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Clinical significance of blue-green neutrophil and monocyte
cytoplasmic inclusions in SARS-CoV-2 positive critically ill

patients

Identification of blue-green cytoplasmic inclusions in neu-
trophils and/or monocytes on peripheral blood smears is a
rare, and likely underreported, finding described in few
case reports and small case series studies in critically ill
patients with acute liver dysfunction and lactic acidosis." "'
As these inclusions are thought to herald poor prognosis
and death shortly after identification, they have been
referred to as ‘green crystals of death’ or ‘critical green
inclusions’.

The coronavirus disease 2019 (COVID-19) pandemic,
caused by the severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) has led to hundreds of thousands of deaths
worldwide as of May 2020. Though many patients have mild
symptoms, a subset develop severe pneumonia, acute respira-
tory distress syndrome (ARDS), multiorgan failure, and
death. Over one-third of patients with COVID-19 have ele-
vated serum alanine aminotransferase (ALT) or aspartate
aminotransferase (AST), however, it is unclear whether liver
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dysfunction is directly caused by viral infection, sequelae of
sepsis, or a complication of other comorbidities.'*"?

To better understand and manage COVID-19, it is imper-
ative that biological indicators associated with adverse out-
comes be identified. One such indicator that has been
described in approximately 80% of critically ill patients with
COVID-19 is lymphocytopenia.'* As a result, emerging
COVID-19-related studies emphasize lymphocyte counts, but
do not readily provide information on blood smears. One
group described COVID-19-related leukocyte morphologic
changes that could provide further insights into the inflam-
matory process associated with the disease; however it
remains unknown whether there are distinct morphologic
changes that can aid in identifying patients at risk of poor
outcomes.'” Given the liver dysfunction and leukocyte mor-
phologic changes associated with SARS-CoV-2 infection,
blue-green inclusions may be underreported in this popula-
tion and may correlate with short-term mortality.
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Table I. Patient demographics and laboratory data at detection of blue-green cytoplasmic inclusions.

Days from COVID-19 Days from

Inclusion  diagnosis to inclusion
Case Age Sex type inclusions to death Neutrophils Lymphocytes Monocytes Lactic acid AST ~ ALT LDH
1 78 F N/Mo 13 1 389 0-8 0-9 20 >6000 3634 933
2 89 F Mo 0 3 14-6 1-8 15 49 1081 1203 1252
3 46 M N 6 10 45-1 0-5 27 5-8 >6000 1699 3245
4 46 M N 9 1 9-8 2:5 11 5-37 >6000 2077 1007
5 58 M N 20 1 10-6 0-6 0-3 20 3583 1471 913
6 69 M N 16 1 30-5 2:5 11 1.97 3397 2369 2014

F, female; M, male; N, inclusions in neutrophils; N/Mo, inclusions in neutrophils and monocytes; Mo, inclusions in monocytes; AST, aspartate
aminotransferase; ALT, alanine aminotransferase; LDH, lactate dehydrogenase. Reference intervals: neutrophils (1-8-7-0 x 10°/1); lymphocytes
(1-0-4-8 x 10°/1); monocytes (0-2-0-9 x 10°/1); lactic acid (0-5-1-6 mmol/l); AST (<34 U/l); ALT (10-49 U/1); LDH (118-230 U/I).

Here we describe six critically ill patients diagnosed with first reported cases describing blue-green leukocyte inclusions
SARS-CoV-2 infection during the COVID-19 pandemic in in patients with COVID-19.
New York City who all died within days of these peculiar Within 21 days, six patients who tested positive for SARS-
blood smear findings. To our knowledge, these represent the CoV-2 by real-time polymerase chain reaction (PCR) from a
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Fig 1. Blue-green cytoplasmic inclusions in peripheral blood (Wright-Giemsa) at initial detection, post mortem liver stains, and laboratory data
trends. Case 1: (A) neutrophil with green inclusions and toxic changes; (B) neutrophil with blue and green inclusions; (C) monocyte with green
inclusions. Case 2: (D) monocyte with blue-green inclusions with adjacent metamyelocyte and neutrophil. Case 3: (E) neutrophil with dark green
inclusions. Case 4: (F) neutrophil with blue-green inclusion and toxic changes. Case 5: (G) neutrophil with green inclusion. Case 6: (H) neu-
trophil with green inclusions and toxic changes; (I) haematoxylin and eosin stained post mortem hepatocytes with yellow-brown intracellular pig-
ment (arrowhead); (J) Giemsa-stained post mortem hepatocytes with green, granular intracytoplasmic staining (all images photographed at 1000x
magnification). (K) Aspartate aminotransferase (AST) (ref. <34 U/l), alanine aminotransferase (ALT) (ref. 10-49 U/1); (L) lactic acid (ref. 0-5—
1-6 mmol/l); (M) lactate dehydrogenase (LDH) (ref. 118-230 U/), trends relative to inclusion detection (day 0). Shaded areas represent reference
intervals.
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nasopharyngeal swab specimen at presentation were found to
have blue-green leukocyte inclusions on routine peripheral
blood smears. Common comorbidities included hypertension
and hyperlipidemia, while two (Cases 1 and 2) had end stage
renal disease secondary to diabetes mellitus. All six presented
with fever and dyspnoea, while Cases 2 and 3 also presented
with acute liver disease. Case 2 had a recent admission for
methicillin-resistant Staphylococcus aureus bacteraemia from
presumed prosthetic valve endocarditis that was treated with
vancomycin and rifampin. She was readmitted for acute liver
failure and hepatic encephalopathy from presumed drug-in-
duced liver injury, secondary to rifampin. Case 3 had jaun-
dice at presentation and was found to have cholangitis and a
liver abscess, requiring biliary sphincterotomy, stent, and
drain placement six days prior to inclusion detection. Five of
six showed bilateral multifocal pneumonia on imaging stud-
ies. All six patients developed acute kidney injury, requiring
renal replacement therapy in Cases 2—4. All six patients
required intubation for acute hypoxic respiratory failure, and
developed leukocytosis, and markedly elevated D-dimer,
though blood cultures were negative in all cases.

Blue-green inclusions were identified up to 20 days after
initial COVID-19 testing and correlated with significant acute
elevations in transaminases, lactic acid and lactate dehydro-
genase (Table I). Inclusions in Case 1 were identified at the
time of manual differential review and reported, while inclu-
sions in Cases 2—6 were not identified by automated differen-
tial assessment but found retrospectively when correlating
cases with acute transaminase elevations. In Case 1, inclu-
sions were present in 5% of neutrophils and 1% of mono-
cytes, while inclusions were rare (<1%) in the remaining
cases. Inclusions varied from blue to dark green and varied
considerably in size and shape (Fig 1). In Case 2, inclusions
were present in monocytes only. In Cases 3-6, inclusions
were present only in neutrophils. Toxic changes in neu-
trophils and circulating nucleated red blood cells, metamye-
locytes, and myelocytes were seen in all cases.

Five of six patients had lymphocytopenia early in their dis-
ease course, but normalized following inclusion detection.
Four patients died within 48 hours of inclusion identification,
while two died within 10 days. Blood smears from five addi-
tional SARS-CoV-2 positive patients, who survived, were
reviewed at the time of acute elevations in AST (range 553—
6000 U/1) and did not show evidence of blue-green inclusions.

Autopsies were performed in Cases 4-6, revealing mark-
edly heavy lungs with histologic evidence of diffuse alveolar
damage with hyaline membranes. Histologic sections from all
three livers showed centrilobular necrosis, consistent with
ischaemic shock. Scattered yellow-brown pigment consistent
with lipofuscin was identified on hematoxylin and eosin
(H&E)-stained sections. Hepatic lipofuscin in all three cases
showed green, granular, cytoplasmic staining within hepato-
cytes with Giemsa stains, and were morphologically similar
to the leukocyte inclusions (Fig 1). These findings are
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consistent with previously reported autopsy findings, suggest-
ing that inclusions may be derived from lipid-rich lipofuscin
released from necrotic hepatocytes.”®*

Most prior reports describe blue-green leukocyte inclu-
sions in critically ill patients with liver injury associated with
acute elevations in AST in 93%, ALT in 87%, and lactate in
77% at inclusion detection, and short-term mortality in 60%
(median: three days; range 1-599 days).' !

All six of our cases presented with inclusions within a 21-
day interval. Short-term mortality was 100% (median: one
day; range 1-10 days) and associated with significant acute
elevations in transaminases, lactic acid, and LDH in all cases
at the time of inclusion detection, 0-20 days after initial
COVID-19 testing (Table I). Laboratories with ‘increased
awareness’ for blue-green inclusion detection have shown
detection rates of 1-1 cases/month.® This suggests blue-green
inclusions in hospitalized patients with COVID-19 may be
more frequent compared to the occurrence in other critically
ill patients, given the relatively short interval of this study.

Reporting the presence of blue-green inclusions, particu-
larly in those associated with markedly elevated transami-
nases and lactic acid, should be considered to possibly aid in
identifying patients at greater risk of short-term mortality in
the setting of COVID-19. However, more studies are neces-
sary to determine the incidence of these inclusions in this
population.
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Is molecular mimicry the culprit in the autoimmune haemolytic
anaemia affecting patients with COVID-19?

The British Journal of Haematology recently published two
papers describing autoimmune haemolytic anaemia (ATHA)
associated with severe acute respiratory syndrome coron-
avirus 2 (SARS-CoV-2) infection."”” ATHA is characterised by
the destruction of red cells by autoantibodies, but the mecha-
nism underpinning autoimmunity in patients with coron-
avirus disease 2019 (COVID-19) has yet to be elucidated.

We recently postulated that molecular mimicry could be
at the basis of the most severe complications observed in
SARS-CoV-2-induced disease (COVID-19).>* For example,
antibodies elicited against viral proteins could very well
cross-react with vascular endothelial proteins if they shared
antigenic epitopes. This would trigger extensive vasculitis fol-
lowed by thrombosis and widespread intravascular coagula-
tion with multi-organ failure.?

Here, we would like to posit the hypothesis that molecular
mimicry is also a determinant factor in AIHA in patients
with COVID-19, with Ankyrin 1 (ANK-1) and the viral pro-
tein Spike being the central players.

ANK-1 is an erythrocyte membrane protein that is
important for red cell differentiation and function, provid-
ing the primary connection between the membrane skeleton
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and the plasma membrane.® It is defective in patients with
hereditary spherocytosis, a common cause of haemolytic
anaemia.’

We found that ANK-1 shares a putative immunogenic-
antigenic epitope (amino acids LLLQY) with 100% identity
with the SARS-CoV-2 surface glycoprotein named Spike
protein (Table I). We established that this epitope is part of
the Spike’s predicted immunogenic epitope  750-
SNLLLQYGSFCTQL-763 for B cells by using the immune
epitope database and analysis resource [Immune Epitope
Database (IEDB), https://www.iedb.org/]. This database con-
tains experimentally validated epitopes and tools to predict
epitopes recognisable be T and B cells and is used also in the
design of vaccines.”

With this Letter, we would like to call the attention of the
scientific community to the structural similarity between
ANK-1 and the viral protein Spike. We hope it will prompt
further research aiming at determining if the potential
immunological cross-reactivity between ANK-1 and Spike
contributes to the pathogenesis of AIHA in patients with
COVID-19. Information on this topic may open new avenues
toward designing efficacious therapies.
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