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Abstract

Hemophagocytic lymphohistiocytosis (HLH) is a life-threatening
hyperinflammatory syndrome caused by uncontrolled activation of
cytotoxic T cells and macrophages, leading to cytokine storm and or-
gan failure. Secondary HLH is the acquired form that is commonly
triggered by underlying malignancies, autoimmune diseases, or infec-
tions. While Epstein-Barr virus (EBV) is a common infectious trig-
ger for HLH, hepatitis C virus (HCV) is rarely reported in the litera-
ture. Herein, we present the case of a patient with HLH with multiple
possible infectious triggers that was ultimately attributed to HCV. A
61-year-old male with a history of untreated HCV was admitted with
concerns for septic shock. Infectious workup was largely negative
throughout his hospitalization. Lumbar puncture was concerning for a
fungal meningitis, but fungal workup was negative except for a posi-
tive Blastomyces dermatitidis antibody. In addition, acid-fast bacilli
culture eventually grew Mycobacterium porcinum (M. porcinum). He
was treated with broad-spectrum antibiotics and anti-fungals but con-
tinued to fever. He met five of eight criteria per HLH-2004 protocol
and was initiated on HLH-directed therapy with immediate resolution
of his fevers. A Karius test did not identify pathogenic levels of Blas-
tomyces dermatitidis or M. porcinum in the serum, and the causative
trigger was determined to be his untreated HCV. This case highlights
the importance of early recognition and treatment of HLH in a patient
with fever of unknown origin. It brings attention to HCV as a highly
unusual trigger of HLH. It also illustrates the difficulty in address-
ing the underlying source of secondary HLH when a broad infectious
workup yields several rare but possible pathogens.
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Introduction

Hemophagocytic lymphohistiocytosis (HLH) is a rare, poten-
tially life-threatening hyperinflammatory condition caused by
the overactivation of cytotoxic T cells, macrophages, and natu-
ral killer (NK) cells, which can lead to a cytokine storm and
ultimately organ damage [1].

HLH can be classified into primary or secondary HLH.
Primary, or familial, HLH involves genetic mutations such as
PRF1, UNCI13D, STXBP2, which affect the cytotoxic activa-
tion of T lymphocytes, leading to unregulated activation. Sec-
ondary, or acquired, HLH occurs with an underlying trigger
such as infection, autoimmune diseases, and malignancies [2,
3]. Among secondary causes, the most common are due to ma-
lignancies, accounting for 42% of secondary HLH cases [4,
5]. The next most common cause is autoimmune conditions,
which account for 40.9% of cases according to a Chinese co-
hort, and is often associated with systemic juvenile idiopathic
arthritis and adult-onset Still’s disease [6]. Infections can also
be a common trigger, with Epstein-Barr virus (EBV) seen in
69% of secondary HLH due to infections, and less commonly
cytomegalovirus (CMV) [5].

HLH clinically presents as persistently high fevers, cyto-
penias, hepatosplenomegaly, and may sometimes include neu-
rologic and hepatologic dysfunction. The Histiocyte Society
developed the HLH-2004 criteria to serve as a diagnostic and
therapeutic guideline for HLH syndrome, which encompasses
both HLH disease and conditions that mimic HLH, such as
severe infections or autoimmune diseases. One of the ma-
jor challenges in clinical practice is distinguishing true HLH
disease from these mimics, as both can fulfill the diagnostic
criteria. The diagnosis of HLH is established if one of two cri-
teria are fulfilled. The first criterion is a molecular diagnosis
consistent with HLH. The second criterion is if five of eight
objective criteria are met. These eight criteria are as follows:
fever, splenomegaly, cytopenias (affecting > 2 lineages in the
peripheral blood), hypertriglyceridemia and/or hypofibrino-
genemia, hemophagocytosis in bone marrow, spleen, or lymph
nodes, low or absent NK-cell activity, ferritin > 500 pg/L, and
soluble interleukin (IL)-2 receptor > 2,400 U/L. HLH-2004
chemo-immunotherapy includes etoposide, dexamethasone,
and cyclosporine which aim to manage the excessive immune
activation and inflammation. However, treatment of HLH dis-
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ease is often more nuanced and may involve additional mo-
dalities such as antithymocyte globulin (ATG), biologic agents
like emapalumab, or hematopoietic stem cell transplantation
[7]. In secondary HLH, treating the underlying condition can
be crucial for controlling HLH [8].

Our case report presents an interesting situation where our
patient was diagnosed with HLH and initiated on treatment per
the HLH-2004 criteria. However, after an expansive and thor-
ough workup, pinpointing the underlying secondary trigger of
HLH was elusive. This case adds to the limited findings of
hepatitis C virus (HCV)-induced HLH in the literature. Early
recognition of this association in patients may provide favora-
ble outcomes.

Case Report
Investigations

A 61-year-old male with a past medical history of untreated
HCV and hypertension presented to the emergency depart-
ment for a 3-week history of generalized weakness. Associ-
ated symptoms included fatigue, fevers, chills, night sweats,
and an unintentional 40-pound weight loss. He denied any rash
or skin lesions, and none were noted on physical examination.
Vital signs on admission showed a blood pressure of 92/53
mm Hg, heart rate of 122 beats per minute (bpm), respiratory
rate of 22 breaths per minute, and temperature of 38.1 °C. His
complete blood count showed a white blood cell count of 0.49/
uL, hemoglobin of 6.2 g/dL, and platelet count of 6 x 103/uL.
Comprehensive metabolic panel showed a creatinine of 2.32
mg/dL, alanine aminotransferase of 314 U/L, and aspartate
aminotransferase of 491 U/L. Ferritin was elevated to 7,210
ng/mL. Lactic acid was elevated to 6.93 mmol/L. Human im-
munodeficiency virus (HIV), coronavirus disease 2019 (COV-
ID-19), influenza A and B, and respiratory syncytial virus
(RSV) were negative. Blood cultures were drawn, and patient
was started on broad-spectrum antibiotics and fluid resuscita-
tion for presumed septic shock.

Diagnosis

Despite broad-spectrum antibiotics and fluid resuscitation,
the patient remained febrile and pancytopenic. The patients’
blood cultures also remained negative. Hematology Oncol-
ogy was consulted with concerns for HLH. On day 6, his IL-2
receptor level returned with a value > 4,340 U/mL. A bone
marrow biopsy was obtained which showed pancytopenia
with hemophagocytosis and polyclonal plasma cells. Per the
HLH-2004 criteria, the patient met more than five criteria for
HLH and was started on IV dexamethasone and etoposide with
resolution of his high-spiking fevers and improvement in his
hemodynamics, as well as kidney and liver function.

Genetic testing was not available during this admission.
While primary HLH was considered less likely given the pa-
tient’s age and history, we cannot fully exclude an underlying
genetic predisposition.

Treatment

Infectious Disease was consulted for the fever of unknown
origin and identification and treatment of the underlying in-
fectious trigger of HLH. A lumbar puncture showed cerebro-
spinal fluid (CSF) with low glucose (37 mg/dL) and elevated
total protein (76 mg/dL), concerning for a fungal meningitis.
CSF cultures were pan-negative for bacteria, fungi, and acid-
fast bacilli (AFB), and fungal CSF cultures specifically did
not yield any growth. Fungal serum serologies were notable
for a positive Blastomyces dermatitidis antibody, presumed
to reflect prior exposure, as there was no clinical or imaging
evidence suggestive of active infection. AFB sputum cultures
eventually grew Mycobacterium porcinum (M. porcinum), a
non-tuberculous mycobacterium (NTM). However, this was
not considered the primary infectious trigger due to lack of
systemic features of disseminated NTM infection. Addition-
ally, AFB blood and CSF cultures were negative, and chest
imaging did not demonstrate lymphadenopathy or cavitary le-
sions to suggest NTM dissemination. Given this, empiric an-
tifungal and broad-spectrum antibacterial treatments targeting
both pathogens were initiated but later discontinued once the
Karius test results and clinical data did not support active in-
fection. Further testing revealed markedly elevated HCV RNA
levels (15,460,350 IU/mL) via quantitative nucleic acid am-
plification testing. The patient had a known history of HCV,
having first tested positive 3 years earlier following a period of
incarceration. Given the absence of other plausible infectious
etiologies, untreated chronic HCV was determined to be the
likely driver of HLH in this case. The patient was initiated on
direct-acting antiviral therapy with sofosbuvir and velpatasvir
during hospitalization.

The infectious diagnostic findings across serum, CSF,
bone marrow, and sputum are summarized in Table 1.

A summary of the anti-HLH treatment course is shown in
Figure 1. Day 0 was defined as the initiation of steroid therapy.
The patient was managed per the HLH-2004 protocol with
etoposide and dexamethasone. Etoposide was administered on
days 1, 5, 8, 15, 22, and 29, and dexamethasone was tapered
accordingly. On day 26 of treatment, he experienced sudden
clinical decompensation requiring transfer to the MICU. Sol-
umedrol 1 g daily for 3 days was initiated, along with cyclo-
sporine 100 mg twice daily. A dose-reduced etoposide was
administered on day 27. The patient passed away on day 30
of treatment, prior to completion of the planned steroid taper.

Follow-up and outcomes

Unfortunately, his condition was complicated with new on-
set supraventricular tachycardia with sustained heart rates of
150 bpm. The patient was transferred to the intensive care unit
(ICU), and his transthoracic echocardiogram showed a newly
mildly reduced ejection fraction of 45-50% and regional wall
motion abnormalities, concerning for HLH cardiomyopathy.
The patient continued to deteriorate clinically. Due to his
worsening condition, the patient’s family opted to pursue com-
fort care, and the patient ultimately passed.
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Table 1. Summary of Infectious Workup by Sample Source

Sample source Test Result

Serum EBV NAAT Detected, not quantifiable
Serum HIV Negative

Serum Parvovirus IgM Negative

Serum CMV IgM Negative

Serum CMV NAAT Not detected
Serum Hepatitis A IgM Negative

Serum Hepatitis B surface antigen Negative

Serum HCV antibody Positive

Serum Blastomyces dermatitidis antibodies 2.2 1V (Ref: £0.9)
Serum Histoplasma antigen Not detected
Serum VZV by PCR Not detected
Serum HSV1 + HSV2 by PCR Not detected
Serum Meningitis encephalitis panel Negative

Serum HCV NAAT 15,460,350 TU/mL
CSF Bacterial culture Negative

CSF Fungal culture Negative

CSF AFB culture Negative

CSF Meningitis encephalitis panel Negative

Bone marrow Bacterial culture Negative

Bone marrow Fungal culture Negative

Bone marrow AFB culture Negative

Sputum AFB culture (x 3) Moycobacterium porcinum
Blood AFB blood culture Negative

Blood Fungal blood culture Negative

AFB: acid-fast bacilli; CMV: cytomegalovirus; CSF: cerebrospinal fluid; EBV: Epstein-Barr virus; HCV: hepatitis C virus; HIV: human immunodefi-
ciency virus; HSV: herpes simplex virus; NAAT: nucleic acid amplification testing; PCR: polymerase chain reaction; VZV: varicella-zoster virus.
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Discussion

HLH is a rare hyperinflammatory condition caused by exces-
sive activation of cytotoxic cells leading to organ dysfunction
[1]. It is commonly triggered by malignancies, autoimmune
conditions, or infections. Identification of several potentially
pathogenic organisms, like in our patient who had Blastomyces
dermatitidis, untreated HCV, and M. porcinum, can complicate
the diagnostic picture and delay definitive treatment of HLH.

The patient’s combination of positive results prompted con-
sideration of multiple infectious triggers and required a broad
therapeutic approach. A Karius test, which uses microbial cell-
free DNA sequencing to detect pathogens, did not identify Blas-
tomyces dermatitidis or M. porcinum. Based on this, Infectious
Disease recommended discontinuing broad antimicrobials, rein-
forcing that untreated HCV was the likely HLH trigger [9].

The association of HCV as a trigger for HLH may be a ret-
roactive diagnosis, confirmed only after clinical improvement
following antiviral therapy. Although there are very limited
documented cases of HCV-induced HLH, some studies recog-
nize that chronic viral infections such as hepatitis can lead to
immune dysregulation and trigger HLH through mechanisms
including antigenic stimulation, immune complex formation,
and macrophage activation [3, 10, 11, 12]. HCV can also
promote chronic inflammation and has been associated with
lymphoproliferative disorders like HLH. While viruses such
as CMV and EBV more commonly cause HLH, HCV-induced
cases may present with a similar clinical picture [5, 10, 12-14].

It is imperative to get a viral PCR in these patients to as-
sess viral load, like the approach of more common viral trig-
gers of HLH, including EBV and CMV [15]. Antiviral therapy
is the mainstay of HCV treatment, reducing the viral inflam-
matory process. Immunosuppression, such as etoposide and
dexamethasone, can be used to further reduce inflammation
[15]. For refractory cases, hematopoietic stem cell replace-
ment can be considered [9].

This case highlights the importance of early consideration
of HLH patients presenting with systemic symptoms and per-
sistent fevers and pancytopenia. Even when a patient’s presen-
tation may be vague or explained by other primary diagnoses,
it is crucial to consider HLH. This patient’s overlapping infec-
tious findings made determining the initial trigger difficult, but
prompt improvement in our patient after initiating HLH-guid-
ed protocol concurrent with HCV treatment supported our di-
agnosis of HLH secondary to untreated HCV. This case adds to
the very limited documented literature of HCV-induced HLH
and shows the complexity of HLH presentation and diagnosis.

Learning points

This case highlights the importance of considering HLH in pa-
tients with persistent fevers and cytopenias, even when the un-
derlying trigger is unclear. It shows that overlapping infectious
findings can complicate diagnosis, making early therapeutic
intervention critical. Most importantly, it draws attention to
HCYV as a potential but underrecognized trigger for HLH, even
in immunocompetent patients. Prompt identification and treat-

ment of HLH alongside targeted management of the underly-
ing cause can significantly impact clinical outcomes.
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