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e Coronavirus disease 2019 (COVID-19) disease is accompanied by an array of hematologic alterations.

e Peripheral blood abnormalities are present in most COVID-19 patients but are heterogeneous. They
very often include neutrophilia, lymphopenia, myeloid left shift, abnormally segmented neutrophils,
atypical lymphocytes/plasmacytoid lymphocytes, and atypical monocytes.

e Bone marrow biopsies and aspirates may show left-shifted maturation, occasional erythroid
dysplasia, and evidence of hemophagocytic lymphohistiocytosis.

e Secondary lymphoid organs often show lost/hypoplastic germinal centers, altered lymphocyte com-
positions, sinus histiocytosisshemophagocytosis, and plasmacytoid proliferations.

ABSTRACT

vere acute respiratory syndrome coronavi-

rus 2 and is associated with pronounced
hematopathologic findings. Peripheral blood fea-
tures are heterogeneous and very often include
neutrophilia, lymphopenia, myeloid left shift,
abnormally segmented neutrophils, atypical lym-
phocytes/plasmacytoid lymphocytes, and atypical
monocytes. Bone marrow biopsies and aspirates
are often notable for histiocytosis and hemopha-
gocytosis, whereas secondary lymphoid organs
may exhibit lymphocyte depletion, pronounced
plasmacytoid infiltrates, and hemophagocytosis.
These changes are reflective of profound innate
and adaptive immune dysregulation, and ongoing
research efforts continue to identify clinically appli-
cable biomarkers of disease severity and
outcome.

c oronavirus disease 2019 is caused by se-

OVERVIEW

Individuals with coronavirus disease 2019
(COVID-19), the disease caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-
2), exhibit a range of pulmonary, cerebral,
myocardial, hepatic, and renal dysfunctions.
Large-scale autopsy studies have documented
multi-organ pathology findings'? with substan-
tial remodeling in lung epithelial, immune, and
stromal compartments and evidence of multiple
paths of failed tissue regeneration.®> SARS-CoV-
2 infection is also associated with pronounced
hematologic alterations. During acute infection,
peripheral blood abnormalities are present that
occur in a complex network of innate and adap-
tive immune dysregulation,* some of which can
serve as clinical biomarkers of disease severity
and outcome.®® Secondary lymphoid organs
often show Ilymphocyte depletion and
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occasionally hemophagocytosis.”-® Hemopha-
gocytic lymphohistiocytosis (HLH) is also com-
mon in bone marrow biopsies and
aspirates.®'" We herein review currently well-
established and clinically relevant hematopatho-
logic findings in patients with COVID-19 and
discuss their diagnostic and prognostic rele-
vance. Although COVID-19 is also associated
with  pronounced  hemostasis-/thrombosis-
related changes, a review of this comprehensive
topic is beyond the scope of this article and can
be found elsewhere.'?

PERIPHERAL BLOOD FEATURES

QUANTITATIVE CHANGES

Peripheral blood key features are summarized in
Box 1. Initial studies reported that complete
blood counts (CBCs) and white blood cell differ-
ential counts from patients admitted with COVID-
19 were notable for leukocytosis, absolute neu-
trophilia, and lymphopenia, especially in the
intensive care unit (ICU) compared with non-
ICU  patients.’™®  Early  meta-analyses
confirmed that lymphopenia is frequent in acute
COVID-19,'®"7 and that patients with severe
and fatal disease had significantly increased
white blood counts (WBCs) and absolute neutro-
phil counts (ANCs), decreased absolute lympho-
cyte counts (ALCs), platelet and eosinophil
counts, and decreased hemoglobin compared
with those with non-severe disease and survi-
vors.'” In subsequent single-institution studies,
lymphopenia, neutrophilia, and thrombocyto-
penia remained prominent features,’®2" while
eosinopenia and monocytosis occurred at highly
varying frequencies.'921

When directly compared with SARS-CoV-2
negative patients, WBCs in SARS-CoV-2-
positive patients varied widely but were generally
lower.22725 Similarly, lymphopenia was frequent,
and ALCs tended to be lower when compared
with SARS-CoV-2-negative patients, but often
failed to reach statistical significance.??72¢ Neu-
trophilia was frequent, and ANCs were not signif-
icantly different from negative patients in
some,??>2* but significantly lower in other
studies.?® In some studies, significantly lower
absolute eosinophil,>*2® basophil,?®> and mono-
cyte counts®®2% were present in positive pa-
tients. Hemoglobin values appeared to be
highly variable, and findings included anemia in
a proportion of SARS-CoV-2-positive pa-
tients,?2:2426.27 pyt also increased hemoglobin
in other populations.?32°

QUALITATIVE CHANGES

Qualitative (morphologic) changes affecting all cell
lineages are found in blood smears from up to
100% of patients with COVID-19 (see Box 1),
including circulating apoptotic cells.® One of the
most striking findings is dysgranulopoiesis (Fig. 1).
Neutrophils demonstrate a range of abnormal nu-
clear shapes, such as pseudo-Pelger—-Huét
morphology, nuclear hyposegmentation or hyper-
segmentation, and ring-shaped
nuclei.'8-2023.24.26-28 Apnormal granulation patterns
are frequent,18-20.22-24.2627.29 gayera| studies re-
ported apoptotic, pyknotic, disintegrating, or
smudged neutrophils,'8:21:2224.26 notentially reflect-
ing neutrophil extracellular traps (NET), enzymatic
webs released by activated neutrophils.®° In addi-
tion, left-shifted myeloid cells can be found, occa-
sionally with leukoerythroblastosis
(Fig. 2).18:22-2426.27.31 pronounced morphologic
changes are also present within the lymphoid lineage
(see Fig. 2), and several types of atypical and/or
enlarged lymphocytes have been
observed.®20:23.2426.27 Thege include plasmacytoid
lymphocytes, occasionally with bizarre-shaped
nuclei and pseudopods,?%23242627 |arge granular
lymphocytes (LGLs),2%?® atypical lymphocytes,?®
and lymphocytes with pronounced cytoplasmic vac-
uoles.??6 Some studies reported a small proportion
of circulating plasma cells or Mott cells.?%26 Vacuoli-
zation, including numerous large coalescing vacu-
oles, has been seen in monocytes (see
Fig. 2),232426 glong with blue-green cytoplasmic in-
clusions.?® Vacuolated eosinophils have been
noted,®?2 as well as increased large or giant plate-
lets, 18192122 occasionally with  pseudopodia
formations.™®

When directly compared with patients without
COVID-19, the most significant morphologic find-
ings included left-shifted myeloid cells, smudged
neutrophils, neutrophil vacuolation, pseudo-
Pelger-Huét anomaly, non-segmented and ring
neutrophils, atypical lymphocytes, plasma cells/
plasmacytic cells, pyknotic cells, and large/ giant
platelets (see Box 1).%%24

MORPHOLOGY SCORES

Several morphology scores have been developed.
Using abnormalities in granulocytes, lymphocytes,
monocytes, maturational left shift, and pyknotic
cells, with a scoring scale of zero to five, no patient
with COVID-19 had score zero, whereas 27%,
42%, and 26% had score one, two, and three,
respectively, with a score range of zero to two in
non-COVID-19 blood smears.?® Another study
scored WBC morphology using a four-point scale
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Box 1
Peripheral blood key features

Frequent quantitative
changes

WBC3

Neutrophils 1
Lymphocytes |
Eosinophils may be |
Basophils may be |
Monocytes may be |
Hemoglobin
Platelets 1

Frequent qualitative
changes

Atypical lymphocytes:

o

Plasmacytoid®

o Circulating plasma cells?

o

Large granular lymphocytes (LGLs)

o

Cytoplasmic vacuoles
Myeloid left shift + leukoerythroblastosis®

Smudged neutrophils?
Neutrophil vacuolation?

Abnormal neutrophil segmentation:
o Hyposegmentation or hypersegmentation?

o Pseudo-Pelger-Huét?

o Ring-shaped nuclei®

Abnormal neutrophil granulation, cytoplasmic inclusions:

o

Varying toxic granulation

o Hypogranularity

o Blue-green inclusions

o Howell-Jolly body-like inclusions

o Déhle bodies
Large or giant platelets®

Pyknotic cells®
Eosinophils with multiple vacuoles

Monocyte vacuolization

Association with severe
disease including
death

High WBC count

Increasing neutrophilia

o Higher number of left-shifted/immature granulocytes
o Ring-shaped neutrophils

o Significant toxic granulation

Continuing decline in ALC

o LGLs and reactive lymphocytes

Decline in absolute monocyte and eosinophil counts
o Monocyte vacuolization

Low platelet count

Neutrophil to lymphocyte ratio (NLR) 1

Platelet to neutrophil ratio (PNR)

? Most significant morphologic findings in COVID-19 patients when compared with patients without COVID-19.
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Fig. 1. Abnormal granulopoiesis in peripheral blood smears: (A-E) apoptotic/pyknotic, disintegrating, and
smudged neutrophils; (F-J) abnormally segmented nuclei, including (K-0) hypersegmentation, (P-T) pseudo-
Pelger-Huét morphology, and (U, V) ring forms. Abnormal granulation can feature (W-Y) toxic granules, cyto-
plasmic vacuolization, patchy hypogranularity, and (Z-BB) D6hle body-like inclusions or apparent nuclear frag-
ments. Abnormally granulated eosinophils (CC) and basophils (DD) can be seen.
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Fig. 2. Atypical lymphocytes and other COVID-19-related blood findings: (A, B) large granular lymphocytes; (C-
0) atypical lymphocytes can show a spectrum of features, with nuclear irregularities, variably coarse chro-
matin, deeply basophilic cytoplasm, occasionally with cytoplasmic blebs, granules or vacuolization; (K-O)
plasma cells or plasmacytoid forms can include irregular enlarged forms. (P-T) Monocytes can show coarser
granules or varying degrees of prominent coalescing vacuolization. (U-Y) Left-shifted myeloid cells and leu-
koerythroblastosis; (Z-AA) budding erythroid nucleus and mitotic figure, (BB) pyknotic cell, and (CC-DD) giant
platelets.
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Fig. 3. Bone marrow biopsy findings: H&E sections (A-C, from four different decedents) show varying cellularity
with frequent hypercellularity, maturing trilineage hematopoiesis with frequent myeloid left shift (A, B), and occa-
sional decreased M:E ratio (C). There may be pronounced dyserythropoiesis (C-inlay) and varying degrees of histio-
cytosis and hemophagocytosis that may not be readily appreciated on H&E sections but are unearthed with
immunohistochemistry for histiocytic markers (eg, CD163) (D, E). Autopsy cases kindly provided by Dr Olga

Pozdnyakova.

(0: absent; 1: present in <10% of cell lineage; 2:
present in 11% to 25%; 3: present in >25%).%°
When directly compared with negative ICU pa-
tients, positive patients showed significantly fewer
monocytes with abnormal vacuolization, whereas
the presence of atypical lymphocytes, especially
plasmacytoid forms, was more predictive of
COVID-19 infection.

ASSOCIATION WITH DISEASE SEVERITY AND
OUTCOME

Several parameters and ratios between blood
cells have been associated with disease severity
and outcome, including death?3-26:32-34 (see
Box 1). When applying the score by Gabr and col-
leagues, patients with higher scores had
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Box 2

Key features in spleen and lymph nodes

Spleen e White pulp atrophy or
depletion

e Absence of marginal zones

e Increased ratio of red: white

Defective germinal centers

pulp
. e Absence of TFH cells
e Lymphoplasmacytic
infiltrates e Altered lymphocyte subsets

e Immunoblast infiltrates Hemophagocytosis

Extramedullary
megakaryocytes

e Red pulp necrosis
e Red pulp congestion

e Hemorrhage
Lymph nodes e Lymphocyte depletion

e Absent or hypoplastic
germinal centers

e Sinus histiocytosis

e Increased immunoblasts and
plasmablasts

e Vascular congestion with
vascular transformation of
sinuses

e Hemorrhage

red-to-white pulp ratio, with areas of hemorrhage (A). On low magnification, lymph nodes show attenuation
of follicular architecture (B, left) and varying degrees of sinus histiocytosis (B, middle), with some cases also
showing prominent hemophagocytosis (B, right, highlighted by CD163).
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Fig. 5. Lymph node showing lymphocyte depletion and prominent polyclonal plasmacytosis with increased pro-
liferation in acute infection: (A, B) show an architecturally intact lymph node with patent subcapsular and
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generally unfavorable outcomes.?® Myeloid left
shift was associated with requiring ICU admis-
sion, whereas atypical lymphocytes and mono-
cytes with large coalescent cytoplasmic
vacuoles were associated with non-ICU patients
in one study.® In contrast, Gabr and colleagues
found significantly more atypical monocytes in
ICU patients,?® whereas Pezeshki and colleagues
did not identify any statistically significant associ-
ations between blood findings and clinical
course.?’ Importantly, several non-hematologic
factors (eg, age, gender), and other laboratory
parameters (including ferritin, C-reactive protein,
interleukin-6) are often associated with death,
and machine learning-based algorithms have
been employed for diagnosis and prediction of
care needs and outcome.®5-%7

BONE MARROW FEATURES

Examination of bone marrow aspirations and bi-
opsies from individuals with COVID-19 showed
varying cellularity (normocellular to hypercellular),
mostly maturing trilineage hematopoiesis with oc-
casional myeloid left shift, occasional dyserythro-
poiesis, increased pleomorphic megakaryocytes
with focal clustering, increased polyclonal plasma
cells, lymphocytosis, and varying degrees of histio-
cytosis and hemophagocytosis®'1%839 (Fig. 3).
The latter is an important finding as it provides his-
topathologic evidence of secondary development
of HLH, a life-threatening inflammatory syndrome
associated with significant mortality. Based on
these findings, it has been suggested to promptly
perform bone marrow aspiration and biopsy in
COVID-19 patients with suspected HLH to guide
appropriate treatment."’

SPLEEN AND LYMPH NODE FEATURES

ACUTE INFECTION

The key features are summarized in Box 2 and
Fig. 4. Several autopsy studies have described
splenic white pulp atrophy or depletion, absence
of marginal zones, increased red-to-white pulp ra-
tio, and hemophagocytosis in a subset of COVID-

d

19 decedents.”-® In addition, varying degrees of
lymphoplasmacytic infiltrates in the red pulp and
immunoblasts in the white pulp were noted. Other
occasional findings included extensive red pulp
necrosis, red pulp congestion, and frank
hemorrhage.*°

Similarly, lymphocyte depletion or absence of
germinal centers and hemophagocytosis (see
Fig. 4) are frequent in lymph nodes (approximately
20% of patients).® When present, germinal centers
may be hypoplastic, whereas sinus histiocytosis
and increased immunoblasts and plasmablasts
are frequently noted in sinuses and within the par-
acortex.”840 Other features may include vascular
congestion with vascular transformation of si-
nuses and hemorrhage.“® Immunohistochemistry
(IHC)-based studies further highlighted a defect
of germinal center structure, with T-follicular help-
er (TFH) cells and germinal center formation largely
absent in draining hilar lymph nodes, which corre-
lated with reduced Immunoglobulin M (IgM) and
Immunoglobulin G (IgG) levels compared with
convalescent COVID-19 patients.*' Another study
demonstrated decreased T lymphocytes in most
examined lymph nodes, with a disproportionate
decrease of CD8+ T cells, and relative preserva-
tion of B lymphocytes.*°

A comprehensive analysis of lymphoid architec-
ture and lymphocyte populations of thoracic lymph
nodes and spleens from patients with early and late
COQVID-19 revealed the absence of lymph node and
splenic germinal centers and depletion of Bcl-6-
expressing B cells, but the preservation of
activation-induced cytidine deaminase-positive B
cells.*? In addition, Bcl-6+ TFH-cell generation and
differentiation were defective, whereas abundant T-
helper 1 (TH1) cells and aberrant TNF-alpha produc-
tion were seen. Interestingly, extramedullary mega-
karyocytes and clusters of erythroid precursors
were noted in several studies,>**° and their role in
COVID-19-related hemostatic and thrombotic alter-
ations is an area of active research.

Fig. 5 highlights a lymph node showing lympho-
cyte depletion and prominent plasmacytosis with
an increased proliferation rate. Despite being poly-
clonal, plasma cells and plasmacytoid forms can

|

medullary sinuses, many with reactive histiocytosis. There are almost no apparent follicles and lymphocytes are
diminished, with the parenchyma (C, D) mostly replaced by a population of small to medium-sized plasma cells
and plasmacytoid forms with occasional markedly enlarged, hyperchromatic nuclei or binucleated forms, as well

as ones with more dispersed chromatin and prominent nucleoli. (E) CD3+ T cells and CD20+ B cells are markedly

reduced, with only rare CD21+ follicular dendritic cell meshworks. The plasma cell population shows dim-to-
negative CD138, uniform MUM/1 expression, and considerably increased Ki-67 proliferation (approximately
50%) but polytypic kappa and lambda light chain expression.
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Fig. 6. Kappa-predominant plasmacytoid proliferation in a p
stage IV diffuse large B-cell lymphoma developed new FDG-avid lymphadenopathy concerning recurrent lym-
phoma (note: case has previously been published,>> new images were taken for this publication with permission).




Hematopathology of SARS-CoV-2 and COVID-19

be markedly enlarged, include hyperchromatic and
binucleated forms, and show a plasmablast-like
immunophenotype (MUM1+, CD138 variable/
negative). These features can pose a diagnostic
challenge, especially in patients with pre-existing
hematologic conditions, and extensive ancillary
studies may be warranted to exclude a neoplastic
process (Fig. 6). Similarly, careful exclusion of anun-
derlying malignancy, or autoimmune or infectious
disease, is advised in the workup of mediastinal
lymphadenopathy, which has been noted in up to
66% of patients with COVID-19 and is frequently
associated with inferior outcomes.*>%4

COVID-19 POST-VACCINATION
LYMPHADENOPATHY

There is a growing body of evidence highlighting
the diagnostic dilemmas related to COVID-19
post-vaccination lymphadenopathy. This often af-
fects axillary lymph nodes at the ipsilateral injec-
tion site and occurs at an overall rate of 14%,
but varies widely in published cohort studies and
clinical trials.*> Although ultimately there is sponta-
neous resolution, the reported duration varies, and
lymphadenopathy post-COVID-19 vaccination
can persist for weeks*>% or even months.*” To
avoid unnecessary workup, especially in women
undergoing routine breast cancer screening and
patients with a pre-existing malignancy, recom-
mendations for imaging and imaging-based addi-
tional workup have been developed.”® In
individuals who underwent a biopsy for further
workup, cytologic smears and histologic sections
have generally shown reactive features with follic-
ular hyperplasia, prominent germinal centers, and
paracortical expansion®®" (Fig. 7). However,
rare cases of lymphoma have been described,
highlighting that malignancy should remain an
important differential diagnostic
consideration,52:53

ANCILLARY TESTING: FLOW CYTOMETRY

A plethora of cytometry-based studies has
explored COVID-19-associated immune-
subset alterations. Although currently not clinically
used, this has provided meaningful insights into

d

disease pathogenesis, severity, and outcome.>*
Flow cytometry testing has been employed in
various patient cohorts and settings, and the avail-
able knowledge continues to rapidly evolve. A
comprehensive and up-to-date review is, there-
fore, beyond the scope of this article.

DIFFERENTIAL DIAGNOSIS

The differential diagnosis of COVID-19 generally
includes infection with another pathogen, co-
infection, and other inflammatory conditions. The
findings of left-shifted myeloid lineage cells, leu-
koerythroblastosis, and enlarged platelets point
to early release of immature forms from the bone
marrow, reflecting a stress response that may be
seen in several infectious and inflammatory condi-
tions. Ultimately, microbiology and laboratory
studies are required for further workup.

Lymphadenopathy or splenomegaly in the
setting of COVID-19 infection, recovery, or
vaccination is likely a reactive feature. However,
underlying malignancy, autoimmune conditions,
or infectious (particularly viral) lymphadenopa-
thies cannot be completely excluded, and
clinical correlation and ancillary studies are
needed.

SUMMARY

The inflammatory response to COVID-19 infec-
tion is reflected in prominent hematopathologic
alterations. Peripheral blood findings are hetero-
geneous, but several alterations have emerged
as markers for disease severity and outcome.
Bone marrow biopsies and aspirates may show
varying degrees of histiocytosis and hemopha-
gocytosis, whereas myeloid left shift is frequent,
and erythroid dysplasia might be present.
Lymph node and spleen germinal centers are
often hypoplastic or absent, and lymphocyte
compositions may be altered. In addition, the
presence of plasmacytoid proliferations with
plasmablast-like  immunophenotypes  might
require extensive workup to exclude malig-
nancy. As knowledge continues to evolve,
more  specific  diagnostic or predictive

o

H&E sections (A, B) show an interfollicular expansion by numerous small lymphocytes, epithelioid histiocytes, and
focal sheets of plasmacytoid cells variably positive for PAX5 (C), positive for CD79a (D), negative for CD138 (E),
and positive for MUM1 (F) with marked excess kappa (G) light chain expression compared with lambda (H). How-

ever, molecular studies showed polyclonal immunoglobulin heavy chain gene (/GH) rearrangements, absence of
clonal aberrancies by cytogenetics, and lymphadenopathy resolved over time without evidence of lymphoma

recurrence.
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A

Fig. 7. Histologic and cytologic findings of COVID-19 vaccine-related lymphadenopathy: An individual in their
twenties suddenly developed axillary, cervical, and supraclavicular lymphadenopathy (up to 2 cm in greatest
dimension) 1 week after receiving the second mRNA COVID-19 vaccine in the deltoid muscle. H&E sections (A,
B) and IHC for CD3 (C), CD20 (D), CD10 (E), and Bcl-2 (F) of lymph nodes (ipsilateral to vaccine site) show marked




Hematopathology of SARS-CoV-2 and COVID-19

biomarkers that are amenable for clinical diag-
nostic testing will likely appear.

CLINICS CARE POINTS

Key points

e Peripheral blood abnormalities can be het-
erogeneous and dynamic, depending on the
disease course and disease severity (see
Box 1).

e Serial CBCs with comprehensive morphologic
analysis might predict the disease course and
clinical severity in newly-diagnosed hospital-
ized COVID-19 patients.

e A clinical suspicion of HLH may necessitate
bone marrow aspiration and biopsy in
COVID-19 patients, and IHC for histiocyte
markers may be helpful to visualize
hemophagocytosis.

e Secondary lymphatic organs may show pro-
nounced atypical features and must be distin-
guished from other viral lymphadenopathies

and malignancies.
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