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	 Patient:	 Female, 22-year-old
	 Final Diagnosis:	 GATA2 deficiency • hemophagocytic lymphohistiocytosis
	 Symptoms:	 Chest pain • cough • fever • malaise • shortness of breath
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	 Objective:	 Rare disease
	 Background:	 Hemophagocytic lymphohistiocytosis (HLH) is a life-threatening disease characterized by an intense immuno-

logic response that results in multiorgan dysfunction. It typically manifests as a result of a familial genetic im-
munodeficiency disorder or secondary to a trigger such as an infection, malignancy, or autoimmune disease. 
The major factors involved in the development of the disease are an individual’s genetic propensity to devel-
op HLH, such as rare associated mutations, or inflammatory processes that trigger the immune system to go 
haywire.

	 Case Report:	 Before the COVID-19 pandemic, a 22-year-old woman with a history of congenital absence of the right kidney, 
right-sided hearing loss, and leukopenia presented with a 3-week history of generalized malaise, fever, chest 
pain, cough, and shortness of breath. She developed an acute systemic cytomegalovirus infection further com-
plicated by HLH. Based on her history and clinical course, an underlying primary immunodeficiency was sus-
pected. An immunodeficiency gene panel revealed a monoallelic mutation in GATA2, a gene that encodes zinc-
transcription factors responsible for the regulation of hematopoiesis.

	 Conclusions:	 GATA2 deficiency encompasses a large variety of mutations in the GATA2 gene and leads to disorders associ-
ated with hematologic and immunologic manifestations of monocytopenia and B-, and natural killer-cell de-
ficiency. Over time, affected individuals are at high risk of developing life-threatening infections and serious 
hematologic complications, such as myelodysplastic syndromes and/or leukemias. We aimed to illustrate the 
importance of identifying an underlying genetic disorder associated with secondary HLH to help guide acute 
and long-term management.
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Background

Hemophagocytic lymphohistiocytosis (HLH) is a life-threaten-
ing disease characterized by an intense immunologic response 
that results in multiorgan dysfunction. The underlying complex 
pathophysiology involves overactivation of macrophages and 
histiocytes, resulting in excessive cytokine release and the de-
struction of hematopoietic cells [1]. Studies based on animal 
models have found that HLH is predominantly driven by dysreg-
ulation and uncontrolled stimulation of CD8-positive T cells [2]. 
The North American Consortium for Histiocytosis (NACHO) 
classification of HLH syndrome distinguishes between “HLH 
disease” and “HLH disease mimics.” HLH syndrome broadly 
describes all genetic and environmental causes of pathologic 
immune dysregulation that meet the diagnostic criteria spec-
ified for HLH in 2004 (HLH-2004). HLH disease encompasses 
the following conditions: familial HLH with a distinct set of au-
tosomal-recessive gene mutations of lymphocyte cytotoxicity 
in addition to HLH occurring secondary to malignancy, autoim-
mune disease, cytokine release syndrome, and immunocom-
promise in patients who have either primary immunodeficien-
cies or treatment-related immune suppression. This includes 
patients with underlying primary immunodeficiency disorders 
who are particularly susceptible to infections or immunolog-
ic pathologies. HLH disease mimics refers to disorders that 
meet criteria for HLH but are caused by other conditions and 
will not benefit from immunosuppression, such as malignan-
cy and certain infections. It is important to note that there is 
a substantial overlap between HLH disease and HLH disease 
mimics, particularly among subcategories of malignancy and 
immune compromise. The importance of the new categoriza-
tion plays a role in treatment options for HLH and the utility 
of immunosuppression [2].

The major factors involved in the development of HLH are an 
individual’s genetic propensity to develop it, such as rare as-
sociated mutations, or inflammatory processes that trigger 
the immune system to go haywire. The most common exter-
nal triggers leading to disease are infections, predominantly vi-
ruses such as cytomegalovirus (CMV), Epstein-Barr virus (EBV), 
and HIV [2]. Although the pathophysiology of HLH syndrome 
is not completely understood, it is believed that viruses pro-
voke a hyperactive immune response in predisposed patients.

The clinical presentation of HLH is highly variable and follows 
a pattern of hyperinflammation involving multiple organ sys-
tems. Initial signs and symptoms include high fevers, spleno-
megaly, rash, and dyspnea in the setting of respiratory fail-
ure [3]. As defined by the 2004 HLH criteria, the diagnosis can 
be established if there is a verified molecular diagnosis consis-
tent with HLH or 5 of the 8 clinical criteria are met. The clin-
ical criteria are: fever; splenomegaly; cytopenia of more than 
2 lineages in peripheral blood; hypertriglyceridemia and/or 

hypofibrinogenemia; hemophagocytosis in the bone marrow 
or spleen or lymph nodes; low or absent natural killer (NK)-cell 
activity; ferritin >500 ng/mL; and elevated soluble CD25 [4]. The 
diagnostic criteria are reflective of pathologic immune activa-
tion in HLH and are useful for assessing disease progression. 
Early recognition of the disease is critical because the risk of 
death is extremely high if treatment is delayed.

The heterogeneity of the disease processes in adults does not 
allow for a standardized treatment for HLH syndrome, and rec-
ommendations stem from the HLH-94 pediatric protocol. The 
management of adult HLH relies heavily on having a high index 
of suspicion for the disease and understanding the etiology or 
trigger for onset. An individualized approach is recommended, 
with the mainstays of therapy being immunosuppression and 
supportive care. Initiation of immunosuppressive treatment 
is recommended for patients who meet the clinical criteria 
and have severe disease. It is also crucial to consider diseas-
es that mimic HLH and would not benefit from immunosup-
pression. Therapy for acutely ill patients should be in keeping 
with the HLH-94 protocol and includes induction with etopo-
side and dexamethasone for 8 weeks. Further treatment op-
tions include emapalumab, an interferon-gamma-blocking an-
tibody, in addition to dexamethasone in cases of recurrent or 
refractory disease [5]. Patients who do not exhibit severe dis-
ease with multiorgan dysfunction can be treated with steroids 
and observed for clinical improvement before starting immu-
nosuppressive therapy. Supportive care includes transfusion 
and antimicrobial therapy for infection [2,5].

Case Report

A 22-year-old woman with congenital absence of the right kid-
ney, right-sided hearing loss, and leukopenia presented to the 
Emergency Department prior to the COVID-19 pandemic with a 
3-week history of generalized malaise, fever, chest pain, cough, 
and shortness of breath. The patient’s medical history was no-
table for leukopenia, for which she had undergone extensive 
work-up a few years prior, including a negative bone marrow 
biopsy. She also reported a history of infectious mononucleo-
sis at age 13 years. Her father had a history of benign leuko-
penia, but no other pertinent family history was noted. She 
did not use alcohol, tobacco, or illicit substances.

On presentation, a review of systems revealed multiple active 
symptoms, including headaches, weakness, fevers, chills, lack 
of appetite, palpitations, and severe anxiety. The patient’s vi-
tal signs were significant for sinus tachycardia (heart rate 110/
min), tachypnea (respiratory rate 30/min), and fever (temper-
ature 39.4°C). Physical examination was remarkable for mild 
splenomegaly. An initial complete blood count with differen-
tial revealed neutropenia with counts for white blood cells of 
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0.85×109/L (reference range, 4.5-11.0×109/L), absolute neutro-
phils of 0.73×109/L (reference range, 2.0-6.6×109/L), and abso-
lute monocytes of 9.0×1011/L (reference range, 0.2-0.8×109/L); a 
hemoglobin level of 11.6 g/dL (reference range, 12.5-16.0 g/dL); 
lymphocytes 10%; mean corpuscular volume of 88.1 fL (refer-
ence range, 80.2-99.4 fL); and a platelet count of 120×109/L 
(reference range, 150-450×109/L). The peripheral blood smear 
showed moderate anisocytosis, poikilocytosis, and presence of 
Döhle bodies, ovalocytes, and toxic granulation. The patient’s 
serum aspartate aminotransferase level was elevated at 159 
units/L (reference range, 15-37 units/L) and her alanine ami-
notransferase level was normal at 65 units/L (reference range, 
12-78 units/L). Her creatinine, bilirubin, and coagulation stud-
ies were within normal limits.

Further investigations for infection, consisting of a respirato-
ry viral panel (polymerase chain reaction [PCR] testing for ad-
enovirus, Coronavirus 229E, Coronavirus HKU1, Coronavirus 
NL63, Coronavirus OC43, human metapneumovirus, rhinovi-
rus/enterovirus, Influenza A, Influenza B, parainfluenza 1-4, re-
spiratory syncytial virus, Bordetella pertussis, and Mycoplasma 
pneumonia), urinalysis, and a chest X-ray were unrevealing. 
The patient was started on empiric antibiotic therapy with van-
comycin and piperacillin/tazobactam and granulocyte stimu-
lating factor for profound neutropenia and admitted to the 
general medical floor for further management. Specialists in 
hematology/oncology and infectious disease were consulted.

The patient’s hospital course was complicated by sudden on-
set of respiratory distress on Day 3. This was characterized 
by worsening dyspnea, tachypnea, and hypoxia with an oxy-
gen saturation <85% on a 5-L nasal cannula. The patient was 
placed on a high-flow nasal cannula with rapid uptitration to 
maximum oxygen settings. At this point, a computed tomog-
raphy angiography was obtained and the patient was moved 
to the Medical Intensive Care Unit for treatment of acute hy-
poxic respiratory failure.

Investigations

The CTA was negative for pulmonary embolism; however, it re-
vealed diffuse reticulonodular infiltrates in the lungs with nu-
merous nodules, mediastinal lymphadenopathy, and spleno-
megaly (Figure 1). A bronchoscopy with bronchoalveolar lavage 
(BAL) and transbronchial biopsy was performed and revealed 
mild hypervascularity of the airways without significant secre-
tions. Samples were collected for cell count, culture, cytology, 
galactomannan assay, and flow cytometry. The cell count re-
vealed a predominance of neutrophils. An echocardiogram dem-
onstrated normal systolic function with an ejection fraction of 
roughly 60% to 65%. The blood cultures that were drawn on 
the patient’s admission showed no growth, and urine antigens 
for Streptococcus pneumoniae and Legionella pneumophila were 

negative. Multiple additional studies were obtained, including 
procalcitonin, viral serology for CMV and EBV, Aspergillus galac-
tomannan, HIV, immunoglobulin (Ig), and an autoimmune pan-
el. The results showed an elevated procalcitonin value of 4.58 
ng/mL. Viral serology was significant for acute CMV infection 
with CMV IgM >240 AU/mL (reference range, <30 AU/mL) and 
CMV IgG 0.80 u/mL (reference range, <0.60 u/mL). CMV DNA 
quantification by PCR yielded a viral load of 1 890 000 IU/mL 
(reference range, undetected IU/mL). The serology results for 
EBV were highly suggestive of reactivation, with EBV capsid 
IgM Ag 46.60 U/mL (reference range, <36 U/mL), EBV capsid 
IgG Ag 553 U/mL (reference range, <18 U/mL), EBV early Ag 
IgG >150 U/mL (reference range, <9 U/mL), and EBV nuclear 
IgG Ag 49.6 U/mL (reference range, <18 U/mL). The EBV viral 
load detected was 60 540 copies/mL. A rheumatologic pan-
el demonstrated an elevated antinuclear antibody count with 
a low titer of 1: 160 speckled pattern with ribonucleoprotein 
antibody 153 AU/mL (<100 AU/mL). It is important to note 
that an extensive autoimmune work-up was deferred until 
the patient’s acute illness had resolved. In addition, because 
she had no reported history of chronic symptoms, suspicion 
for lupus was low.

The patient’s Ig studies revealed normal levels of IgA (153 mg/dL; 
reference range, 70-400 mg/dL) and IgG (1000 mg/dL; refer-
ence range, 970-1,600 mg/dL) and elevated IgM (311; reference 
range, 40-230 mg/dL). The BAL cytology showed no malignant 
cells and the cultures were negative. The results of flow cytom-
etry from the BAL sample could not be interpreted because not 
enough cells were collected. An abdominal ultrasound revealed 

Figure 1. �Computed tomography angiography images 
demonstrating diffuse but not predominant 
reticulonodular infiltrates in the lungs. There are 
roughly 100 nodules, the largest of which is located in 
the inferior right upper lobe and measures 1.2×1.1 cm.
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increased echogenicity of portal triads, reflecting acute hepa-
titis, mild splenomegaly, and an absent right kidney. The pa-
tient’s spleen measured 13.5 cm longitudinally.

Management and Treatment

The patient was started on ganciclovir for treatment of an 
acute systemic CMV infection. Despite receiving broad-spec-
trum antimicrobial therapy and supportive care, she continued 
to deteriorate clinically and exhibited severe hypoxia, persis-
tent fever, pancytopenia, and transaminitis. Additional labo-
ratory studies were ordered to evaluate the patient’s anemia; 
the results revealed elevated levels of lactate dehydrogenase 
(LDH) (701 U/L; reference range, 85-240 U/L) and serum ferritin 
(27 514 ng/mL; reference range, 10-120 ng/mL). The patient’s 
serum fibrinogen level was elevated at 509 mg/dL and her tri-
glycerides were 380 mg/dL. At this time, given the progression 
of the patient’s illness and the previously mentioned laboratory 
abnormalities, clinical suspicion was high for HLH. A bone mar-
row biopsy and aspiration were urgently performed. The biopsy 
revealed normocellular marrow with relative erythroid atypia, 
reactive plasmacytosis, and hemophagocytosis (Figure 2). The 
results of the bone marrow aspirate with flow cytometry and 
a myelodysplastic syndromes panel were negative.

The patient met 5 of 8 diagnostic criteria for the HLH-2004 
protocol of fevers, splenomegaly, cytopenia, elevated ferritin, 
and bone marrow findings of hemophagocytosis. She was im-
mediately started on intravenous (IV) Ig and dexamethasone 
10 mg/m2. A transfer to another facility specializing in the 
HLH protocol was initiated. Supportive laboratory studies to 
aid diagnosis, including analysis of the interleukin-2 receptor, 
revealed that it was elevated at 2452 pg/mL.

Subsequent management of the patient focused on support-
ive care and antiviral therapy for acute systemic CMV infec-
tion complicated by the development of HLH. Because of con-
cern about further immunosuppression with an active CMV 
infection, treatment with high-dose corticosteroids was dis-
continued. Despite ongoing treatment and a decreasing CMV 
viral load, the patient showed no significant improvement. 
Corticosteroids then were reintroduced (IV methylpredniso-
lone, 40 mg/d). The patient subsequently began to rapidly im-
prove, with higher blood counts and less hypoxemia. She ulti-
mately did not receive etoposide because she began to show 
clinical improvement with steroids and treatment for CMV.

After extensive questioning and detailed history-taking through-
out the patient’s hospital course, the patient recalled using 
more than the allotted sick days during high school and need-
ing to be homeschooled. She reported having frequent upper 
respiratory viral infections, vaginal Candida infections, and se-
vere acne. Based on the patient’s current hospitalization for 
CMV and HLH along with a history of recurrent viral and fun-
gal infections, an underlying primary immunodeficiency dis-
order was suspected. Accordingly, specialized testing with im-
munologic and cytokine studies was performed, including IgG 
levels and lymphocyte subsets. A flow cytometric assessment 
of lymphocyte subsets for screening of primary immunodefi-
ciency reflected low levels of B, CD4, and NK cells (Table 1). 
An NK-cell function test was inconclusive because the NK cells 
were negligible. A lymphocyte antigen mitogen panel demon-
strated an absent lymphocyte response to Candida and teta-
nus, low response to phytohemagglutinin (PHA) and concana-
valin A (Con A), and a normal response to pokeweed mitogen 
(PWM). Given the high probability that the patient had an un-
derlying immune disorder, further work-up with whole exome 
sequencing was planned on an outpatient basis.

Outcome and Follow-up

During the patient’s hospitalization, the dynamics of her clini-
cal symptoms correlated with progression of inflammation. She 
had nonspecific features of low-grade fever, fatigue, and short-
ness of breath that developed 3 weeks prior to her presenta-
tion. She then experienced additional symptoms of headache, 
poor appetite, and intermittent chest pain with palpitations. 
From Day 1 of her admission until about Day 3, she reported 
complaints of fever, chest pain, and cough. On Day 3, she sud-
denly developed acute shortness of breath, which worsened 
throughout her hospitalization. The severe dyspnea was as-
sociated with clinical findings of high fever, increased work to 
breathe, and tachycardia. The patient’s symptom course was 
consistent with an infectious picture; however, the distinguish-
ing features that led to a diagnosis of HLH were the abnormal-
ities on laboratory and imaging studies. They included transa-
minitis, elevated ferritin levels, and splenomegaly.

Figure 2. �A bone marrow aspirate demonstrates 
hemophagocytosis, which is characterized by a center 
macrophage engulfing the erythroid precursor cells.
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The patient eventually had significant improvement in hypoxia 
and was weaned off supplemental oxygen and onto room air. 
The empiric antibiotics she had been prescribed were even-
tually discontinued. After being hospitalized for 18 days, she 
was discharged for acute rehabilitation on a steroid taper and 
valganciclovir, 900 mg every 12 hr. As per the recommendation 
of the Infectious Disease specialists, valganciclovir was to be 
continued indefinitely until the patient’s CMV levels were un-
detectable. Approximately 2 months after discharge, the pa-
tient’s CMV viral load reached 2380 and she was continued 
on valganciclovir, 900 mg BID for suppressive therapy in the 
setting of a suspected primary immunodeficiency.

The patient ultimately underwent outpatient genetic testing 
with a primary immunodeficiency gene panel to assess 207 
genes associated with inherited immune disorders. The panel 
identified a monoallelic mutation in the GATA2 gene (c. 1009 
C>T, p.Arg337*). The patient was referred to a center for eval-
uation for allogeneic bone marrow transplantation. After ex-
tensive medical testing and pre-transplantation assessment, 
she underwent a haploidentical human leukocyte antigen bone 
marrow transplant approximately 11 months after she was di-
agnosed with GATA2 deficiency.

Discussion

This case demonstrates an underlying primary immunodefi-
ciency disorder, GATA2 deficiency, in a patient who presented 
with acute CMV-activated HLH [6]. The GATA2 protein is a tran-
scription factor that regulates genes largely involved in hema-
topoietic and lymphatic stem cell maintenance. The disease is 
characterized by manifestations of monocytopenia and NK- and 
B-cell lymphopenia that predispose patients to viral, fungal, 
and mycobacterial infections. Syndromes commonly associat-
ed with GATA2 deficiency are monocytopenia and mycobacte-
rial syndrome (MonoMAC); dendritic cell, monocyte, B, and NK 
lymphoid (DCML) deficiency; and primary lymphedema with 
myelodysplasia (Emberger syndrome) [4]. Importantly, deple-
tion of or low NK-cell count is not only a part of GATA2 defi-
ciency but also a diagnostic criterion for HLH. This strongly in-
dicates a propensity for aggressive HLH.

The clinical presentation of GATA2 deficiency is widely variable, 
ranging from asymptomatic to severe, life-threatening condi-
tions such as severe infections or hematologic malignancies. 
Patients are particularly susceptible to viral infections, most 
commonly EBV, varicella-zoster virus, and human papilloma-
virus (HPV). Other manifestations include malignancies with 
increased risk for myeloid leukemia, autoimmune disorders, 
thrombotic events, lymphedema, and pulmonary alveolar pro-
teinosis. An early diagnosis of GATA2 deficiency is vital for ap-
propriate family screening, preventive care, and assessment of 
the role of transplantation [7,8]. Over time, patients are at high 
risk for developing myeloid leukemia, chronic myelomonocytic 
leukemia, and myelodysplasia. Long-term care must focus on 
frequent monitoring of peripheral blood cell counts and bone 
marrow cytogenetics to assess for potential progression to a 
hematologic pathology. In addition, prophylaxis with vaccina-
tions for HPV and azithromycin for prophylaxis against myco-
bacterial infections are the mainstays of long-term preventive 
care [8]. Allogeneic hematopoietic stem cell transplantation 
(HSCT) is the only curative treatment for GATA2 deficiency, 
given the progression in bone marrow failure [9].

Like other primary immunodeficiency disorders, GATA2 defi-
ciency has been associated with the development of HLH syn-
drome [10]. Regardless of the classification and etiology of 
HLH, the presentation is defined by immune activation of the 
mononuclear phagocytic system, which leads to an exaggerat-
ed inflammatory response. Subsequent immune activation re-
sults in tissue damage and multiorgan failure. GATA2 deficien-
cy is often missed as a diagnosis because of its rarity, variable 
clinical presentation, and lack of specific laboratory findings. 
Although bone marrow aspiration and biopsy are used as evi-
dence to support diagnosis, findings of hemophagocytosis are 
neither sensitive nor specific for HLH. Commonly encountered 
findings in the bone marrow are phagocytosis of nucleated cells 

Lymphocyte subsets Value Reference range

% CD3 96 (H) 62-87%

Absolute CD3 367 (L) 570-2400 cells/uL

% CD4 21 (L) 32-64%

Absolute CD4 79 (L) 430-1800 cells/uL

% CD8 78 (H) 15-46%

Absolute CD8 296 210-1200 cells/uL

CD4: CD8 ratio 0.27 (L) 0.8-3.90 ratio

% CD19 2 (L) 6-23%

Absolute CD19 8 (L) 91-610 cells/uL

% CD45RA 30 28-71%

Absolute CD45RA 25 (L) 150-870 cells/uL

% CD45RO 69 28-72%

Absolute CD45RO 56 (L) 190-1050 cells/uL

% Natural killer cells <1 (L) 4-26%

Absolute atural killer 
cells

<1 (L) 78-470 cells/uL

Table 1. �Flow cytometric screening of lymphocyte subsets for 
primary immunodeficiency. The results revealed low 
levels of B, CD4s, and natural killer cells.
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and activated macrophages [11]. Following confirmation of the 
diagnosis, rapid induction of dexamethasone and etoposide 
based on the HLH-94 protocol has resulted in survival rates 
of over 50% in pediatric patients with primary/familial HLH. 
The goal of therapy is to suppress inflammation and overacti-
vation of immune cells. If the etiology of HLH is unknown, ex-
tensive work-up should include diagnostic studies to look for 
an underlying infectious process, malignancy, and/or autoim-
mune disorder. In all situations, treatment should not be de-
layed and should focus on halting the immune response [6]. 
In patients who do not respond to initial treatment, allogeneic 
HSCT should be considered. Before the use of SCT in primary 
HLH, nearly all patients relapsed and died [6,12].

A review of the literature shows that there have been only a 
handful of cases describing an underlying GATA2 deficiency in 
patients with acute secondary HLH [10]. Given the rarity of such 
a disease entity, treatment is highly variable. To better under-
stand the correlation of GATA2 deficiency with the course of 
a widespread inflammatory response syndrome like HLH, we 
aimed to compare the approaches to management in a similar 
reported case. In a case described by Suzuki et al, the patient 
was started on corticosteroids with prednisolone 1 mg/kg/day 
before the etiology was known to be HLH [10]. Because of 
the progression of the illness, the patient received pulse-dose 
methylprednisolone (1 g/d for 5 days). The patient had clinical 
improvement on high-dose steroids and ultimately did not re-
ceive antiviral therapy once the diagnosis of CMV was estab-
lished [10]. In comparison, our patient was treated for acute 
systemic CMV with antiviral drugs and high-dose steroids were 
administered once suspicion for HLH became high. It is im-
portant to note that induction therapy as outlined in the HLH 

protocol was not used in either case. Both of the patients had 
clinical improvement on high-dose steroid therapy, which sug-
gests an underlying overwhelming immune activation charac-
teristic of HLH. Although the treatments in the cases described 
differed, improvement in the patients’ illnesses likely can be at-
tributed to the steroid therapy, which halted overactivation of 
the immune system, and a robust antibody response to CMV. In 
conclusion, the mainstay of therapy for HLH consists of treat-
ment of the underlying cause, administration of immunosup-
pressive agents to blunt immune response, and supportive care.

Conclusions

This case provides insight on the importance of recognizing key 
elements and features in a patient with an acute viral syndrome 
triggered by HLH and an underlying primary immunodeficiency 
disorder. A key takeaway point to reiterate is the need to identi-
fy an underlying etiology, such as a primary immunodeficiency, 
in patients who have severe presentations in response to typ-
ical pathogens like CMV. Furthermore, the diagnosis of GATA2 
deficiency in the setting of acute HLH warrants highly special-
ized care and prompt evaluation for HSCT. Because such care 
requires an individualized approach with detailed management, 
treatment in centers with highly trained specialists is impor-
tant to optimize patient outcome. In addition, timely diagnosis 
is essential to lower the risks of morbidity and mortality in all 
patients who are suspected of having HLH syndrome.
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