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A Case of Delayed COVID-19-Related Macrophage
Activation Syndrome
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Abstract

Although coronavirus disease 2019 (COVID-19) is primarily a res-
piratory illness, clinical experiences have shown that almost no sys-
tem is exempted. The severity of the disease can also range from mild
presentation with complaints such as headache, aches and pains, taste
and sense of smell disturbances to a more severe presentation with
acute respiratory distress syndrome (ARDS) that necessitate admis-
sion to intensive care units. In such severe presentation, hypercy-
tokinemia, typically found in cytokine storm syndrome (CSS), par-
ticularly macrophage activation syndrome (MAS) is often present.
CSS can result from diverse, heterogeneous conditions of different
clinical phenotypes, such as infections, hematological, rheumatologi-
cal or iatrogenic conditions leading to systemic hyperinflammation.
Some clinical and laboratory findings may give clues to such a highly
lethal syndrome and allow early diagnosis and introduction of effec-
tive therapy. In this case we describe a COVID-19 pneumonia patient
who was discharged home following improvement in his respiratory
symptoms to present few days later with a fatal form of CSS, present-
ing with ARDS, fulminant hepatic failure and coagulopathy.
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Introduction

Coronavirus disease 2019 (COVID-19) is a pandemic that was
first reported in China. Infection with the virus results in a great
variety of symptoms across the spectrum, from symptomless
disease to a severe lethal syndrome. Although this severe form
can occur in healthy individuals at any age, it is predominantly
more common in elderly patients and those who are immuno-
compromised. Other risk groups for such a severe presentation
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include obesity, black, Asian and minority ethnic (BAME) pop-
ulation and metabolic syndrome patients [1]. The natural his-
tory of the most common form of COVID-19 presentation is of
flue-like symptoms, fever, impaired or complete loss of sense
of smell and taste, headache and myalgia. Common laboratory
findings include high C-reactive protein (CRP), reduced lym-
phocyte count and high D-dimer level. Radiologically diffuse
patchy infiltrate and ground glass appearance are frequently
seen on plain X-rays and computed tomography (CT) scan of
the chest, respectively. Confirmation of the diagnosis is made by
positive polymerase chain reaction (PCR) testing for coronavi-
rus in nasopharyngeal swabs of symptomatic patients.

COVID-19, particularly in those presenting with acute
respiratory distress syndrome (ARDS), may result in marked
inflammation and hyperimmune state with elevated cytokines
[2]. This results from COVID-19 directly infecting macrophag-
es and monocytes through the angiotensin-converting enzyme
(ACE2) receptor, resulting in macrophage activation syndrome
(MAS) [3], for which a high level of ferritin is considered to be
a marker [4]. CSS can not be considered as a separate disease
entity, but rather a common final point of different initial pa-
thologies. These pathologies could be infections, hematological,
rheumatological, autoimmune or even of iatrogenic origins. Al-
though this syndrome, observed in COVID-19, does share many
laboratory and clinical features of MAS occurring in sepsis and
other hematological and rheumatological conditions, significant
differences still exist. Therefore, COVID-19-specific hyperin-
flammatory syndrome criteria have been proposed for more pre-
cise diagnosis and differentiation from other causes [5].

Case Report
Investigations

An obese, 54-year-old Caucasian male, with a body mass in-
dex of (31.8) and no significant past medical history, was ad-
mitted to our hospital 5 days following a positive coronavirus
nasopharyngeal swab test in the community. He was admitted
with fever, rigors, persistent cough, myalgia and shortness of
breath, with no chest pain, palpitation, or hemoptysis. Rel-
evant to his presentation is that he is non-smoker, does not
drink alcohol and has no history of liver disease or other co-
morbidities. On clinical examination, the patient looked un-
well with a temperature of 39.5 °C, low O, saturation at 88%
on room air, with blood pressure of 140/82 mm Hg, a heart rate
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Figure 1. Chest X-ray: increased air space shadowing (arrows) in the
mid and lower zones with a peripheral pattern suggestive of COVID-19
pneumonia. COVID-19: coronavirus disease 2019.

of 95/min, respiratory rate of 22/min and bibasilar crackles, no
pleural, pericardial rub or deep vein thrombosis. The rest was
unremarkable.

Diagnosis

Laboratory investigations showed lymphopenia 0.59 (1.0 - 3.6
x 10%/L), high CRP at 244 (0 - 5 mg/L), and ferritin 1,620 (40
- 405 pg/L). Lactate dehydrogenase (LDH) was elevated at
334 (135 - 225 p/L). Clotting, liver and renal functions were
all normal. Atypical pneumonia screen and blood cultures were
both negative. Arterial blood gas (ABG) was consistent with
type 1 respiratory failure. Chest X-ray (CXR) (Fig. 1) showed
bilateral patchy consolidation. The patient was diagnosed with
COVID-19 pneumonia.

Treatment

He was treated with O, therapy, intravenous antibiotics, dexa-
methasone and remdesivir. While inpatient he needed high-
flow O, (15 L/min) at some stage in the high dependency unit,
during which tocilizumab was given. The patient made a good
recovery, stepped down to the ward and was discharged home
with O, saturation of more than 94% on room air and with
dramatic improvement in his inflammatory markers.

Follow-up and outcomes

Two weeks following his discharge, he was readmitted with
being generally unwell, with extreme fatigue, a poor appetite,
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Figure 2. Chest X-ray: extensive abnormal densities (arrows) through-
out the lung fields are consistent with COVID-19 infection. COVID-19:
coronavirus disease 2019.

reduced oral intake and a high temperature. His heart rate was
132/min, pyrexial at 38.2 °C, hypotensive with blood pressure
of 92/52 mm Hg, and tachypnea with respiratory rate of 32/
min. His Glasgow Coma Scale (GCS) was 14/15, icterus posi-
tive in eyes, peripherally cyanosed, positive flapping tremors,
encephalopathic, with a distended tender abdomen. He was in
severe type 1 respiratory failure, with pO, of 5.7 (11 - 13 kPa),
pCO, of 4.7 (4.8 - 6.00 kPa) and severe metabolic acidosis
with a PH of 6.97, lactate of 13.8 mmol, base excess of -22.5
and bicarbonate of 7.9 mmol/L. He was also in severe acute
kidney injury with hyperkalemia with potassium of 6.4 (3.5 -
5.5 mmol/L) and high creatinine of 200 (59 - 104 pmol/L) and
glomerular filtration rate (GFR) (EPI) at 32 (90 - 200 mL/min).
Liver function tests showed acute hepatic injury with alanine
aminotransferase (ALT) of 13,685 U/L, aspartate aminotrans-
ferase (AST) of 23,118 U/L, bilirubin of 83 (0 - 21 pmol/L),
amylase of 413 (28 - 100 U/L), alkaline phosphatase (ALP)
of 322 (30 - 130U/L), gamma-glutamyl transpeptidase (GGT)
of 930 (10 - 71 U/L), and albumin of 28 (35 - 50 g/L). Par-
acetamol level was undetectable. Coagulopathy was impaired
with high international normalized ratio (INR) at 2.1 (0.9 - 1),
and raised activated partial thromboplastin time (aPTT) at 50
s (24.6 - 36.6 s). D-dimer level was high and platelets were
low at 65 (150 - 400 x 10%/L). CRP was 55 mg/L. Ferritin was
extremely high at 99,999 pg/L (40 - 405 pg/L).

He was admitted directly to the intensive care units (ICUs)
for hemodynamic and respiratory support. A central venous cath-
eter was inserted and was put on high-flow oxygen with a poten-
tial for intubation and ventilation. Intravenous piperacillin/tazo-
bactam, intravenous fluids, human albumin serum, fresh frozen
plasma, dexamethasone, proton pump inhibitors and bicarbonate
were administered intravenously. CXR (Fig. 2) and CT of abdo-
men and pelvis with contrast were done (Figs. 3-5). The patient
condition was discussed with the regional hepatology and liver
transplant unit and in view of the multiorgan failure they advised
best supportive care with regular update on his condition. Few
hours later the patient further dropped his GCS and became more
hypotensive with mean arterial pressure of 60 mm Hg. At this
stage he was intubated and ventilated. Sadly he developed car-
diac arrest and died within 24 h of his readmission.
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Figure 3. CT of abdomen and pelvis: multiple pulmonary emboli (ar-
rows). CT: computed tomography.

Discussion

COVID-19 is a multisystem disorder with a wide spectrum of
clinical and laboratory manifestations. Among the many tar-
gets involved in this disease process is the direct involvement
of the macrophages, in a process that may lead to hyperinflam-
matory syndrome with ARDS and end organ damage [6].
Contrary to what most clinicians understand, CSS result-
ing in ARDS and multiorgan failure can suddenly occur during
the recovery process [7]. Our patient is an example of this. It is
not necessarily that such patients show severe clinical manifes-
tations in the early stage of the disease. Some of these patients
only showed subtle presentation such as mild fever, cough,
aches and pains, before rapidly developing this syndrome. It is

Figure 4. CT of chest: pulmonary changes suggestive of evolving
COVID-19 pneumonitis with some confluent consolidation in the right
base (arrow). CT: computed tomography; COVID-19: coronavirus dis-
ease 2019.
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Figure 5. CT of abdomen: diffuse fatty change and perihepatic edema
(arrow) are in keeping with acute hepatitis. CT: computed tomography.

thought that dysregulated and excessive immune responses is
the main trigger for MAS. Of these dysregulated responses is the
delayed release of interferons, in the early stages of COVID-19
infection hindering the early antiviral defence mechanisms [8].
This is followed by excessive release of cytokines such as in-
terleukin-6 and chemokines, which both result in many inflam-
matory cells, neutrophil and monocytes crowding in the respira-
tory epithelial cells ultimately leading to lung injury, ARDS and
other extrapulmonary organs failure [9].

Recently understanding of this syndrome has increased
with a progressive increase in case reports of different presen-
tations of COVID-19-associated hyperinflammatory features.
Despite this, hypeinflammatory syndrome, even in more se-
vere COVID-19 patients, is rare and may account for less than
5% of adult patients. However, this could be an underestima-
tion as most cases lacked information about the diagnostic cri-
teria, since such criteria or tests are not routinely performed
in clinical practice [10]. Another reason for this underestima-
tion is that the clinical symptoms and signs of these hyper-
inflammatory syndromes, such as CSS, are non-specific and
may be quite similar to sepsis, resulting in considerable dif-
ficulty attributing such a presentation to CSS [11, 12]. There
is also a lack of universality of the diagnostic criteria of such
syndromes, partially due to lack of knowledge about the syn-
drome and the limitations and insufficiencies of the criteria
themselves, therefore these criteria are under continuous eval-
uation and evolution [13]. Another factor contributing to the
underestimation of hyperinflammatory syndrome is the poten-
tial lack of sensitivity in using some of the existing scores in
COVID-19 patients [10].

Due to all these limitations, some criteria for hyperinflam-
matory syndrome in COVID-19 are proposed Table 1 [5].

Criteria proposed for hyperinflammtory syndrome as-
sociated with COVID-19 [5] included: 1) Fever (defined as
temperature more than 38.0 °C). 2) Macrophage activation
(defined as ferritin concentration of 700 ug/L or more). 3) He-
matological dysfunction (defined as neutrophil to lymphocyte
ratio of 10 or more, or both hemoglobin concentration of 9.2 g/
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Table 1. Patient Results Against Criteria for Hyperinflammatory Syndrome

Criteria First admission Second admission
Fever (temperature more than 38 °C) 39.5°C 38.2°C
Ferritin concentration (40 - 405 pg/L) 1,620 > 99,999
Neutrophil count (2.1 - 7.4 x 10%/L) 12.55 11.15
Lymphocytes count (1.0 - 3.6 x 10%/L) 0.59 0.45
Platelets count (150 - 400 x 10%/L) 240 65
Quantitative D-dimer (0 - 250 ng/mL) 446 375
LDH level (135 -225U/L) 334 543
AST level (0 - 40 U/L) Not done 23,118
ALT level (0 - 41 U/L) 101 13,685
CRP level (0 - 5 mg/L) 244 55
Triglycerides level (less than 1.7 mmol/L) 1.3 1.9

LDH: lactate dehydrogenase; AST: aspartate aminotransferase; ALT: alanine aminotransferase; CRP: C-reactive protein.

dL or less and platelets count of 110 x 10° cells per L or less.
4) Coagulopathy defined as D-dimer concentration of 1.5 pg/
mL or more. 5) Hepatic injury (defined as LDH concentration
of 400 U/L or more, or an AST concentration of 100 U/L or
more). 6) Cytokinemia defined as interleukin-6 of 15 pg/mL or
more or a triglyceride concentration of 150 mg/dL or more or
a CRP concentration of 15 mg/dL or more.

The rapid deterioration of our patient with high temperature,
coagulopathy, severe hepatic injury and extremely high ferritin
makes MAS in the context of COVID-19 the most likely diag-
nosis. He also satisfied most of the proposed criteria for hyperin-
flammatory syndrome associated with COVID-19 (Table 1) [5].

Treatment strategy of CSS

Inflammation itself is an important part of an effective immune
response. However, COVID-19 induces excessive response
that leads to lung and other organs injury. Therefore, effective
control of CSS depends on timely intervention with means of
immunomodulatory and cytokines antagonists. Such interven-
tion includes corticosteroids and interleukin antagonists such as
tocilizumab, which can both lead to early improvements, reduc-
ing fever, improving oxygenation and reducing lung infiltrates
volume [14]. General supportive measures such as fluids, oxy-
gen therapy and intravenous antibiotics should simultaneously
be used. Although there are a lot of similarities in the broader
characteristics of CSS, irrespective of the nature of the initial
causative insult, being infectious, autoimmune or iatrogenic,
significant differences still exist. These differences are undoubt-
edly contributing to the need of different therapies to cover the
landscape of this wide-ranging syndrome [11]. As much work as
has been done to propose specific features of COVID-19-related
hyperinflammatory syndrome [5], a lot of work is also looking
into the precise therapies for the different forms of such a diverse
syndrome. Such precise personalized therapies will require the
knowledge of the similarities and differences between the wide
range of conditions under the umbrella of CSS. Of equal im-
portance is identifying the individual trigger in each case and

understanding the single main effector cytokine leading to the
exaggerated and amplified immune response. A lot of studies
and investigations, in this area, are conducted with pace and en-
thusiasm leading to progress in understanding CSS. This will
hopefully ultimately lead to novel cytokine-blocking strategies
and hence precision therapy [11].

Conclusion

This case demonstrates that patients who show some clinical
or laboratory features of MAS, during their early course of the
disease, might drift at any stage into a delayed lethal form of
MAS. This emphasises the need for risk stratification of such
patients and hence arranging some form of follow-up to these
high-risk patients, which can be virtual. This will lead to early
recognition and accordingly taking the appropriate steps for
early effective management including readmission to the ap-
propriate health care facility.

Learning points

COVID-19 is a heterogeneous disease with a wide spectrum
of symptoms presentation. Some patients presenting with
subtle symptoms may still develop a fatal form of MAS, after
what is seemingly a good recovery. Effort should be made
for early identification of these high-risk patients before it
is too late.
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