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From pneumonia to pericarditis, from sepsis to splenic
abscess, Streptococcus pneumoniae is the causative agent
of a diverse array of pyogenic disease. With the introduc-
tion of vaccines and effective antibiotic treatments, the
incidence of complicated streptococcal infection has de-
clined. We report a case of S. pneumoniae bacteremia, in
the setting of occult sinusitis, complicated by
hemophagocytic lymphohistiocytosis (HLH), disseminat-
ed intravascular coagulation (DIC), and recurrent pneu-
mococcal infection. Although severe streptococcal infec-
tion has been associated with immunodeficiency or sple-
nectomy, no such predisposition was identified in our
patient. We discuss the association of streptococcal infec-
tion with HLH and DIC and review occult sinusitis as a
source of pneumococcal bacteremia, with the goal of en-
hancing the Billness scripts^ of general medical practi-
tioners to include such entities.
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INTRODUCTION

Streptococcus pneumoniae was first described independently
by Louis Pasteur and George Sternberg in the year 1881.1 The
lancet-shaped diplococcus was identified as a lethal organism
and causative agent in pneumonia, meningitis, and otitis me-
dia. However, the incidence of invasive pneumococcal infec-
tion has declined dramatically in the post-antibiotic, post-
vaccine era,2 and the suppurative and inflammatory compli-
cations of pneumococcal disease are infrequently encountered
in the current clinical care of immunocompetent adults.3While
streptococcal infection has been associated with
hemophagocytic lymphohistiocytosis (HLH) in patients with
hyposplenism or other immunocompromised states, no cases
have been described in healthy adults. We report a case of
streptococcal bacteremia from occult sinusitis, complicated by
HLH, DIC, and meningitis.

CASE DESCRIPTION

A 46-year-old Filipino man with a history of gout and hyper-
tension presented to the emergency department with 1 day of
left shoulder pain, subjective fevers, and mottled skin. He had
recently completed an empiric 6-day course of prednisone for
a gout flare in his left ankle. Chronic medications included
amlodipine, metoprolol, rosuvastatin, and methocarbamol. He
worked as a certified nurse anesthetist and denied needlestick
injuries or recreational drug use. Upon initial evaluation, his
vital signs were notable for a fever of 103.7 °F (39.8 °C), heart
rate of 107 beats perminute, blood pressure of 141/101mmHg,
respiratory rate of 31 breaths per minute, and oxygen satura-
tion of 99% on room air. Physical examination revealed a
well-appearing, alert gentleman with painful active range of
motion of his left shoulder, and blanching, net-like, violaceous
patches on the forearms, shins, and feet. The remainder of his
examination was unremarkable, with no auscultated heart
murmurs and no cutaneous stigmata of infectious endocarditis.
Bloodwork was notable for a white blood cell count of 12.7 ×
103/μL (normal 4.0–10.0 × 103/μL) with 17% band forms,
and platelets of 30 × 103/μL (normal 140–440 × 103/μL). Se-
rum lactate was initially 5.1 mmol/L (normal 0.5–
2.22 mmol/L) and increased to a peak of 8.7 mmol/L follow-
ing 3 L of normal saline administration, despite normotension.
Ferritin was greater than 100,000 ng/mL (normal 18–370 ng/
mL). Plain radiography of the shoulder and chest were unre-
markable, and a right upper quadrant ultrasound revealed
increased hepatic echogenicity without biliary dilation.
Attempted aspiration of the left shoulder was unsuccessful.
Blood cultures obtained upon initial presentation revealed

gram-positive cocci in pairs and chains, subsequently
speciating as pan-sensitive Streptococcus pneumoniae. Con-
current with the peak of his lactic acidosis, the patient began to
complain of bilateral leg pain which was accompanied by a
rise in creatine kinase from an admission value of 137 U/L to a
peak of 22,000 U/L (normal 24–195 U/L). CT of the bilateral
lower extremities was unremarkable, butMRI revealed diffuse
muscular edema throughout both calves, as well as a small
amount of fluid in the superficial and deep fascia bilaterally.
These findings collectively suggested myositis and fasciitis.
Both transthoracic and transesophageal echocardiography re-
vealed no evidence of cardiac valvular vegetation. However, a
CT of the patient’s sinuses revealed right maxillary sinus
disease with obstruction of the right infundibulum (Fig. 1).
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Given the absence of a competing source, this occult sinusitis
was presumed to be the cause of the patient’s bacteremia.
The markedly elevated ferritin, fevers, hepatitis, and coag-

ulopathy raised suspicion for HLH. He was started on high-
dose steroids (dexamethasone 20 mg daily) while awaiting
further testing. A triglyceride level was 1578 mg/dL (normal
< 199mg/dL), NK cell cytotoxicity was 0.0 lytic units (normal
≥ 2.6), and an interleukin-2 level was 1409 U/mL (normal
range 109–663 U/mL). Bone marrow biopsy revealed a
hypercellular marrow with increased megakaryopoiesis and
histologically confirmed hemophagocytosis, confirming the
diagnosis of HLH (Fig. 2). Additional infectious evaluation
included negative testing for respiratory viruses, HIV, HCV,
HBV, HSV 1/2, Lyme, Anaplasma, and Ehrlichia. EBV and
CMV serologies were consistent with prior exposure. Over
several days, his skin lesions darkened and were no longer
blanching, an appearance consistent with retiform purpura
(Fig. 3). Serologic investigation for vasculitis revealed normal
complement levels and negative ANA, ANCA, and dsDNA.
Skin biopsy revealed fibrin deposition within vessels (Fig. 4),
but no evidence of vasculitis. An extensive evaluation for
coagulopathies was unrevealing, including workup for throm-
botic thrombocytopenic purpura, antiphospholipid syndrome,
paroxysmal nocturnal hemoglobinuria, cryoglobulinemia,
inherited coagulopathies, and cryofibrinogenemia. Fibrinogen
levels downtrended over several days from an initial value of
453 mg/dL to a nadir of 112 mg/dL (normal 144–436 mg/dL),
and D-dimer was elevated to greater than 33.89 mg/L (normal
0.17–0.54 mg/L), leading to a presumptive diagnosis of dis-
seminated intravascular coagulation (DIC) secondary to inva-
sive pneumococcal disease.
The patient completed a 2-week course of ceftriaxone for

his bacteremia and a 5-week taper of dexamethasone for HLH.
Several months later, he again presented to the emergency
department and was admitted with fever, nausea, and head-
ache. MRI of the brain revealed resolution of his sinus

opacification, with only trace residual fluid in the bilateral
maxillary sinuses. His cerebrospinal fluid leukocyte count
was 2975 (normal <6 ); protein was 194 mg/dL (normal 15–
45 mg/dL). No organisms were seen on gram stain and the
culture was negative. Viral PCRs for HSV, VZV, EBV, CMV,
and respiratory pathogens were negative. He responded to
empiric antibiotics with resolution of CSF pleocytosis on
repeat lumbar puncture, leading to a presumptive diagnosis
of pneumococcal meningitis. With this concern for recurrent
pneumococcal disease, the patient underwent a comprehen-
sive evaluation for immunodeficiency, revealing normal im-
munoglobulin levels and negative HIV testing. Physiologic
uptake in the spleen was demonstrated on SPECT. Pre- and
post-vaccination pneumococcal antibody titers revealed an
adequate response to vaccination and provided no evidence
of a specific antibody deficiency. He also underwent genetic
testing as an outpatient revealing no duplication, deletion or
mutation on next-generation sequencing in common genes
associated with HLH.

DISCUSSION

This was a remarkable case of S. pneumoniae bacteremia in
the setting of occult sinus obstruction, complicated by DIC
and HLH. Since its isolation in 1881 by Louis Pasteur,
S. pneumoniae has been recognized as a virulent pathogen.4

Despite the success of pneumococcal vaccination, it remains a
morbid illness, with mortality rates for bacteremia without
pneumonia reaching 20%.4 Advanced age, immunosuppres-
sion, and underlying chronic disease are associated with a
more fulminant course.5 Immunosuppressed states portend a
particularly high risk for pneumococcal disease, with a 50-fold
increase in incidence in patients with HIV.6 Other risk factors
for streptococcal infection range from environmental expo-
sures such as cigarette smoking and nursing home residence to
medical comorbidities such as chronic cardiovascular, kidney,
liver, or pulmonary disease.7 Special note should be made of
hyposplenism and splenectomy, due to the unique role of the
spleen in clearance of encapsulated bacteria, and the remark-
able fatality rate of pneumococcal sepsis in asplenic patients.8

Our patient had a functional spleen and no evidence of defects
in humoral immunity. His extensive evaluation demonstrated
dramatic reductions in NK cell activity, which are classically
thought to combat viral infection9; however, emerging data in
mice with defective NK cell activity demonstrate increased
susceptibility to S. pneumoniae infection as well.10 These
associations require additional study, but provide one possible
explanation for our patient’s recurrent infection.
The diagnosis of bacteremia should always prompt an eval-

uation for a causative focus of infection. Immunodeficiency
does not obviate a thorough workup; in fact, a localized source
may be more readily identified in HIV infected patients with
pneumococcal bacteremia compared to the HIV uninfected.11

Pneumonia is the predominant cause of pneumococcal blood

Fig. 1 CT scan of the head (coronal image), demonstrating right
maxillary sinus opacification (asterisk) and infundibular obstruction

(arrowhead)
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stream infections; sinusitis and otitis media account for only
4% of cases.12 In nearly a fifth of cases of Streptococcal
bacteremia, no clear source is identified.2 Although not cul-
ture-proven, the sinusitis discovered in our patient is the
most likely source of his bacteremia. The absence of sinus
symptoms in this case was unusual, although occult sinus-
itis has previously been reported as the etiology of severe
sepsis and pneumococcal bacteremia in a healthy adult.13

More commonly, sinusitis presents without localizing
symptoms in the intensive care unit (ICU), due to difficulty
in communication with intubated patients, the placement of
nasogastric feeding tubes, and lack of normal sinus clear-
ance reflexes.14 Antimicrobial therapy is the cornerstone of
treatment for bacterial sinusitis, with surgical intervention
reserved for local extension of disease, refractory infection,
or recurrent episodes of sinusitis.15

Since Osler first described the triad of pneumonia, endocar-
ditis, and meningitis in 1882 (also termed BAustrian
Syndrome^), the pyogenic complications of S. pneumoniae
infection have been well-recognized.3 However, the illness
script for pneumococcal sepsis should also include inflamma-
tory sequelae such as DIC and HLH, as illustrated by our
patient’s case. Coagulopathies in the setting of streptococcal
infections range from DIC to purpura fulminans and

hemorrhagic adrenalitis (e.g., Waterhouse-Friderichsen syn-
drome), most frequently reported in asplenic or immunocom-
promised hosts.16 Severe lower extremity myalgia, as seen in
our patient, has been reported as a heralding sign of purpura
fulminans; myositis in this setting is likely secondary to mi-
crovascular ischemia.17, 18 DIC is partially attributed to circu-
lating tissue factor in overwhelming infections, but the inflam-
matory response that led to the development of HLH in our
patient may have also precipitated his coagulopathy. DIC has
been demonstrated in up to 50% of patients admitted to the
intensive care unit (ICU) with HLH.19 It is theorized that
activated macrophages in HLH secrete plasminogen activa-
tors, ultimately resulting in the accelerated degradation of
fibrinogen.20 In a review of recent case reports of severe
coagulopathy in pneumococcal disease, none document
markers of HLH such as ferritin or triglyceride levels.21–26

Nonetheless, secondary HLH has been previously document-
ed with invasive S. pneumoniae infection.27

Hemophagocytosis is an increasingly recognized endpoint
of immune dysregulation in sepsis and can be found in the

Fig. 2 Bone marrow aspirate, demonstrating hemophagocytosis of erythrocytes (arrow, left) and platelets (arrow, right)

Fig. 3 Clinical image of the distal left lower extremity, demonstrating
retiform purpura

Fig. 4 Skin biopsy, H&E stain, demonstrating fibrin deposition
within an arteriole (arrow)
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majority of septic patients with thrombocytopenia.28 The di-
agnosis of HLH, obscured by the absence of multi-lineage
cytopenias, was not considered in our patient until we discov-
ered a profoundly elevated ferritin. Ferritin can be a useful
diagnostic adjunct in such cases: HLH was diagnosed in 61%
of adults with a serum ferritin greater than 100,000 ng/mL in a
retrospective study of adult patients,29 and ferritin was associ-
ated with mortality in adult ICU patients with HLH.30 How-
ever, in our experience, evaluation for HLH in septic patients
with cytopenias is not routine.31 The diagnosis of HLH is
established based on the criteria used in the HLH-2004 trial,
though the delay associated with obtaining NK cell activity,
soluble IL-2 receptor levels, and bone marrow biopsy neces-
sitate concurrent diagnostic evaluation and empiric therapy.32

At our center, we most commonly treat HLH secondary to
infection with dexamethasone 10 mg/m2 as per the HLH-2004
study when the severity of disease warrants immunosuppres-
sive therapy. Dexamethasone is the preferred corticosteroid as
it has the highest CNS penetration. The benefits of HLH-
specific treatment must be carefully balanced against the risks
ofimmunosuppressive therapy, especially in the setting of an
active infection. Our patient’s steroid treatment may have
contributed to the development of recurrent invasive pneumo-
coccal disease, although he had completed his taper prior to his
second presentation. Further research is needed regarding the
routine evaluation for HLH in critically ill patients, and the
impact of immunosuppressive therapy in this population.33

In conclusion, pneumococcal bacteremia can be complicat-
ed by a variety of inflammatory sequelae, including HLH and
DIC. Evaluation of pneumococcal bacteremia should include
an investigation of potential predisposing factors and sources,
and sinus imaging should be considered in cases of pneumo-
coccal bacteremia with an occult source. The diagnosis of
HLH may be underrecognized in the setting of sepsis, and
the timeframe required to obtain complete diagnostic testing
can be prohibitive in critically ill patients. Treatment in pa-
tients with HLH secondary to sepsis must be weighed against
the risk of further immunosuppression.
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