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Introduction: Hemophagocytic lymphohistiocytosis (HLH) is a potentially fatal hyperinflammatory cytokine storm. It can be
secondary to infections, malignancies, autoimmune diseases, or the manifestation of genetic disorders, including primary immune
deficiency. HLH requires a high index of suspicion and is challenging for community hospitals.

Methods: Medical records of children with HLH admitted to the Meir Medical Center in Israel between 2014 and 2017 were
reviewed.

Results: Nine children met >5/8 HLH-2004 criteria. The median age was 1.1 year, and 78% of the patients were aged <2 years. All
patients had prolonged fever, cytopenia, and elevated soluble interleukin-2 receptor, and 89% had elevated ferritin levels. Of three
children who underwent gene panel evaluation, one had heterozygote genetic variants of UNCI/3D and STXBP2 of unclear
significance, whereas the other two had no variants. Infection was identified in 8 of 9 patients: adenovirus, HHV6, EBV, and
Streptococcus Group A. Only 2 patients received HLH-2004 therapy (dexamethasone, etoposide, cyclosporin-A) and the others
received dexamethasone and/or intravenous gamma globulins (IVIG), with rapid resolution of fever (median 2 days). One patient
(11%) died of Pseudomonas septicemia and multiorgan failure. At a median follow-up of 7 years (range 2.6-8.1 years), all others (8/9)
are long-term survivors with no recurrent HLH, but 2 patients developed adenovirus-related bronchiolitis obliterans.

Conclusion: Children presenting with prolonged fever and abnormal blood counts should be evaluated with ferritin, triglycerides, and
fibrinogen levels which indicate possible HLH. Early intervention with corticosteroids and/or IVIG may prevent deterioration, spare
them from chemotherapy and provide time for more elaborate testing to identify true HLH. Unfortunately, mortality remains
a significant risk for these children.

Plain Language Summary: In the emergency department, children with common infections may have a severe complication called
Hemophagocytic Lymphohistiocytosis or HLH. HLH can be life threatening if not rapidly recognized. HLH is rare and challenging for doctors
in community hospitals. We describe nine patients who presented to a community hospital who were later diagnosed with HLH, posing
a dilemma for physicians. Most (78%) were less than 2 years, all had prolonged fever, abnormal blood counts, elevated marker of HLH called
soluble interleukin-2 receptor and 8 of 9 had elevated ferritin, which can be a marker of HLH. HLH could be genetic therefore three children
had genetic studies, with one having minor abnormalities, but the contribution to HLH is unclear. Infection as cause for HLH was identified in 8
of 9 patients. Chemotherapy that is used for severe HLH was required for 2 patients and the others received steroids and/or intravenous gamma
globulin with rapid improvement. One patient who received chemotherapy and had suppressed immunity died of a severe bacterial infection.
Others (8 of 9) are long-term survivors with no evidence of recurrent HLH. Two patients developed a pulmonary complication from adenovirus
known as bronchiolitis obliterans. We conclude that children presenting with prolonged fever and abnormal blood counts should be evaluated
with ferritin and other markers of possible HLH. Early intervention may prevent deterioration, may spare them from chemotherapy, and allow
further assessment of true HLH. However, the death of one (11%), demonstrates the significant risks to these children.
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Introduction

Hemophagocytic lymphohistiocytosis (HLH) is an aggressive and potentially fatal syndrome that is characterized by
dysregulation and excessive activation of the immune system. It is characterized by cytotoxic T cell (CTL) dysfunction,
coupled with uninhibited macrophage activity.' Malfunction of cytotoxic T cells result in the overproduction of cytokines
and, eventually, tissue damage. Familial or genetic HLH is caused by an underlying genetic defect or a complication of
other genetic syndromes.'? Secondary HLH or syndromic HLH in children is caused by infections (most common),
malignancies, and autoimmune or autoinflammatory conditions in the absence of a known genetic predisposition to
HLH.' Recently, a case of HLH resulting from gene therapy was reported, possibly secondary to the Adeno-associated
virus (AAV) vector used in this case, adding another potential risk to gene therapy.> HLH has an estimated prevalence of
1 in 100,000 children* and familial HLH has a reported incidence of 1.2 in 1,000,000 children.’ Symptoms and
laboratory signs of this syndrome include fever, rash, cytopenia, hepatosplenomegaly, coagulopathy, elevation in ferritin
and soluble interleukin-2 receptor (sIL-2R) levels, liver dysfunction, and central nervous system (CNS) involvement. The
disease can rapidly progress to acute liver failure, multiorgan failure, and death.”

For clinical studies, the Histiocyte Society developed criteria, the latest of which are those used in the HLH-2004
study; these criteria remain widely used in clinical practice.” It is notable that HLH clinical diagnosis is complicated due
to an overlap with other clinical syndromes, such as COVID-19 infection and sepsis, and can lead to overdiagnosis or
severe delay in diagnosis, resulting in mortality and morbidity while waiting for the criteria. Several modifications and
updates have been suggested, including those from the North American Consortium for Histiocytosis (NACHO).®
Various scores have been developed to help the diagnosis, including the MS score, which was designed to identify
macrophage activation syndrome (MAS) in systemic juvenile idiopathic arthritis (sJIA)”* and the HScore, which was
created and validated to diagnose reactive HLH in adults.’

Considering the difficulty in early recognition of HLH in children, we describe a series of patients presenting to
a community hospital in Israel. In this group of children who fulfilled the 5/8 HLH criteria, only 2/9 required full HLH
chemotherapy protocol.

Methods

Children presenting with clinical picture of HLH were identified from all admission to the community hospital. The study
was approved by the Helsinki Committee at the Meir Medical Center, Kfar Saba, Israel; therefore, it complies with the
Declaration of Helsinki. This study was conducted as a partial fulfilment of the pediatric residency requirements in
Israel (YW).

Data were extracted from the medical records of the hospital, outpatient clinics, and primary community clinics.
Clinical data included presenting symptoms, laboratory data, length of hospital stay, resolution of fever after treatment
onset, HLH treatment, and follow-up. For this analysis, HLH diagnosis was defined according to the Histiocytic Society
criteria.'® Patients who fulfilled >5/8 of the diagnostic criteria are considered possibly positive for HLH. The criteria
were as follows: 1. fever; 2. splenomegaly; 3. cytopenia of at least two cell lines: hemoglobin < 10 g/dL, platelets <
100,000/uL, or absolute neutrophil count <1000/uL; 4. elevated triglycerides level (>265 mg/dL) and/or low fibrinogen
level (<150 mg/dL); 5. elevated ferritin levels >500 ng/mL; 6. elevated sIL-2R levels (>2400 U/mL or > 2 standard
deviations from the mean value); 7. hemophagocytosis in the bone marrow, spleen, lymph nodes, or liver; 8. low/absent
NK function. Notably, CD107a was not performed,'" and perforin expression was available only in a minority of patients.
Cytokine levels and T cell analyses, including activated T cells, were not performed.

Genetic workup was performed using sequencing specific for HLH-associated genes: PRFI, UNC13D (Munc13-4),
STXBP2 (Muncl8-2), STX11, RAB27A4 and ITK. The outcomes included subsequent hospital admissions and follow-up at

the last visit to the community clinic. Viral infection data were reported qualitatively, and no viral load was available.
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Statistical methods: Simple descriptive statistics are provided since the group was too small for statistical significance
analysis.

Results

Nine children admitted during the years 2014-2017 at Meir Medical Center were included; their specifics are listed in
Table 1 and summarized in Table 2. During this period, 103,908 children aged 0—18 years were evaluated at the pediatric
emergency department, noting the rarity of this phenomenon. All patients met at least 5/8 of the HLH-2004 criteria. Most
were female, all were Caucasian Jewish, median age of 1.1 year and 78% were younger than 2 years, and 3 (33%) were
younger than 1 year. The HLH-2004 criteria included fever (100%), bicytopenia (100%), elevated sIL-2R (100%),
ferritin > 500 ng/mL (89%), elevated triglycerides or low fibrinogen levels (66%), very low or absent NK function
(33%), and splenomegaly (33%). Bone marrow evaluation of 6 children showed hemophagocytosis in 5 (83% of
evaluated cases). Perforin expression evaluated in three patients was normal.

Mild liver dysfunction was noted in 100% of the patients. One patient developed multiorgan failure (MOF) and
subsequent liver failure with bilirubin of 18.9 before death (Table 1). Most patients had minimal CNS involvement, none
had seizures, cerebrospinal fluid (CSF) evaluation was performed in only one patient showing pleocytosis and elevated
protein, and imaging (two CT scans and two MRI) were normal.

Infections were noted in 8 patients: adenovirus in 4 children, HHV6 in 2 (one patient had both adenovirus and
HHV6), EBV in 1, and Streptococcus Group A in 2 patients.

Specific HLH-related genetic panel evaluations were performed in 3 patients for variants of PRFI, UNCI3D,
STXBP2, STX11, RAB274 or ITK. The decision who to test was made by the team, noting at the time that access to
such testing was limited. Patient 1 died before testing was done. Patient 2 had severe HLH and was considered for HSCT
thus genetic testing done and was negative. Patient 6 had genetic testing that was negative. In patient 4 gene UNC13D
(which encodes Munc13-4) had heterozygote loss of exon 31 only at the RNA level but not at the DNA level, which is of
unclear significance (not reported in ClinVar). The patient also had two additional heterozygous variants in UNC13D:
V779M (ClinVar benign/likely benign) and K867E (ClinVar conflicting interpretations of pathogenicity). In STXBP2
(which encodes Munc18-2), the patient had the heterozygous variant 1526V (ClinVar interpretation benign). No genetic
testing was done in for the other 5 patients.

Treatment and Outcome
HLH-2004 therapy (dexamethasone, etoposide, and cyclosporine A [CSA]) was administered to 2 children, one of whom
developed multiorgan failure due to a secondary bacterial infection (Pseudomonas) and died 9 days after admission
(Table 1). The patient was 17 years old (the oldest in this group), had 6/8 HLH criteria before death, and may have
deteriorated possibly due to a delay in diagnosis. The other patient responded rapidly to HLH-2004 therapy and is a long-
term survivor without sequelae. Intravenous gamma globulin (IVIG) single agent was administered to three children with
infections. Dexamethasone with IVIG was given to 3 resulting in a complete response and long-term survival. The child
with variants of UNCI3D and STXBP2 (patient 4) received a single agent, dexamethasone, which resulted in complete
recovery. He did not need hematopoietic stem cell transplantation (HSCT) and had no further flares of HLH during more
than seven years of follow-up. None of the patients had received intrathecal chemotherapy.

Time analysis (Table 2, Supplemental Table 1) revealed a median time from fever onset to admission of 4 days,

a median time from fever onset to treatment of 7 days (89% > 5 days), and a median time for resolution of fever of 2 days
(range 1-9).

Access to the medical records of community clinics allowed for long-term follow-up. HSCT was not performed in
any patient. Ultimately, 8/9 (89%) patients are long-term survivors at a median follow-up of seven years (range 2.6-8.2
years). Two patients had one subsequent admission each: one patient was admitted due to adenovirus-induced bronch-
iolitis obliterans and another for an episode of urinary tract infection. None of the patients had HLH exacerbations. To the
best of our knowledge, no clinical evidence of immune deficiency is noted with long-term follow-up data. However, none
had a formal immune deficiency evaluation. Two patients have ongoing bronchiolitis obliterans, which was presumed to
be related to the adenovirus infection.
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Table | Patient Data

Patient Number 1 2 3 4 9 10 5 6 7
Sex F F F M M F F F F
Age(Y) 17.25 1.75 1.08 1.75 1.08 091 0.83 9.91 091
Race Caucasian Caucasian Caucasian Caucasian Caucasian Caucasian Caucasian Caucasian Caucasian
Fever Yes Yes Yes Yes Yes Yes Yes Yes Yes
Splenomegaly Yes No No No Yes No No Yes No
At least bicytopenia Yes Yes Yes Yes Yes Yes Yes Yes Yes
ANC<1000/uL 20 600 700 800 370 200 780 400 5000
Hgb<10/uL 838 7 7.5 9.5 73 7.6 7.5 9.5 7.8
PLT<100 x 10%/uL 257 40 200 200 84 56 90 50 52
Triglycerides/fibrinogen No Yes No Yes No Yes Yes Yes Yes
Triglycerides>265mg/dL 100 600 200 115 133 328 480 300 1000
Fibrinogen<150 mg/dL 220 130 150 130 207 135 484 150 145
Ferritin (max)>500 ng/mL Yes 1000 Yes 8600 Yes 6500 Yes 900 Yes 700 Yes 520 No 480 Yes 7450 Yes 6058
NK Function - Absent or very low No 16% Yes 0% No 18% No 20% No 20% No 20% Yes 3.6% No 20% Yes 1%
Soluble IL2 Receptor (> 2000) Yes 6000 Yes 5300 Yes 9200 Yes 3700 Yes 11,000 Yes 3000 Yes 4000 Yes 5000 Yes 13,000
Hemophagocytosis Yes Yes Yes NA NA NA Yes Yes No
Total HLH-2004 Criteria 6/8 7/8 5/8 5/8 5/8 5/8 6/8 7/8 6/8
Perforin expression Normal Normal Normal
Liver functions abnormalities Yes Yes Yes Yes Yes Yes No Yes Yes
ALT (13-45 U/L) 19 105 167 47 73 90 30 155 31
AST (7-46 UIL) 145 135 484 106 44 146 48 159 86
Bilirubin (0.3—1.2 mg/dL) 18.9% 0.7 1.9 0.2 0.5 0.2 0.4 3.6 0.7
INR (0.8-1.2) 1.65 1.25 1.25 1.04 1.19 1.18 1.27 1.3 1.01
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Patient Number

1 2 3 4 9 10 5 6 7
CNS Normal CT Normal MRI Normal CT Normal MRI CSF WBC 76
(H) Protein 85
(H)
Markers of inflammation
ESR < 20 mm/hr NA 8 65 27 NA NA 47 16 NA
CRP = 0.5 mg/dL 26.5 0.98 2.38 1.2 24.83 2.45 30.7 4.7 36.19
Other organ involvement MOF* SVT
Infection NA* Adenovirus Type Adenovirus Adenovirus Streptococcus HHVé Adenovirus EBV Streptococcus
4 and 7, HHV6 Type 7 Type not known A Type not group A
known
Genetic workup** Normal Abnormal Normal
Treatment HLH-2004 Therapy Dexamethasone with or without IVIG IVIG single agent
Dexamethasone, Dexamethasone, IVIG, Dexamethasone IVIG, IVIG, IVIG IVIG IVIG
Etoposide, CSA Etoposide, CSA Dexamethasone Dexamethasone | Dexamethasone
Length of stay (LOS) days 9 19 22 8 15 8 9 10 16
Alive/Dead Dead* Alive Alive Alive Alive Alive Alive Alive Alive
Follow-up (years) NA 8.2 8.1 73 53 5.9 7.1 2.6 6.9
Subsequent admissions NA Bronchiolitis E.coli UTI
obliterans
Exacerbation
Subsequent major complications NA Severe Mild
Bronchiolitis Bronchiolitis
obliterans obliterans

Notes: Yellow shades note positive HLH-2004 criteria. *Patient developed pseudomonas sepsis induced multiorgan failure complicating HLH-2004 therapy, with liver failure (bilirubin 18.9), and died day 9. . **Genetic workup included
PRFI, UNCI3D (Muncl3-4), STXBP2 (Munc|8-2), STXII, RAB27A and ITK.

Abbreviations: CNS, central nervous system; CSA, cyclosporin A; CT, computerized tomography; HLH, Hemophagocytic Lymphohistiocytosis; MOF, multiorgan failure; IVIG, intravenous gamma globulins; MRI, magnetic resonance

imaging; WBC, white blood cell count.
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Table 2 Summary Data

n 9
Gender Male 3 (33%)
Female 7 (78%)
Race White - Caucasian 9 (100%)
Age (years) Median (range) 1.1 (0.8-
17.25)
Average 39
HLH 2004 Criteria 250f8 9 (100%)
Fever 9 (100%)
Splenomegaly 3 (33%)
Cytopenia 9 (100%)
Elevated triglycerides and/or low fibrinogen 6 (66%)
Elevated ferritin 8 (89%)
Low/absent NK function 3 (33%)
Elevated Soluble sIL-2R (CD25) 9 (100%)
Hemophagocytosis™* 5/6 (83.3%)
Other signs Low Perforin expression 0/3
Abnormal Genetic evaluation®* 1/3
Liver functions abnormalities 9 (100%)
CNS Involvement 1 (11%)
Infection Adenovirus*** 4 (44%)
HHVé*** 2 (22%)
Group A Streptococcus 2 (22%)
EBV 1 (11%)
Treatment Dexamethasone, Etoposide, CSA 2 (22%)
Dexamethasone, IVIG 3 (33%)
IVIG 3 (33%)
Dexamethasone 1 (11%)
HSCT 0 (0%)
Complications Organ failure 2nd pseudomonas sepsis 1 (11%)
Adenovirus-related Bronchiolitis Obliterans 2 (22%)
Outcome Alive 8 (89%)
Death 1 (11%)
Follow-up Years, median (range) 7 (2.6-8.2)
(Continued)
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Table 2 (Continued).

n 9

Subsequent admissions Bronchiolitis Obliterans, UTI 2 (22%)

Time Analysis Length of stay, days, median (range) 10 (8-22)
Fever Onset to admission, days, median (range) 4 (2-8)
Fever onset to treatment, days, median (range) 7 3—-10)
Time to resolution of fever, days median (range) 2 (1-9)

Notes: *Only total 6 bone marrows done, no lymph-node or liver biopsies done. **UNCI3D (Munc|3-4) with
heterozygote loss of exon 31 only in the RNA but not in the DNA, which has unclear significance, and 2
additional heterozygote variants V779M and K867E, predicted to neutral and STXBP2 (Munc|8-2) heterozygote
variants 1526V. **One patient had both Adenovirus and HHVé. Adenovirus type known for 2 of 4 patients: one
patient had type 4 (from throat) and type 7 (from blood); one patient had type 7.

An additional patient (Supplemental Table 2) had Kawasaki disease, and his sIL-2R was 1990, borderline for our lab
(<2000), obtained after IVIG, and thus had 3/8 HLH-2004 criteria and received only IVIG, resulting in rapid response
and long-term survival. Whether this patient had MAS or HLH related to Kawasaki is not clear at this time; therefore,

this patient was not included in the analysis.

Discussion

This group of patients with a clinical constellation of HLH symptoms and signs presented to a community hospital after
a median of four days of fever and started treatment at a median of seven days after fever onset (89% > five days). We
suggest that in pediatric emergency department patients with prolonged fever, who are usually evaluated using blood
counts and erythrocyte sedimentation rate (ESR), addition of ferritin, fibrinogen, and triglycerides to the evaluation can
be performed in most community hospitals. This may lead to the early diagnosis of HLH, leading to further workup that
can be performed at a tertiary hospital. Evaluation of the bone marrow, cytokine analysis including CXCL9, T-cell
activation, CD107a degranulation study, and rapid genetic panel analysis can then be completed.> This may allow for
expedited diagnosis and early intervention, which may result in improved outcomes.

These patients demonstrate the difficulty in diagnosing and managing this disorder in a community hospital setting.
Most of these patients had an infection as the most likely trigger of immune hyperactivation and an HLH picture.
Infections, such as adenovirus, HHV6, EBV and Streptococcus Group A are very common in the pediatric setting.
However, most patients do not require chemotherapy, corticosteroids, or IVIG and that were ultimately used here.
Recognizing the deterioration from HLH remains extremely challenging for pediatricians and community hospitals.

The abundant use of the HLH-2004 criteria is problematic and may delay simple interventions such as dexamethasone
or IVIG. Canna and Marsh noted the difficulty of waiting for the full HLH-2004 criteria to develop, as some patients may
never develop the full five of eight criteria, especially patients with unusual presentations, such as CNS HLH or liver
failure.” On the other hand, over diagnosis of HLH using HLH-2004 criteria may also be a vexing problem especially in
a community hospital with limited access to CD107a degranulation test, cytokine analysis including CXCL9 levels and
rapid T-cell flow cytometry.> One can suggest that patients 5, 6, and 7 who required only IVIG to reverse this process
may not have bona fide HLH but did have full 5/8 criteria, demonstrating the limitation of the use of the HLH-2004
criteria. In this regard, the distinction between HLH and sepsis is especially problematic because they overlap clinically.
Recently, a group from Cincinnati Children’s Hospital reported that activated T-cells, CD38"€"/HLA-DR" (especially
CDS + cells), distinguished HLH from early sepsis.'* Unfortunately, in our community hospital (and many others) cell
marker assays of this complexity are not available.

In our group of nine children, one patient died of multiorgan failure after starting HLH therapy, presumably secondary
to Pseudomonas sepsis. To the best of our knowledge, death due to HLH remains an issue.
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Of the three patients whose genetic evaluation was available to us, only one patient had heterozygous genetic variants
of unclear significance for UNC13D which encodes Munc13-4. Heterozygote variants of UNCI3D have been reported in
50/322 (15.7%) cases of familial hemophagocytic lymphohistiocytosis type 3 (FHL3)."> This patient also had
a concomitant STXBP2 heterozygote variant. ClinVar citations of variants of both genes indicate that they are benign
or have conflicting interpretations. Additionally, the patient had UNC/3D deletion in exon 31 at the RNA level, but we
could not find reports of this deletion in the literature. Whether these variants or their combinations contributed to the
clinical course of the patient remains unclear. The patient had no reactivation of HLH and was not transplanted during
more than seven years of follow-up.

Young patients presenting with HLH tend to have a greater genetic predisposition to HLH than older patients, require
chemotherapy, and at times undergo HSCT. In contrast, most of our patients were younger than 2 years of age, required
minimal therapy to recover, and are long-term survivors with no HLH recurrence. We speculate that the rapid response to
minimal therapy and good outcome were most likely due to the infectious-induced HLH picture and no genetic HLH
predisposition.

Adenovirus was diagnosed in four young patients (10-21 months). HLH is a rare complication of adenovirus
infection, particularly adenovirus type 7 infection."* Two of the patients (one with adenovirus type 7 and the other
with an unknown type) developed subsequent bronchiolitis obliterans, which had been described after HLH and
adenovirus pneumonia.’® A recent Chinese publication notes that of 15/27 children who survived HLH and adenovirus
pneumonia developed bronchiolitis obliterans, suggesting that these patients should be closely monitored for this
complication.'® HHV-6-induced HLH (one with co-infection with adenoviruses) were noted in two patients aged 11
and 21 months. HLH and HHV6 have been described in the context of primary immune deficiency, with pathogenic
variants in IL-2R,'” XIAP deficiency'® and isolated CNS HLH.'® Both our HHV6 patients are long-term survivors with
no suggested immune deficiency or CNS involvement. Two patients had Streptococcus group-A-induced HLH picture
that resolved completely. We could only find a case report of fulminant Streptococcus Group B infection leading to HLH
(who died within 10 hours).?’ Remarkably in our group only one patient had EBV induced HLH. EBV is the most
common infection associated with HLH, developing in one-third of infectious HLH cases in North America and up to
three-quarters of patients in Asia, and can have poor outcomes.?' Our EBV patient recovered completely with only IVIG;
thus, may not have developed the full spectrum of EBV-HLH or the deterioration was abbreviated early with IVIG.

Patients with virus-induced HLH may have abnormalities in the genes associated with the innate immune response to
viral infections, especially in the IFN-1 pathway, such as STAT2, STAT1, IFNARI, and IFNAR1.>> STAT2 deficiency
was elegantly reported by Lopez-Nevado et al,”> who suggested that these genes should be evaluated in patients with
virus-induced HLH. Unfortunately, these abnormalities were not evaluated in the present study.

One additional patient with Kawasaki disease (KD) met 3/5 HLH-2004 criteria; therefore, he was not included in this
series, and the patient responded to single-agent IVIG (Supplemental Table 2). Mast cell activation syndrome (MAS)

clinically identical to HLH, was reported in up to 1% of KD cases, although many do not meet 5/8 criteria, and one of
them died.”® Notably, our patient had cytopenia with hepatomegaly, that is uncommon in KD, and is mentioned here to
increase awareness of the possible unusual course of KD.

We acknowledge the limitations of this report, especially the fact that we had no access to activated T cell
numbers, CD107a degranulation tests, and cytokine data. Critically, perforin expression and CD107a degranulation
tests were superior to NK cell function in screening for genetic HLH.!' Additionally, the use of NK cell function to
identify HLH in this group of patients has been fraught with poor reproducibility; thus, it should not be used to screen
for HLH. Additionally, three of our patients did not undergo bone marrow aspiration, which was required to rule out
malignancy,” although they are long-term survivors, suggesting that in retrospect, this test was not necessary. Genetic
evaluation performed in a minority of these patients is also a notable limitation. As noted above, this report cannot
exclude overdiagnosis of HLH in these patients, a problem that has been extensively discussed by the NACHO
group.® Such patients who met HLH-2004 may have been overtreated by us, like many other patients at other

institutions.
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Conclusions

We describe a group of patients presenting to a community hospital with infection induced HLH, most of whom required
minimal therapy and are long-term survivors with no recurrence, but with 11% (1 of 9) deaths from sepsis. Considering
that this is a rare phenomenon, we suggest that in children presenting to the emergency department of a community
hospital with prolonged fever and abnormal blood counts, the addition of ferritin, triglycerides, and fibrinogen could
expedite further workup in a tertiary center. Critically, extremely ill patients should receive dexamethasone with or
without IVIG, which can provide a window of opportunity to allow rapid evaluation of sIL-2R, perforin expression,
CD107a degranulation, and activated T cells, which can further support the diagnosis of HLH. Similarly, dexamethasone
and/or IVIG may prevent the deterioration of HLH in some patients, sparing them from the use of chemotherapy or other
treatment modalities.

Abbreviations

CNS, Central nervous system; CSF, Cerebrospinal fluid; CT, Computerized Tomography; CSA; Cyclosporine A; CTL,
Cytotoxic T-cell; ESR, Erythrocyte sedimentation rate; FHL3, Familial hemophagocytic lymphohistiocytosis type 3;
HLH, Hemophagocytic lymphohistiocytosis; HSCT, Hematopoietic stem-cell transplantation; IVIG, Intravenous gamma
globulins; KD, Kawasaki disease; MAS, Macrophage activation syndrome; MRI, Magnetic Resonance Imaging;
NACHO, North American Consortium for Histiocytosis; sIL-2R, Soluble interleukin-2 receptor; SJIA, Systemic
Juvenile Idiopathic Arthritis.
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