure 3), with the left adrenal gland
showing more severe hemorrhage and necrosis compared to the
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TABLE 1 Laboratory findings of blood and urine tests on admission.

Inspection items Result Reference
range

Inspection
items

Result Reference range

White blood cell count 12,400/µl (3,300–8,600) Creatinine 0.54 mg/dl (0.46–0.79)

Red blood cell count 428 × 104 /µl (386–492 × 104) Sodium 143 mmol/l (138–145)

Hemoglobin 11.2 g/dl (11.6–16.0) Potassium 4.1 mmol/l (3.6–4.8)

Hematocrit 36.3% (35.1–44.4) Chloride 107 mmol/l (101–108)

Blood platelet 41.2 × 104 /µl (15.8–34.8) Glucose 101 mg/dl (73–109)

Total protein 8.1 g/dl (6.6–8.1) C-reactive protein 2.25 mg/dl (0.00–0.14)

Albumin 4.4 g/dl (4.1–5.1) Urinary analysis

Alkaline phosphatase 93 U/l (38–113) White blood cell –

Aspartate aminotransferase 117 U/l (13–30) Urobilinogen –

Alanine aminotransferase 106 U/l (7–30) Protein –

Lactate dehydrogenase 138 U/l (124–222) Occult blood +

Creatine kinase 526 U/l (41–153) Keton body +++

Amylase 33 U/l (44–132) Sugar +

Blood urea nitrogen 10.7 mg/dl (8.0–20.0) Bacteria +

TABLE 2 The results of blood test and blood gas analysis immediately after death.

Inspection items Result Reference
range

Inspection
items

Result Reference range

White blood cell count 23,200 /µl (3,300–8,600) Blood urea nitrogen 35.7 mg/dl (8.0–20.0)

Red blood cell count 381 × 104 /µl (386–492 × 104) Creatinine 3.99 mg/dl (0.46–0.79)

Hemoglobin 10.1 g/dl (11.6–16.0) Sodium 148 mmol/l (138–145)

Hematocrit 35.0% (35.1–44.4) Potassium 5.4 mmol/l (3.6–4.8)

Blood platelet 2.1 × 104 /µl (15.8–34.8) Chloride 102 mmol/l (101–108)

Total protein 5.4 g/dl (6.6–8.1) Glucose 101 mg/dl (73–109)

Albumin 2.6 g/dl (4.1–5.1) C-reactive protein > 30.0 mg/dl (0.00–0.14)

Alkaline phosphatase 335 U/l (38–113)

Aspartate aminotransferase 57 U/l (13–30) Blood gas analysis

Alanine aminotransferase 49 U/l (7–30) pH 6.66 (7.38–7.46)

Lactate dehydrogenase 428 U/l (124–222) pO2 46.0 (74.0–108.0)

Creatine kinase 75 U/l (41–153) pCO2 78.6 (32.0–46.0)

Amylase 15 U/l (44–132) HCO3– 8.8 (21.0–29.0)

Gamma-glutamyl transpeptidase 114 U/l (9–32) Base excess −26.1 (−2.0 to 2.0)

Cholinesterase 252 U/l (201–421) Standard bicarbonate
concentration

5.9 (21.0–29.0)

right. Numerous erythrophagocytic macrophages were observed
in the bone marrow (Figure 4), spleen (Figure 5), and liver. Acute
splenitis with neutrophil infiltration, indicative of sepsis, was also
observed in the spleen (Figure 5). The renal glomerular fibrin
thrombus, confirming disseminated intravascular coagulopathy
(DIC), was identified (Figure 6). Hemorrhagic diathesis secondary
to DIC was evident with intra-alveolar, subpleural, subperitoneal,
and ileal mucosal bleeding. The likely source of the E. coli leading
to sepsis was identified as pyelonephritis. The autopsy concluded
that the cause of death was acute adrenal insufficiency due to BAH
and hemophagocytosis associated with sepsis caused by E. coli.

Discussion

This case report details the autopsy findings of a young woman
who succumbed to both BAH and suspected HLH secondary
to an E. coli infection. HLH is characterized by a wide range
of symptoms including fever, organomegaly, hepatomegaly,
splenomegaly, lymphadenopathy, liver injury, consumptive
coagulopathy, hypertriglyceridemia, pancytopenia, neurologic
dysfunction, dermatologic abnormalities, and increased acute-
phase reactants, especially serum ferritin (2). Due to the variability
of these symptoms, HLH diagnosis can be challenging. According
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FIGURE 1

Abdominal CT images. (A) Postmortem CT imaging reveals hyperdensity in the left adrenal gland (indicated by a circle), suggestive of adrenal
hemorrhage. (B) A CT scan performed 5 months prior to admission shows no abnormalities in the left adrenal gland (indicated by a circle). CT,
computed tomography.

FIGURE 2

Histopathological examination of the kidney with H&E staining. (A) Renal pelvis and (B) renal medulla. Both regions show infiltration of inflammatory
cells, predominantly neutrophils, along with evidence of hemorrhage, consistent with pyelonephritis. H&E, hematoxylin and eosin.

to the HLH-2004 diagnostic guidelines, primarily developed for
pediatric cases, clinical diagnosis of HLH should fulfill five out
of the following eight criteria: fever, splenomegaly, cytopenias
(affecting at least two of three lineages), hypertriglyceridemia
and/or hypofibrinogenemia, hemophagocytosis in bone marrow,
spleen, or lymph nodes, ferritin ≥ 500 ng/mL, low or absent
NK-cell activity, soluble CD25 > 2,400 U/mL (13). However,
these criteria have not been validated for secondary HLH (14),
making its diagnosis during sepsis particularly difficult. In cases
of infection, organomegaly, cytopenia, and elevated serum ferritin
levels are indicative of HLH, as they reflect erythrophagocytosis in
the lymphoreticular system. In our case, we were unable to test for
triglyceride, fibrinogen, ferritin, NK cell activity, or soluble CD25
because the patient died suddenly, and we did not suspect HLH in
the premortem phase. In addition, hepatosplenomegaly was not
discernible due to significant obesity and concurrent fatty liver.
Although a definitive diagnosis of HLH could not be made due
to a lack of testing, we actively suspected the possibility of HLH
because blood test data showed bicytopenia, pathological findings
indicated signs of hemophagocytosis, and there have been reports
of HLH in patients with bacterial infections, including E. coli (5–8).

Suspecting acute adrenal insufficiency, including classical
Waterhouse-Friderichsen syndrome, but constrained by the rapid
clinical progression, we could not perform some tests including
endocrinological tests. Autopsy findings revealed an enlarged left
adrenal gland and bilateral hemorrhage with necrosis of the adrenal
cortices. Over the years, there have been reports of BAH related

to multiple etiologies, including various systemic bacterial and
viral infections (9, 10), with Neisseria meningitidis as a notable
causative agent of BAH. However, cases of BAH resulting from
E. coli infection are rare (11–13). Although E. coli is a common
microorganism, many internists may overlook the complications
associated with BAH. BAH, leading to adrenal insufficiency (15,
16), is often predisposed by DIC (17, 18). While antemortem
diagnosis of BAH is challenging, serial CT imaging of the abdomen
is valuable (15, 16), as confirmed by our autopsy imaging.

As far as we know, there is no previous report regarding
the combination of BAH and HLH. However, both conditions
are fatal and can be caused by severe infections, including
sepsis. Additionally, radiological diagnosis has limitations for both
conditions, and several tests are often required, including genetic
and pathological tests. In fact, in our case, the diagnosis was made
after evidence of these diseases was collected through a postmortem
pathological autopsy. Based on these findings, we speculated that
the lack of previous reports may be due to underdiagnosis.

The patient had multiple risk factors including diabetes
mellitus, severe obesity, and chronic oral corticosteroid use.
Although we could not determine her immune status before death,
it was likely insufficient due to her history of recurrent infections,
including skin and soft tissue infections. In addition, although
we did not diagnose pyelonephritis during her pre-mortem phase,
we observed evidence of it during the postmortem autopsy. The
rapid progression of the infection leading to her death may
have been due to her immunocompromised status. The sepsis,
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FIGURE 3

Histopathological findings of the left adrenal gland. (A) Gross examination reveals hemorrhage (arrow) in the left adrenal gland.
(B) Low-magnification Giemsa staining highlights a weakly stained area (arrows) consistent with necrosis, with no bacteria observed. (C) Higher
magnification of the weakly stained area in (B), examined under H&E staining, reveals extravascular erythrocytes and necrotic cells surrounded by
neutrophils, indicating extensive hemorrhages and necrosis. H&E, hematoxylin and eosin.

FIGURE 4

Histopathological findings of the bone marrow. (A) Macrophages engulfing erythrocytes, observed with H&E staining. (B) Erythrophagocytic
macrophages demonstrate CD68 positivity on immunoperoxidase staining. H&E, hematoxylin and eosin.

secondary to E. coli infection from pyelonephritis, likely increased
her body’s demand for steroids, and persistent infection-related
hypercytokinemia may have ensued. We concluded that the E. coli

infection precipitated multiple fatal conditions such as DIC, BAH
and conditions in which HLH may be suspected, culminating in the
young woman’s death.
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FIGURE 5

Histopathological findings of the spleen. H&E staining reveals neutrophils (black arrows) and erythrophagocytosis by macrophages (white arrow).
H&E, hematoxylin and eosin.

FIGURE 6

Histopathological findings of the kidney. Phosphotungstic acid-hematoxylin staining reveals a fibrin thrombus (arrow) within the glomerular
capillary, indicative of disseminated intravascular coagulopathy (DIC).

This study has some limitations: the course of events
leading up to her death was so rapid that there were only
limited test results available. Specifically, the complications of
HLH and BAH were not recognized during her life, and the
necessary tests for diagnosing HLH, including hypercytokinemia,
were not conducted, which prevented a definitive diagnosis.
Additionally, the possibility of familial HLH could not be ruled
out. Although fibrin thrombi in the renal glomeruli demonstrated
pathomorphological findings consistent with DIC, coagulability
studies to confirm DIC could not be performed. Antimicrobial

susceptibility testing of the E. coli identified postmortem was
not performed, so the effectiveness of the levofloxacin and
trimethoprim-sulfamethoxazole treatments administered during
her illness could not be evaluated. In addition, urine culture was
not performed at the time of death, and bacteriological E. coli
urinary tract infection could not be proven. However, because
we found evidence of adrenal hemorrhage, pyelonephritis, and
hemophagocytosis in the reticuloendothelial system at autopsy, we
believe this is an important case report, despite the limitations
mentioned above.
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Conclusion

We presented an autopsy case of a young woman with
bilateral adrenal hemorrhage (BAH) and hemophagocytosis in
the reticuloendothelial system associated with Escherichia coli
infection. Although E. coli is a common bacterium, it can cause
serious complications such as BAH and hemophagocytosis,
even in young adults, particularly when the patient is
immunocompromised due to steroid therapy or other conditions,
potentially leading to death. To our knowledge, there have
been no previous reports of simultaneous adrenal hemorrhage
and hemophagocytosis induced by E. coli, making this a
valuable case report.
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