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CASE REPORT

Hemophagocytic lymphohistiocytosis and pulmonary
alveolar proteinosis in a 13-month-old boy with
lysinuric protein intolerance
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ABSTRACT

Hemophagocytic lymphohistiocytosis (HLH) is a clinical syndrome that can be inherited or acquired. Herein, we report a case
of HLH and pulmonary alveolar proteinosis (PAP) in the setting of lysinuric protein intolerance (LPI) in a male toddler who
presented with prolonged fever, respiratory distress, and failure to thrive. On histologic examination, hemophagocytosis was
observed in lymph node, bone marrow sections and aspirates. Lung wedge resection was consistent with PAP. LPI was confirmed
with genetic sequencing which revealed compound heterozygous mutations in the SLC7A7 gene. LPI is a rare inborn error of
metabolism and is not widely known beyond the pediatric group. Though the association of LPI with HLH has been previously
described, we believe this is the first reported case of HLH and PAP associated LPI with histopathological correlation. Early
recognition of HLH is critical to successful treatment and LPI should be considered in any young infant who presents with HLH-
and PAP-related symptoms.
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1. INTRODUCTION

Hemophagocytic lymphohistiocytosis (HLH) is a rare life-
threatening clinical hyperinflammatory syndrome that leads
to excessive activation of immune cells resulting in hypercy-
tokinemia that can lead to multi-organ failure and death.[1]

HLH was first described by Farquhar and Claireaux in
1952[2] and is characterized by prolonged fever, cytopenias,
hepatosplenomegaly, abnormal lab values and the presence
of hemophagocytosis (for complete diagnostic criteria see[3]).
HLH can be dichotomized into primary (genetic) or sec-
ondary (acquired) causes and is associated with many under-
lying conditions affecting all age groups regardless of the

principal etiology.[1, 4] Primary HLH occurs due to genetic
aberrations that affect the perforin-mediated cytotoxic abili-
ties of T cells and natural killer cells, whereas, acquired HLH
typically occurs in adults secondary to infection, malignancy,
rheumatologic disease or immune suppression.[5] Several
hereditary immunodeficiency syndromes predispose patients
to HLH and HLH is frequently the first manifestation of such
diseases.[6]

Lysinuric protein intolerance (LPI) is a rare autosomal re-
cessive disease that is caused by mutations in the SLC7A7
gene leading to dysfunction of the cationic amino acid trans-
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porter (lysine, ornithine, arginine) subunit y+LAT1, which
mainly affects intestinal and renal cells.[7, 8] Patients with
LPI have a highly variable clinical presentation ranging from
mild protein intolerance, hepatosplenomegaly and hemato-
logic abnormalities to severe manifestations such as failure
to thrive, pulmonary alveolar proteinosis (PAP), kidney fail-
ure and immune deficiency.[9] Patients with LPI have an
increased susceptibility to HLH and HLH has previously
been described in patients with LPI.[10, 11]

In this article, we report the histopathological findings of
a case of HLH and PAP in a patient with LPI. The patient
presented with prolonged fever, failure to thrive and respira-
tory distress. Lymph node and bone marrow histopathology
showed hemophagocytosis and lung tissue resection revealed
accumulation of proteinaceous fluid. Genetic sequencing
identified mutations in the SLC7A7 gene confirming a diag-
nosis of LPI.

2. CASE PRESENTATION
A 13-month-old African American boy was admitted for
prolonged fever, respiratory distress, diarrhea and failure to
thrive. Childbirth was uncomplicated and the patient had
been achieving developmental milestones until 6 months
prior to presentation. The patient had 2 episodes of pneu-
monia within the past 6 months and 2 episodes of otitis
media within the past year. Physical examination was signif-
icant for hepatosplenomegaly and lymphadenopathy. Clin-
ically, this patient’s presentation was suspicious for a lym-
phoproliferative disorder. Bone marrow biopsy and aspirate
were performed, followed by an inguinal lymph node exci-
sional biopsy. Laboratory data subsequently revealed anemia
(Hb 10.6 g/dl), increased ferritin (> 2,000 ng/ml, max 8,500
ng/ml), increased LDH (3,995 U/L), hypertriglyceridemia
(323 mg/dl) and increased IgE (224 IU/ml) with decreased
fibrinogen.

2.1 Methods
Core bone marrow biopsy, bone marrow aspirate, lymph node
biopsy and lung wedge resection were performed. Slides
were stained with either hematoxylin and eosin (H&E) or
Wright-Giemsa stain and histological examination was per-
formed. Next Generation Sequencing of a panel of HLH
genes was performed by Cincinnati Children’s HLH center
of Excellence.

2.2 Results
Histological examination of an inguinal lymph node biopsy
showed normal lymph node architecture with necrotic germi-
nal centers (see Figure 1A, B). Tingible-body macrophages
were present and histiocytes were filled with nucleated cells

in the cytoplasm in the absence of neutrophils, eosinophils,
and plasma cells, consistent with necrotizing lymphadenitis
with hemophagocytosis (see Figure 1C).

Bone marrow core biopsy showed small clusters of
macrophages digesting blood cells, similar to the findings
within the lymph node (see Figure 1D). Bone marrow aspi-
rate specimen confirmed these findings showing extensive
hemophagocytosis in which macrophages or monocytes are
digesting both red and white blood cells (see Figure 1E,
F). The patient’s clinical symptoms and histopathological
findings were consistent with a diagnosis of HLH.

Despite treatment for HLH-related symptoms the patient’s
respiratory distress persisted and a lung wedge resection
was performed. Pulmonary histopathology showed alveolar
spaces filled with thick pink fluid and rod-like empty spaces
(see Figure 2A-C). At higher magnification accumulation of
proteinaceous fluid with surfactant lipids and proteins can be
appreciated. These findings were consistent with a diagno-
sis of PAP, which is a syndrome characterized by defective
macrophages and the accumulation of surfactant leading to
impaired oxygenation, and respiratory distress.[12]

The patient’s clinical presentation, in addition to the
histopathological findings, were consistent with a primary
cause of HLH and genetic testing was ordered. Next Gen-
eration Sequencing of an HLH panel of genes identified
compound heterozygote frameshift and splice site mutations
in the SLC7A7 gene, which occur in patients with LPI. Treat-
ment was unsuccessful and the patient passed away sec-
ondary to respiratory failure.

3. DISCUSSION
Herein, we report a case of a toddler presenting with HLH
and PAP secondary to LPI. While HLH has been shown to be
associated with LPI, few cases describe the histopathological
findings in multiple tissues.[10, 11] Furthermore, while PAP
is quite common in LPI, a recent retrospective cohort anal-
ysis found only 3 out of 16 cases of LPI had a diagnosis of
HLH and PAP, illustrating how rare it is to have both disease
entities present in the same patient.[13–15]

Differential considerations in young patients presenting with
HLH-related symptoms include infection, immunodeficiency
syndrome, lysosomal storage diseases and malignancy. Pri-
mary versus secondary etiologies of HLH can be difficult to
distinguish in patients. Physicians should have high clinical
suspicion for genetic causes of HLH in young patients pre-
senting with HLH symptoms, however, it is not unreasonable
to acquire genetic testing in any patient presenting with HLH
symptoms as reports have shown that up to 14% of adults
with HLH are suspected to have a genetic etiology.[4] Clini-
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cal presentation, laboratory tests and histologic evaluation of
bone marrow specimens and infiltrated organs should be per-

formed to diagnose HLH. This patient exhibited 5/8 clinical
diagnostic criteria for a diagnosis of HLH.

Figure 1. Histologic sections of
inguinal lymph node, bone marrow core
biopsy and bone marrow aspirate
showing hemophagocytosis
(A) Inguinal lymph node specimen showing
intact lymph node architecture without
extracapsular extension or hematoxylin
bodies (H&E, ×20). (B) Inguinal lymph
node specimen at higher magnification
showing a necrotic germinal center. (H&E,
×200). (C) Tingible-body macrophages and
histiocytes filled with nucleated cells are
present within the inguinal lymph node
specimen. (black arrow, H&E, ×400).
(D) Bone marrow core biopsy specimen
showing clusters of cells with nucleated
forms within cells (black arrows, H&E,
×100). (E,F) Bone marrow aspirate
highlighting the presence of
hemophagocytosis (black arrows,
Wright-Giemsa, ×1000).

Figure 2. Lung wedge resection specimen demonstrating pulmonary alveolar proteinosis
(A) Alveolar airspaces filled with thick, pink fluid and dense bodies (H&E, ×20). (B,C) Higher magnification images showing
accumulation of surfactant lipids and proteins within the pulmonary alveoli space and rod like spaces (black arrows, H&E, ×100, ×400).
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The differential based on histopathological findings present
on lymph node biopsy includes systemic lupus erythemato-
sus (SLE) lymphadenitis, Kikuchi lymphadenitis, cat scratch
lymphadenitis and HLH. SLE and Kikuchi can present with
necrotizing lymphadenopathy and fibrinoid necrosis with
nuclear debris.[16] The distinguishing features of SLE lym-
phadenitis include hematoxylin bodies (most specific finding)
and vascular fibrinoid necrosis as well as the presence of neu-
trophils and plasma cells.[17, 18] On the other hand Kikuchi
typically presents with patchy necrosis and lacks neutrophils,
eosinophils and plasma cells in affected foci.[19] Cat scratch
lymphadenitis presents with central necrosis with areas of
apoptosis in the presence of neutrophils, lymphocytes and
histiocytes. Tingible-body macrophages can be appreciated
and there is characteristic deposition of pink amorphous in-
tercellular proteinaceous materials.[20] Importantly bacilli
stain positive with Warthin-Starry stain in cat scratch dis-
ease whereas patients with Kikuchi have a negative Warthin-
Starrry stain.[20] While hemophagocytosis can be present

in all of these diseases, the presence of hemophagocytosis
in the bone marrow is most consistent with HLH. Further-
more, SLE serologic testing and clinical history can help in
narrowing the diagnosis.

The average survival for patients with familial HLH without
treatment is approximately 1-2 months.[21] Hematopoietic
stem cell transplantation (HSCT) results in a 3-year overall
survival of 50% or higher with the potential to cure disease,
however HSCT has its own treatment related morbidity and
mortality.[22–24] Early recognition of HLH is critical to suc-
cessful treatment. In conclusion, this case report highlights
the histopathological findings of HLH and PAP, strengthens
the association between HLH and LPI, and emphasizes the
importance of a differential that includes LPI in any young
patient who presents with HLH-related symptoms.
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