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Abstract

Purpose The primary purpose of this study is to identify if there is an underlying genetic predisposition for COVID-related
macroglossia and if this susceptibility is higher among individuals of African heritage. Secondary objectives include deter-
mining if genetic testing of COVID-infected patients who are intubated and prone could identify patients with higher sus-
ceptibility to the development of macroglossia.

Methods A retrospective chart review was completed for each patient, and prospectively, genetic and histopathologic analy-
ses were completed. Whole-exome sequencing was completed on two patients; immunohistochemistry was completed on
the COVID-positive tissue samples.

Results Histopathology of the COVID-positive patient revealed significant peri-lymphocytic infiltrate, which was absent
in the COVID-negative patient. Immunohistochemistry confirmed the presence of immune cells. Results from the whole-
exome sequencing were inconclusive.

Conclusion The findings of this study are consistent with others that have observed a lymphocytic infiltrate in the organs of
patients infected with SARS-CoV-2. On histology, IHC highlighted a CD45 + predominance, indicating that a robust immune
response is present in the tissues. The pathobiology of this phenomenon and its role in the development and/or persistence
of massive macroglossia requires further study.
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Introduction

Macroglossia is defined as the protrusion of the tongue beyond
the teeth in a natural resting posture.! Acute macroglossia is a
rare medical complication and can range in severity; the exact
etiology is largely unknown. Proposed etiologies of acute mac-
roglossia include trauma and medication side effects, including
the use of ACE inhibitors, allergic reactions, pressure packing
of the oropharynx, oral surgery, and neurogenic causes.”'°
The initial, acute onset of macroglossia is hypothesized to be
a form of compartment syndrome in the tongue.!! Compres-
sion or obstruction of the lingual arteries, veins, and lymphatic
system leads to tongue edema. Mechanical compression dur-
ing intubation and anesthesia may lead to macroglossia via
compression of arteries and/or veins, particularly in lengthy
surgical cases or prolonged intubation.* %7+ 1 The number of
COVID-19 patients now being treated with prone positioning
has drastically increased.'> We hypothesize this will lead to an
increased number of macroglossia cases, particularly among
African American patients. At present, the authors are aware
of seven cases of COVID + patients who were intubated and
developed non-resolving massive macroglossia. Of the seven
patients, six are Black.

In COVID-positive patients, peri-vascular and peri-
lymphocytic infiltration may be a contributing factor to the
development and persistence of macroglossia. Inflammatory
cell infiltration with myocyte injury has been reported and is
associated with fatal COVID-19 infections.'® The presence of
inflammatory infiltrate on H&E staining in COVID-positive
patients is consistent with findings seen in the cardiac tissue
from previous reports. Another possible etiology of acute
macroglossia progressing to chronic massive macroglossia
refractory to non-surgical therapy may be prolonged intuba-
tion in the prone position in select individuals with a genetic
predisposition. Of the cases observed by this team, all patients
but one were African American; the other patient was Cau-
casian. Of the observed patients, two elected and consented
to participate in the study, limiting the analysis. One patient
was COVID positive and the other was COVID negative. The
role of the ACE2 receptor in both SARS-CoV2 infection and
hypertension indicates that prior use of ACE inhibitors may
also contribute to the development of angioedema. The pur-
pose of this study is to compare the histopathology of two
patients with massive macroglossia and attempt to identify a
potential underlying genetic predisposition for COVID-related
macroglossia in African American patients.
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Methods

This study was an investigator-initiated, combination
retrospective and prospective case series involving two
patients with a history of massive macroglossia. One
COVID-negative and one COVID-positive patient were
analyzed. Retrospectively, a chart review was completed
for each patient, and prospectively, genetic and histopatho-
logic analyses were completed. Both consented to have
their blood and saliva used for genomic analysis. Immu-
nohistochemistry (IHC) was performed on formalin-fixed
paraffin-embedded 3-pm sections using fully automated
systems (“Dako Omnis with Envision FLEX detection sys-
tem”; Agilent Technologies, CA, USA and “intelliPATH
with MACH detection”; Biocare Medical LLC, CA, USA)
and following pre-diluted ready-to-use antibodies: CD45
(clone 2B11+PD7/26, Agilent), CD3 (polyclonal, Agi-
lent), CD4 (clone 4B12, Agilent), CD8 (clone C8/144B,
Agilent), CD20cy (clone L26, Agilent), FoxP3 (clone
236A/E7, Biocare), and anti-human podoplanin (clone
D2-40, Agilent). Positive and negative controls were used
throughout. Clinical whole-exome sequencing was com-
pleted through a CLIA laboratory (Ambry Genetics, CA)
and analyzed through their clinical bioinformatics process,
as previously described.'* In addition, a filtered variant
list was generated for our review. The list consisted of
benign and inconclusive variants, as well as heterozygous
deleterious variants in autosomal recessive disorders. All
variants were reviewed for association with macroglossia
or a similar process, using the OMIM database (omim.
org). The variants were assessed for similarities between
the patients. The study was approved by the UTHealth
Institutional Review Board.

Results
Patients

Patient 1 (Fig. 1A) is a 46-year-old African American
male from Florida who was hospitalized for approximately
3 months due to COVID-19 infection-related complica-
tions. During his hospital stay, he was intubated and placed
on a ventilator in the prone position for 21 days. While
in the prone position, he developed severe macroglossia.
Although the patient recovered from the COVID-19 infec-
tion, the macroglossia resulted in both airway compromise
and decreased oral intake necessitating a tracheostomy
and percutaneous endoscopic gastrostomy (PEG) tube.
The patient was refractory to non-surgical treatment of
the macroglossia, including compression therapy. He was
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Fig. 1 A and B Clinical photos
of patient 1 and patient 2,
respectively. Both patients
demonstrate persistent, massive
macroglossia

then referred to the Oral and Maxillofacial (OMS) depart-
ment at the University of Texas Health Science Center at
Houston for surgical management.

Patient 2 (Fig. 1B) is a 48-year-old African American
female who was hospitalized following a cerebrovascular
accident. During her hospital stay, she required intubation
for 14 days. Extubation was complicated by angioedema and
macroglossia following the administration of an ACE inhibi-
tor. Due to airway compromise, the patient required a tra-
cheostomy and PEG placement. The patient’s macroglossia
was also refractory to conservative measures and was sub-
sequently referred to the OMS department at the University
of Texas Health Science Center at Houston.

Gross and histopathology findings

The gross evaluation showed a 9.2 x 7.1 X 2.5 cm hemi-glos-
sectomy specimen (patient 1) with focal white plaques on
its surface (Fig. 2A). Sectioning showed a homogeneous,
edematous, glistening cut surface with focal fibrosis without
distinct mass formation. Histologic sections showed mild
hyperkeratotic mucosal surface with no dysplasia. Submu-
cosal tissue was edematous with splaying of skeletal mus-
cle fibers, with focal fibrosis and hemosiderin-laden mac-
rophages, and moderate peri-vascular and peri-lymphatic
chronic inflammation composed primarily of small mature
lymphocytes, scattered plasma cells and mast cells, and few
eosinophils (Fig. 2B). The focal germinal center formation
was noted within the lymphoid aggregates. IHC panel was
performed which highlighted predominantly CD45 + lym-
phocytes (Fig. 2C), of which~85% were CD3 + T-cells
(Fig. 2D) and ~ 15% were CD20+ B-cells (Fig. 2E). Of

™ B, COVID-neg

the CD3 + T-lymphocytes, 90% were CD4 + helper T-cells
(CD4/CD3) (Fig. 2F) and 10% were CD8 + cytotoxic T-cells
(CD8/CD3) (Fig. 2G). Forkhead box P3 (FoxP3) stain
highlighted ~ 10% of lymphocytes were CD4 + -regulatory
T-cells of CD4 + T-helper cells in the lymphoid aggregates
(FoxP3/CD4) (Fig. 2H). D2-40 stain highlighted endothelial
cells of the lymphatic and vascular spaces within the lym-
phoid aggregates. Congo-red cytochemical stain was nega-
tive for amyloid deposition.

Genetic analysis

In both patients, whole-exome sequencing was negative for
pathogenic variants in genes clinically associated with mac-
roglossia. Patients 1 and 2 had 61 and 78 filtered variants;
respectively. Patient 1 had a heterozygous variant in /DUA
associated with Hurler syndrome, an autosomal recessive
disorder which can present with an enlarged tongue, along
with multi-system effects, not observed in the patient. The
variant was predicted tolerated and only one variant was
observed. Patient 2 had no variants associated with mac-
roglossia. The patients had variants in 4 common genes
(CCDC78, CUBN, G6PD, TTN) but the variants were not
associated with macroglossia or inflammatory infiltrate, and
all but one was predicted tolerated.

Discussion
The etiology of massive, persistent macroglossia is multi-

factorial and has multiple proposed etiologies. Macroglossia
has been noted to be caused by genetic disorders, trauma,
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Fig.2 A Gross examination
showed a 9.2x7.1X2.5 cm
hemi-glossectomy specimen
with focal white plaques and
hemorrhage on its dorsal sur-
face. B Low-power histologic
section show mild submucosa
edema with peri-lymphatic

and peri-vascular chronic
inflammation comprising of
predominantly of small mature
lymphocytes ((hematoxylin

and eosin, total magnification
(TM) x40), inset TM x 200); C
immunoshistochemical (IHC)
stain show CD45 +lymphocytes
in the lymphoid aggregates
(TM % 100), inset (TX x200); D
and E IHC stains show majority
(~85%) of the CD45 +lympho-
cytes are CD3 + T-cells (CD3,
D TM x 100, inset (TM x 200)
and ~ 15% of the CD45 +lym-
phocytes are CD20 + B-cells
(CD20, E TM x 100, inset

(TM % 200); F and G THC stains
show of the CD3 4+ T-lym-
phocytes, majority (90%)

of them are CD4 + T-helper
cells (CD4, F TM X 100, inset
(TM x200)) and 10% are

CDS8 + cytotoxic T-cells (CDS,
G TM x 100, inset (TM x200));
H FOXP3 IHC stain show of
the CD4 + T-helper cells, ~ 10%
cells are CD4 + -regulatory
T-cells in the lymphoid aggre-
gates (FOXP3, H TM x 100,
inset (TM x 200))

lymphedema, medication side effects, and/or other metabolic
derangements. This article presents two patients with simi-
lar clinical presentations of persistent massive macroglos-
sia after prolonged intubation in the prone position. Despite
their clinical similarities, these two cases demonstrated
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strikingly different histological features. One primary clini-
cal difference between patient 1 and patient 2 is infection
with SARS-CoV-2; the patient infected with SARS-CoV-2
had significant lymphocytic infiltrate on histology that was
not observed in the histology from the COVID-negative
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patient. These histological differences indicate that the
pathogenesis of this condition differs for each patient, with
a strong immune response secondary to COVID-19 infection
being an important factor in the pathogenesis of macroglos-
sia development and/or persistence for the COVID-positive
patient.

Infection with COVID-19 appears to be an inciting fac-
tor for inflammatory cell infiltrates. The results of the IHC
panel indicate that the SARS-CoV-2 virus may be causing
a significant immune reaction that generates a significant
T-cell response, as the panel highlighted a CD3 4 lym-
phocytic predominance in the tissues. This phenomenon
has also been seen in cardiac and renal tissues of patients
infected with COVID-19."%!5 In cardiac tissues, the pres-
ence of SARS-CoV-2 was associated with increased densi-
ties of lymphocytes and macrophages. These findings cor-
related clinically to the patient’s disease severity, cytokine
storm, and increased mortality. Additionally, the patients’
existing medical conditions did not contribute to the car-
diac inflammation, suggesting that the inflammation was
not pre-existing and was caused by the induced immune
response. The authors of these studies also found evidence
of the viral RNA in the liver and kidneys, indicating that the
virus has a multi-organ presence.'*!5 It was also noted that
patients that were previously taking immunosuppressants,
primarily glucocorticoids, had less severe myocarditis and
less myocardial inflammation as compared to those not on
immunosuppressant therapy. Glucocorticoids dampen the
immune response by suppressing T-cell function, which
would explain this finding in cardiac myocytes.'6.

The findings in the cardiac tissues are consistent with our
findings in the lingual tissues of the COVID-positive patient.
The IHC panel highlighted predominantly CD45 + lympho-
cytes, of which~85% were CD3 + T-cells and ~ 15% were
CD20 + B-cells. This indicates a strong immune response
secondary to the viral infection, which was absent in the
COVID-negative specimen. These differences indicate that
the pathogenesis of macroglossia in patients with COVID-19
infection may be propagated and/or sustained by induction
of a strong immune response and inflammation secondary
to viral infection. Further studies would be required to deter-
mine the pathogenesis of SARS-CoV-2 and its induction of
the immune response in tissues. While angioedema second-
ary to venous/lymphatic compression is likely a contributing
factor to macroglossia in the COVID-positive patient, the
presence of immune cells is a striking finding and may have
implications for prognosis as seen in other organ systems.

In the COVID-negative patient, vascular compression
from prolonged intubation in the prone position is the likely
etiology. Although rare, persistent massive macroglossia has
been observed in other patients that are COVID-negative
and remained intubated for prolonged periods of time.>
While this patient required surgical resection, conservative

management (i.e., use of compression dressings) resolves
less severe cases.!” At this time, clinical markers that may
indicate a successful response to conservative therapy have
yet to be determined. As observed in this study, genetic vari-
ants that may indicate a genetic predisposition to developing
macroglossia were not identified. More studies are needed
to determine which patient factors may indicate susceptibil-
ity for the development of massive, persistent macroglossia.
In conclusion, the findings of this study are consistent
with others that have observed a lymphocytic infiltrate in the
organs of patients infected with SARS-CoV-2. On histology,
IHC highlighted a CD45 + predominance, indicating that a
robust immune response is present in the tissues. The patho-
biology of this phenomenon and its role in the development
and/or persistence of massive macroglossia requires further
study. While pathological variants were not identified from
WES, the limited sample size does not rule out genetic pre-
disposition as a possible etiology for macroglossia.
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