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Abstract

Macrophage activation syndrome (MAS), a form of secondary hemophagocytic lymphohistiocytosis, is commonly encountered in
pediatric rheumatologic emergencies. Recognition of MAS in a child with systemic juvenile idiopathic arthritis (sJIA) is challenging
because the prominent inflammatory expression of sJIA obscures its subclinical forms. Lung disease detected in these children is
characterized by a distinct immunological and clinical feature. We describe a boy aged 13 years presenting with fever for 3 months
followed by polyarthralgia, maculopapular rash, non-productive cough, and constitutional symptoms including anorexia, weight
loss, and generalized paleness of the body. On examination, the child had pallor, grade-1 clubbing, pedal edema, hepatomegaly,
and fine crepitations in the right lower lung field. The child fulfilled Pediatric Rheumatology International Trials Organisation criteria
for MAS in sJIA and was managed by pulse methylprednisolone, immunoglobulin, and cyclosporine, which showed a significant
response. The child was successfully treated and discharged home. MAS in the clinical setting of sJIA is life-threatening; prompt

initiation of immunosuppressive therapy can be life-saving.
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Introduction

Macrophage activation syndrome (MAS) is a secondary
form of hemophagocytic lymphohistiocytosis (sHLH) and
represents a frequent pediatric rheumatic crisis'. MAS can
cause severe, life-threatening presentations in about 10%
of children with systemic juvenile idiopathic arthritis (sJIA),
and up to 30% may have subclinical MAS.

This case highlights the significance of extremely high ferritin
levels as a predictor of MAS in sJIA and presents associated
findings suggesting a newly recognized entity designated
sJIA- lung disease (LD), an inflammatory LD. The emphasis
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on early initiation of immunosuppressive therapies
to mitigate the underlying cytokine storm cannot be
overstated.

Case Report

A thirteen-year-old male, who was underweight, was
admitted with chief concern of prolonged high-grade
intermittent fever for 3 months followed by polyarthralgia
along with restriction of range of motion (ROM) across the
temporomandibular joint, bilateral hip joint and cervical
spine, accompanied by an erythematous maculopapular
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rash over the trunk with non-productive cough for
2 weeks with associated constitutional symptoms
of anorexia, weight loss, generalized paleness and
weakness of the body.

Prior to this hospital admission, he was treated as an
outpatient by multiple practitioners for similar complaints.
Upon persistence and worsening
of symptoms, the patient required 4

(3.3 g/L), leukopenia, and elevated aspartate
aminotransferase (AST) (1166.8 U/L); these findings
fulfilled the Paediatric Rheumatology International Trials
Organisation (PRINTO) criteria for MAS in sJIA (Table 2).
Immunologically, the patient was negative for rheumatoid
factor. In addition, indirect and direct Coombs tests were
negative. Bone marrow aspiration
revealed reactive granulocytic

hospital admissions during which he
was transfused 3 units of packed red
blood cells (PRBC).

General physical examination revealed
pallor, grade 1 clubbing, and bilateral
pitting edema of the feet, with no
icterus, cyanosis, or lymphadenopathy.
Erythematous, non-pruritic  maculo-
papular rash over the trunk was
present. Tenderness and restriction of
ROM were present during active and
passive movements of the bilateral hip
joints, temporomandibular joints, and
cervical spine. The abdomen was soft,
non-distended, and non-tender. His
liver was enlarged and palpable 5 cm
below the right costal margin, with a liver
span of 16 cm and a firm consistency.
The spleen was not palpable. There

* We report a case of systemic
juvenile idiopathic arthritis (sJIA)
complicated by macrophage
activation syndrome (MAS) and
lung disease, highlighting the
importance of timely recognition
and prompt initiation  of
immunosuppressive treatment,
which can be life-saving.

* A high index of suspicion for
MAS in any child with fever
and an underlying or suspected
rheumatologic disease facilitates
timely recognition.

* In  resource-limited settings,
cyclosporine plays a well-defined
role in the management of MAS
and in controlling systemic
features in children with sJIA.

hyperplasia. Procalcitonin  was
markedly elevated (39,220 ng/L),
and serum galactomannan
was negative. Cardiac markers
revealed raised Pro B-type
natriuretic peptide (142.95 pmol/L),
electrocardiography showed sinus
tachycardia, and two-dimensional
echocardiography suggested
mild  left ventricular  systolic
dysfunction with a left ventricular
ejection fraction of 52%, moderate
pulmonary artery hypertension, and
moderate tricuspid regurgitation
with mild global hypokinesia.

The chest X-ray  showed
opacities in both lung fields, with
cephalization of the pulmonary
vasculature (Figure 1). High-

was no shifting dullness or fluid thrill.

Respiratory system examination

revealed clear breath sounds with fine crepitations in the
right lower lung. Examination of the cardiovascular and
central nervous systems was unremarkable. The child
was admitted and started on broad-spectrum antibiotics.
Anti-tubercular treatment (ATT), initiated elsewhere, was
continued.

On the basis of the clinical presentation and the exclusion
of infectious etiologies, inflammatory disorders,
malignancy, and other rheumatologic conditions, a
provisional diagnosis of sJIA was made. Later in the
course of the illness, the patient developed icterus in
the clinical setting of prolonged, high-spiking fever with
markedly elevated inflammatory markers, deranged liver
enzymes, coagulopathy, and a clinical picture consistent
with cytokine storm, leading to suspicion of secondary
HLH in the setting of sJIA.

Complete blood count demonstrated persistent anemia,
leucocytosis with total leukocyte count of 14.3x10°/L,
and thrombocytosis with a maximum documented count
of 4.25x10"?/L.

Liver function tests were initially within normal limits, but
during the hospital stay liver enzymes became elevated,
with total serum bilirubin of 1.11 mg/dL, direct bilirubin of
0.52 mg/dL, serum glutamic oxaloacetic transaminase
of 1166.8 U/L, serum glutamic pyruvic transaminase of
1219 U/L, and alkaline phosphatase of 333.8 U/L. The
coagulation profile was abnormal, with a prolonged
prothrombin time (31.7 s) and an elevated international
normalized ratio (2.41) (Table 1).

In the setting of suspected sJIA, inflammatory
markers were elevated, including C-reactive protein
(243.2 mg/L), hyper-ferritinemia (449438.20 pmol/L),
hypertriglyceridemia (2.5 mmol/L), hypofibrinogenemia

resolution computed tomography
of the thorax showed ill-defined
patches of ground-glass attenuation in both lungs, more
marked peripherally, with right-sided fissural thickening,
suggestive of LD in sJIA.

Given the absence of clinical improvement and
negative labs, ATT was discontinued after one week of
hospitalization. Once a working diagnosis of sJIAdisease
was made, the patient was started on oral prednisolone
60 mg once daily. Fever persisted and his inflammatory
markers continued to rise. After establishing a diagnosis
of MAS, the patient was started on pulse intravenous
methylprednisolone at 30 mg/kg/day for 5 days, along
with oral cyclosporine at 4 mg/kg/day. Intravenous
immunoglobulin (IVIG) was also administered at a dose
of 2 g/kg. During illness, the child required 4 units of
PRBC transfusion.

Fever spike frequency decreased one day after
initiation of pulse methylprednisolone and cyclosporine.
Cytopenia and transaminitis improved, and inflammatory
markers were eventually reduced. The child remained
well and was discharged with oral prednisolone 60 mg
daily (2 mg/kg/day) and oral cyclosporine 100 mg (4 mg/
kg/day).

The patient was followed as an outpatient and had
inactive disease while on prednisolone and cyclosporine.
Prednisolone was tapered and discontinued over 8
weeks, and cyclosporine was continued for 6 months.
Eventually, lab parameters showed normal levels of
hemoglobin, white blood cell count, ferritin, triglycerides,
and fibrinogen.

Informed consent was obtained from the parents of the
patients.
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Figure 1. Chest radiograph showing bilateral lung infiltrates

Discussion

MAS is a rare and potentially complication of pediatric
chronic rheumatic disorders, particularly sJIA. MAS can
produce severe, rapidly progressive symptoms in about
10% of children with sdJIA, whereas as many as 30%
may have subclinical MAS2. The syndrome, with an
estimated prevalence of 10% among sJIA patients, may
also present subclinically in an additional 30-40%3. Early
histopathology may not reveal hemophagocytosis*.Lung
involvement is increasingly identified in children with
sJIA, particularly in those with MAS®. Children with sJIA
and severe ongoing LD are at higher risk of death. This
newly recognized LD may affect more than 5% of sJIA
patients®.

During the early phase of the disease, MAS is difficult
to diagnose and at times may mimic a flare of the
primary illness®.Using PRINTO criteria, a febrile child
with confirmed or suspected sJIA is classified as MAS
when ferritin exceeds 684 ng/mL and at least two of
the following laboratory values are abnormal: platelets
<181x10°%L, AST>48 U/L, triglycerides >156 mg/dL, and
fibrinogen <360 mg/dL. These abnormalities should not
be better explained by the patient’s other conditions,
such as concomitant immune thrombocytopenia,
hepatitis, leishmaniasis, or familial hyperlipidemia®.
Hyperferritinemia has the highest sensitivity and
specificity in diagnosing MAS, followed by elevated
lactate dehydrogenase, hypertriglyceridemia, and
hypofibrinogenemia’. Our patient presented with daily
non-remitting fever, bicytopenia, reduced fibrinogen
levels, and markedly elevated ferritin, which prompted
us to consider a diagnosis other than an sJIA flare.

Table 1.

Routine blood investigation

Parameter At admission Day-7 Day-15 Day 18 Day-20
Hemaoglobin 7 g/dL 6.2 g/dL 3.9 g/dL 5.6 g/dL 8.1 g/dL
Total leucocyte count 6.8x10°/L 6.1x10%L 0.8x10°/L 3.7x10°/L 14.3x10°/L
Neutrophils 76% 76% 37% 55% 80%
Lymphocytes 22% 20% 58% 42% 17%
Eosinophils 01% 02% 01% 01% 01%
Monocytes 02% 01% 02% 02% 01%
Basophils 0% 0% 0% 0% 0%
Platelet count 4.25x10"?/L 2.64x10"?/L 1.80x10"%/L 2.23x10"%/L 2.63x10"%/L
Red blood cell count 3.2 M/uL 3.1 M/uL 2.4 M/uL 2.8 M/uL 3.4 M/uL
Mean cell volume 76 fL 85.5 fL 73 fL 75 fL 76.5 fL
MCH 28.5 pg 30.2 pg 28.6 pg 28.5 pg 30.8 pg
MCHC 33.6 g/dL 36.3 g/dL 40 g/dL 38 g/dL 40.2 g/dL
RDW 25.8% 25.6% 25.2% 259 % 25.1%
Hematocrit 19.5% 18.1 % 9.7% 14.8 % 20.2 %
Total bilirubin 0.8 mg/dL 0.60 mg/dL 1.11mg/dL 0.81mg/dL
Direct bilirubin 0.4 mg/dL 0.36mg/dL 0.52mg/dL 0.52mg/dL
SGOT 31 I1U/L 41.5 [U/L 119 IU/L 68.8IU/L
SGPT 18.6 IU/L 29.8 IU/L 452.4 |U/L 20.11U/L
Alkaline phosphatase 350 IU/L 376.8 IU/L 333.8 243.2
Albumin 2.77 gm/dL

Protein 4.76 gm/dL

Sodium 134.2 mEqg/L 130.6 mEq/L 130.7 mEqg/L

Potassium 3.88 mEq/L 4.08 mEg/L 5.24 mEq/L

Calcium 4.28 mEq/L 4.56 mEq/L 5.12 mEq/L

Prothrombin time 279s 31.7s 133s

International normalised ratio 2.1 2.41 0.98

MCH: Mean corpuscular hemoglobin, MCHC: Mean corpuscular hemoglobin concentration, RDW: Red cell distribution width, SGOT: Serum glutamic oxaloacetic transaminase, SGPT:
Serum glutamic pyruvic transaminase
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Special investigations

Parameter At admission Day-7 Day- 15 Day-18 Day-20
C-reactive protein 243.2 mg/L 59.22 mg/L 18.46 mg/L 141.3 mg/L

Ferretin 51424.84 pmol/L 217646.66 pmol/L  449438.20 pmol/L 224700 pmol/L ~ 88277.26 pmol/L
Procalcitonin 4.16 pg/L 39.22 pg/L

Fibrinogen 330 mg/dL

Triglyceride 221 mg/dL

Rheumatoid factor 1.1 IU/mL

Serum creatinine kinase MB 8 IU/L

Galactomannan 0.516 (negative)

Direct Coombs test Negative

Pro BNP

Electrocardiogram

142.95 pmol/L

Sinus tachycardia

Echocardiogram

Mild left ventricular systolic dysfunction with a left ventricular ejection fraction of 52%, moderate
pulmonary artery hypertension, moderate tricuspid regurgitation with mild global hypokinesia

Bone marrow examination

Reactive granulocytic hyperplasia

Blood culture Sterile
Urine culture Sterile
Gastric aspirate for Acid Fast Bacilli Negative
and CBNAAT 9
RT-PCR COVID19 Negative

Fundus examination

Slit lamp examination No evidence of uveitis

HIV ELISA, HBsAg, HCV ELISA Non-reactive

Anti hepatitis A virus IgM antibody Negative
Anti hepatitis E IgM antibody Negative
Anti-CMV IgM antibody Negative
Ebstein bar virus PCR Not detected
Parvo B-19 DNA Detected
RT-PCR for CMV Not detected

Chronic resolving superficial hemorrhage (left eye) over macula

HIV: Human immunodeficiency virus, HBsAg: Hepatitis B surface antigen, HCV: Hepatitis C virus, ELISA: Enzyme-linked immunosorbent assay, CMV: Cytomegalovirus, PCR: Polymerase
chain reaction, MB: Myocardial band, BNP: B-type natriuretic peptide, CBNAAT: Cartridge-based nucleic acid amplification test, IgM: Immunoglobulin M, DNA: Deoxyribonucleic acid, RT-

PCR: Reverse transcription polymerase chain reaction, S: Serum

The most widely used first-line therapy in MAS is
intravenous pulse methylprednisolone for 3 to 5 days,
followed by oral prednisolone®.Oral steroids are initiated
at a dose of 2 mg/kg/day and are gradually tapered
while clinical and laboratory parameters are monitored.

The addition of cyclosporine to corticosteroids results in
rapid control of the underlying cytokine storm, thereby
limiting excessive corticosteroid use. Given the lack
of consensus regarding duration, cyclosporine is
administered for varying lengths of time in MAS, typically
ranging from 3 months to 2 years®.Cyclosporine may be
considered a less costly alternative to biological agents
in resource-limited settings, particularly when systemic
features predominate. Biological agents such as anti-
IL (interleukin)-1 therapies (anakinra) are typically
contemplated early when there is no improvement after
IVIG, with dosing starting at 2 mg/kg/day and increasing
to 8 mg/kg/day for refractory situations’. Rituximab,
a cluster of differentiation 20 monoclonal antibody,
may be used to treat MAS brought on by Epstein-Barr
virus. Under these circumstances, a dose of 375 mg/
m?2 administered once weekly for four weeks resulted in
positive outcomes''. Etoposide is used to treat severe
MAS-HLH refractory to conventional anti-inflammatory
medications'.

In patients who fail conventional therapy, such as
high-dose glucocorticoids with or without anti-IL-1
and/or cyclosporine, emapalumab, a fully human
immunoglobulin G1 anti-interferon-gamma monoclonal
antibody, has demonstrated effectiveness’™.

Our child demonstrated ground-glass opacities and
fissural thickening in the right lung, together with grade-1
clubbing, all of which were consistent with the entity
sJIA-LD described by Schulert et al®. in a retrospective
study of eighteen patients with sJIA. sJIA-LD is a new
autoinflammatory disease seen in patients with disease
onset before 2 years of age, in patients with recurrent
MAS, and in patients treated with IL-1 and IL-6-blocking
biologic agents™.

Conclusion

MAS is a near-fatal complication, and very high
ferritin levels are predictive of it in the setting of sJIA.
This case also emphasizes that timely initiation of
immunosuppressive treatment can be lifesaving. sJIA-
LD is a newly recognized entity increasingly detected in
children with sJIA, particularly in association with MAS.
We concluded that high suspicion, early detection, and
prompt treatment of MAS improve patient outcomes.
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