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ABSTRACT

Objectives: Coronavirus disease 19 (COVID-19),

caused by severe acute respiratory syndrome coronavirus

2 (SARS-CoV-2), is associated with diverse clinical,
including hematologic, abnormalities. We describe
peripheral blood and bone marrow findings in deceased and
living patients with COVID-19.

Methods: We examined bone marrows from 20 autopsies
and 2 living patients with COVID-19 using H&E-
stained slides and immunohistochemical stains. Clinical
history and laboratory values were reviewed. HScore

was calculated to estimate risk of hemophagocytic
lymphohistocytosis (HLH ).

Results: The deceased patients included 12 men
and 8 women (aged 32 to >89 years; median,

63 years). Hematologic abnormalities included
frequent neutrophilic leukocytosis, lymphopenia,
anemia, and thrombocytopenia; one patient showed
striking erythrocytosis. The bone marrows were

all normocellular to hypercellular, most showing
maturing trilineage hematopoiesis with myeloid
left shift. In all 19 evaluable bone marrows,
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Key Points

e We noted a high incidence of hemophagocytosis in the bone marrow
from patients with coronavirus disease 2019 (COVID-19) who underwent
autopsy (100% of 19 evaluable marrows).

e Common hematologic abnormalities in patients with fatal COVID-19
included neutrophilic leukocytosis, lymphopenia, and anemia.

e Qur findings provide histopathologic data to support secondary
hemophagocytic lymphohistiocytosis as one of the manifestations of
COVID-19.

hemophagocytic histiocytes were identified. The
HScore for secondary HLH ranged from 35 to 269
(median, 125; >169 in 5 patients). Coinfections were
identified in 6 patients. In 2 living patients, bone
marrow showed maturing trilineage hematopoiesis,
including one showing few hemophagocytic
histiocytes.

Conclusions: Peripheral blood from deceased patients with
COVID-19 frequently showed neutrophilic leukocytosis,
lymphopenia, and, rarely, secondary polycythemia;
hemophagocytosis was common in their bone marrow.
Consistent with other studies, we provide histopathologic
evidence of secondary HLH development in patients with
COVID-19.
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Severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), the agent that causes coronavirus disease
2019 (COVID-19), represents a severe and ongoing threat to
public health worldwide." Much focus on COVID-19, both
clinically and histopathologically, has centered on patients
with acute respiratory failure and corresponding diffuse alve-
olar damage of their lungs.>® Although there is still much to
learn regarding the pulmonary consequences of COVID-19,
comparatively little is known about the effects of COVID-19
on other tissues. Several studies have described findings in
the peripheral blood and/or bone marrow, but the spectrum
of hematologic findings remains to be defined.*’

Immune dysfunction has been implicated in the
morbidity and mortality of affected patients.*’ Recent
studies discussing the hyperinflammatory state of pa-
tients who test positive for COVID-19 have noted an
overproduction of cytokines, which may correlate
with secondary hemophagocytic lymphohistiocytosis
(HLH).*” Understanding changes in the bone marrow
of affected individuals is of particular importance given
these clinical concerns about HLH. In this report, we de-
scribe the hematologic and histopathologic findings in the
bone marrow of 20 patients who died of COVID-19 and
in 2 living patients infected by SARS-CoV-2. A striking
finding at autopsy was the frequent presence of marrow
hemophagocytosis.

Materials and Methods

This study was approved by our hospital’s institu-
tional review board. This is a single-center retrospective
study of 22 patients who tested positive for COVID-19
at our institution from March to July 2020 who had
bone marrow available for histopathologic examina-
tion. The bone marrows from 2 surgical specimens and
the first 20 consecutive autopsies of patients positive for
COVID-19 from March to April 2020 were evaluated.
Nasopharyngeal swabs were taken premortem during
hospitalization or postmortem in the case of deaths that
occurred outside our institution and were analyzed using
real-time reverse transcription polymerase chain reaction.
Normal values used for hematologic parameters were as
established at our institution: WBC count, 4.5 to 11 %
10°/L; hemoglobin, 13.5 to 17.5 g/dL; hematocrit, 41 to
53 L/L; platelets, 150 to 400 x 10°/L; absolute neutrophil
count (ANC), 1.8 to 7.7 x 10°/L; and absolute lympho-
cyte count (ALC), 1 to 4.8 x 10°/L. Postmortem examina-
tion was performed on 20 patients; the bone marrow was
obtained from rib squeeze.'*"

For purposes of comparison, we collected the bone
marrow at the time of autopsy from 10 patients who
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tested negative for COVID-19; the bone marrow was
obtained from rib squeeze. The autopsy cases were per-
formed by the same prosecutor during a 2-week period.
All 10 patients tested negative for COVID-19 premortem
at least once within the 2 weeks before death, and 7 of
the 10 patients tested negative for COVID-19 twice within
the 2 weeks before death. The patients were selected solely
based on their negative COVID-19 status with no addi-
tional clinical information provided to the reviewer at the
time of histologic review.

Additional bone marrow samples from 2 living pa-
tients who tested positive for COVID-19, obtained
during clinical care, were also examined, one from a
below-the-knee amputation and one from the sternum
during treatment of a pericardial effusion. The formalin-
fixed paraffin-embedded tissues were sectioned in 5 pm
onto glass slides and stained using H&E. The bone
marrow was evaluated for overall cellularity; myeloid-
to-erythroid ratio; overall appearance of myeloid cells,
erythroid cells, and megakaryocytes; presence and ex-
tent of hemophagocytosis; and any additional find-
ings such as the presence of lymphoid aggregates.
Immunohistochemical staining for CD68 was performed
to highlight the macrophages. Selected cases were evalu-
ated with antibodies to E-cadherin, CD71, glycophorin,
myeloperoxidase, CD61, CD20, CD3, CD5, LEF1, and
cyclin D1 to highlight hematologic elements ITable 10. The
patients’ electronic medical records were retrospectively
reviewed, and demographic information, laboratory data,
clinical presentation, hospital course, and comorbidities
were documented. We assessed the patients’ risk for sec-
ondary HLH by calculating their HScore, which provides
numerical point values for each of the following 9 vari-
ables: (1) known immunosuppression, (2) high temper-
ature, and (3) organomegaly; laboratory values for (4)
triglycerides, (5) ferritin, (6) serum glutamic oxaloacetic
transaminase, and (7) fibrinogen; (8) cytopenia(s); and (9)
the histologic presence of hemophagocytosis in the bone

ITable 10
Antibody Clones Used for Immunohistochemical Stains

Antigen Vendor, Dilution, Clone
CD68 Biocare, RTU, clone KP1
E-cadherin Leica, RTU, clone 36B5
CD71 Bio SB, RTU, clone 10F11
Glycophorin Dako, 1:500, clone Ref40f
MPO Leica, RTU, clone 59A5
CD61 Leica, RTU, clone 2f2
CD20 Leica, 1:100, clone L26
CD3 Leica, RTU, clone LN10
CD5 Leica, RTU, clone 4C7
LEF1 Bio SB, RTU, clone ep310
Cyclin D1 Leica, RTU, clone ep12

RTU, ready to use.
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marrow.'> We used an HScore of greater than or equal to
169 as our cutoff value, which corresponds to sensitivity
of 93% and specificity of 86% for the diagnosis of HLH."
Statistical analysis including 2-tailed paired ¢ tests and the
Fisher exact test was performed using GraphPad Prism
version 5.02 (GraphPad Software), with significance de-
fined as P < .05.

Results

Peripheral blood and bone marrow from the first 20
consecutive patients who tested positive for COVID-19
and underwent postmortem examination were evaluated.
There were 12 men and 8 women, with an age range of 32
to more than 89 years (median, 63 years). There were 11
White non-Hispanic patients, 8 Hispanic patients, and 1
Black non-Hispanic patient. The cohort showed the fol-
lowing comorbidities: 80% with hypertension, 50% with
diabetes, 25% with asthma, and 15% with immunosup-
pression (renal transplant, methotrexate use for psoriasis,
and chronic prednisone use for sarcoidosis). The body
mass index (BMI) ranged from 19.8 to 69.3 (median,
32.7); 14 (70%) of 20 patients were obese (with BMI >30).
Six of 20 patients were former smokers, whereas the other
14 were never smokers; there were no current smokers
in the cohort. One patient had chronic lymphocytic leu-
kemia (CLL) ETable 20. All 20 patients were admitted with
hypoxemic respiratory failure and/or fever, accompanied
by altered mental status in 15 cases and clinical findings

ITable 20

Clinical Data for 20 Autopsied Patients Who Tested Positive for
COVID-19

Characteristic Result
Age, range, median, y 32 to >89, 63
Male, No. (%) 12 (60)
Female, No. (%) 8 (40)
Ethnicity, No. (%)
White, non-Hispanic 11 (55)
Hispanic 8 (40)
Black 1(5)
Comorbidities, No. (%)
Hypertension 16 (80)
Diabetes mellitus, type 2 10 (50)
BMI, range (median) 19.8-69.3 (32.7)°
Asthma 5 (25)
Immunosuppression 3(15)°
Malignancy 3 (15)°
Other 4 (20)

BMI, body mass index.

*70% obese (BMI > 30).

"Methotrexate for psoriasis, 1 patient; renal transplant, 1 patient; chronic predni-
sone for sarcoidosis, 1 patient.

“Metastatic urothelial carcinoma, 1 patient; metastatic ovarian serous carcinoma,
1 patient; chronic lymphocytic leukemia, 1 patient.

dLatent tuberculosis, 1 patient; chronic kidney disease, 3 patients.
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of meningo-encephalitis including seizures in 1 case.
Three patients died at outside facilities, with details of
their presentation not available. Duration of hospitaliza-
tion before death ranged from less than 1 day to 15 days.
The principal cause of death in all 17 in-house cases was
hypoxemic respiratory failure. Three patients died at out-
side facilities and were transferred following death to our
institution for autopsy; although cause of death was not
provided, the autopsy findings in these 3 patients were all
consistent with respiratory failure.

Complete blood counts (CBC) were obtained during
hospitalization in 17 patients with autopsy NTable 3N
Their hematologic abnormalities are summarized in
IFigure 10 and included leukocytosis in 5 patients on ad-
mission (WBC count, 15.8-24.4 x 10°/L; median, 20.1 x
10°/L) and in 15 patients on their last CBC (WBC count,
11.6-57.4 x 10°/L; median, 19.0 x 10°/L), elevated neu-
trophils in 7 patients on admission (ANC, 8.66-18.03 X
10°/L; median, 15.1 x 10°/L) and in 12 patients on their
last CBC (ANC, 10.11-42.5 x 10°/L; median, 15.5 x
10°/L), lymphopenia in 11 patients on admission (ALC,
0.09-0.97 x 10°/L; median, 0.65 x 10°/L) and in 5 pa-
tients on their last CBC (ALC, 0.58-0.79 x 10°/L; me-
dian, 0.63 x 10°/L), anemia in 6 patients on admission
(hematocrit, 32.7-39.8 L/L; median, 38.0 L/L) and in 13
patients on their last CBC (hematocrit, 28.2-38.7 L/L;
median, 34.9 L/L), and thrombocytopenia in 6 patients
on admission (platelets, 71-149 X 10°/L; median, 127 X
10°/L) and in 4 patients on their last CBC (platelets,
67-147 x 10°/L; median, 110 x 10°/L). One patient had
leukopenia and neutropenia on admission (WBC count,
3.3 x 10°/L; ANC, 1.7 x 10°/L); no patient had leuko-
penia or neutropenia on their last CBC. One patient
had thrombocytosis (platelets, 472 x 10°/L) on admis-
sion, and another had thrombocytosis (platelets, 520 X
10°/L) in the last CBC. A two-tailed paired t-test com-
parison of the patients’ first and last CBCs revealed
that there was a statistically significant increase in WBC
count (mean, 10.21 % 10°/L; 95% confidence interval
[CT], 3.85-16.57 X 10°/L; P =.0036) and ANC (mean,
8.77 X 10°/L; 95% CI, 3.26-14.28 x 10°/L; P = .0042)
and significant reduction in hematocrit (mean, 5.59 L/L;
95% CI, 2.75-8.43 L/L; P = .0007).

The patient with a history of CLL had an absolute
lymphocytosis consistent with persistent CLL. One pa-
tient had erythrocytosis (admission hemoglobin/he-
matocrit, 20.3 g/dL/64.1 L/L) as well as a neutrophilic
leukocytosis and died less than 24 hours after admis-
sion, with the last CBC showing hemoglobin/hemato-
crit of 21.2 g/dL/66.1 L/L; erythropoietin was elevated at
45.5. CBC had been normal 4 months before admission.
During hospitalization, the patient’s physical examination
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BFigure 10 Hematologic data on admission and last CBC before death for the 17 patients with in-house autopsy. Gray bar
demonstrates normal range for WBC count (P = .0036) (A), absolute neutrophil count (ANC; P=.0042) (B), absolute lympho-
cyte count (ALC) (C), absolute monocyte count (AMC) (D), hematocrit (P=.0007) (E), and platelets (F).

noted moist mucous membranes, and no concerns for de-
hydration were noted. Five patients had giant platelets on
peripheral smear. Plasma cells were identified on the pe-
ripheral smears for 2 patients.

Six patients had bacterial or fungal coinfections
during their hospitalization: Klebsiella pneumoniae pneu-
monia, Staphylococcus aureus pneumonia, Staphylococcus
capitis bacteremia, Enterococcus faecalis bacteremia,
Escherichia coli urinary tract infection, and cutaneous
Candida albicans infection. In addition to positive bacte-
rial or fungal cultures (respiratory and blood cultures for
the bacterial infections and wound cultures for the fungal
infection), all 6 patients were clinically diagnosed with
either a bacterial or fungal coinfection. Among these
6 patients, hematologic abnormalities (summarized in
IFigure 20) included leukocytosis in 1 patient on admission
(WBC count, 4.66-15.80 x 10°/L; median, 7.67 x 10°/L)
and in all 6 patients on their last CBC (WBC count, 11.55-
18.96 x 10°/L; median, 16.31 x 10°/L), elevated neutro-
philsin 1 patient on admission (ANC, 3.85-15.10 x 10°/L;
median, 6.32 x 10°/L) and in 4 patients on their last
CBC (ANC, 3.85-15.68 x 10°/L; median, 14.47 x 10°/L),

© American Society for Clinical Pathology

lymphopenia in all 6 patients on admission (ALC, 0.48-
0.93 x 10°/L; median, 0.61 x 10°/L) and in 2 patients
on their last CBC (ALC, 0.58-3.34 x 10°/L; median,
1.2 X 10°/L), thrombocytopenia in 3 patients on admis-
sion (platelets, 71-472 x 10°/L; median, 137 x 10°/L) and
in 4 patients on their last CBC (platelets, 33-240 x 10°/L;
median, 138 x 10°/L). Of the 5 patients with leukocy-
tosis on admission, 1 patient belonged to the cohort of
coinfected patients, whereas the other 4 patients did not
have a known coinfection. The 15 patients with leuko-
cytosis on their last CBC included all 6 patients with
coinfection and 9 patients without known coinfection. Of
the 7 patients with elevated neutrophils on admission, 1
had a known coinfection and 6 did not. Of the 12 patients
with elevated neutrophils on their last CBC, 4 had known
coinfections and 8 did not. The patient with the highest
ANC (34.1 x 10°/L) did not have known coinfection. On
admission, 11 patients had lymphopenia, which included
all 6 patients with coinfection and 5 patients without.
On their last CBC, the 5 patients with lymphopenia in-
cluded 2 with coinfection and 3 without. Finally, the 6
patients with thrombocytopenia on admission included
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IFigure 20 Hematologic data on admission and last CBC before death for the 6 patients with in-house autopsy and
coinfections. Gray bar demonstrates normal range for WBC count (P=.0107) (A), absolute neutrophil count (ANC) (B), abso-
lute lymphocyte count (ALC) (C), absolute monocyte count (AMC) (D), hematocrit (P=.0312) (E), and platelets (F).

3 with coinfection and 3 without, whereas the 5 patients
with thrombocytopenia on their last CBC included 3
with coinfection and 2 without. Among the cohort with
coinfections, between the first and last CBCs, there
was a statistically significant increase in WBC count
(7.04 x 10°/L [95% CI, 2.48-11.61 x 10°/L], P =.0107)
and reduction in hematocrit (7.08 L/L [95% CI, 0.95-
13.21 L/L], P = .0312).

Postmortem histologic examination of the bone
marrow revealed normocellular marrow in 8 patients and
hypercellular marrow in 12 patients EFigure 30. There was
complete maturation of myeloid elements, often with a left
shift in 13 patients, left-shifted myelopoiesis with a paucity
of fully mature elements in 6 patients, and myeloid elem-
ents that appeared too sparse to evaluate for maturation
in 1 patient. The myeloid-to-erythroid ratio was increased
in 11 patients, decreased in 1 patient, and within normal
limits in 8 patients. The marrow of 1 patient appeared ne-
crotic, precluding further evaluation. Megakaryocytes
were increased in 3 patients, decreased in 3 patients, and ap-
peared to be present in adequate numbers in the remaining

6 Am J Clin Pathol 2020;XX:1-11
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cases. The patient with erythrocytosis had a hypercellular
marrow (60%) with an apparently normal myeloid-to-
erythroid ratio. One patient had lymphoid aggregates with
the immunophenotype of CLL (CD20+, CD5+, LEF1+,
cyclin D1-) but no peripheral blood lymphocytosis, likely
representing monoclonal B lymphocytosis. The patient
with CLL had scattered clusters of lymphocytes composed
of CD20+ B cells and fewer CD3+ T cells. In general,
patients with higher WBC count and ANC in their last
CBCs had higher marrow cellularity. Hemophagocytosis,
ranging from rare to many scattered cells, was identified
histologically on H&E and/or CD68 immunohistochemical
stains for all 19 evaluable patients.

In all cases, the hemophagocytic histiocytes were
scattered in a background of hematopoietic elements.
The hemophagocytic histiocytes did not form aggregates
or replace zones of the marrow. The scattered histiocytes
primarily demonstrated engulfed erythrocytes and occa-
sional engulfed leukocytes (Figure 3).

Among the 20 patients, 17 had data for at least 4 of
the 9 established criteria for HScore calculation. HScore

© American Society for Clinical Pathology
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IFigure 30 A, Low power shows bone marrow that is hypercellular for age. B, Higher power shows trilineage hematopoiesis
with maturing myeloid and erythroid elements, with a leftward shift in myeloid maturation. A large histiocyte with phagocy-
tosis of multiple RBCs is seen at the center of the image (C, oil immersion). An immunostain for CD68 (D) shows scattered
hemophagocytic histiocytes (arrows); the inset shows 1 hemophagocytic histiocyte with engulfed leukocytes (oil immersion).

ranged from 0 to 269 (median, 118). For patients with
data for at least 7 of the 9 criteria, the median HScore
was 125 (Table 3). Five patients had an HScore higher
than 169.

Bone marrow of the 10 deceased patients who tested
negative for COVID-19 was examined. The cohort con-
sisted of 6 men and 4 women, with an age range of 48
to 84 years (median, 66 years). There were 7 White non-
Hispanic patients and 3 Hispanic patients. The cohort
showed the following comorbidities: 60% with hyper-
tension, 40% with diabetes, 10% with asthma, and 10%
with immunosuppression (renal transplant). The BMIs
ranged from 19.0 to 31.6 (median, 26.3); 1 of the 10

© American Society for Clinical Pathology

patients was obese. The causes of death included infec-
tion in 40%, malignancy in 20%, cerebrovascular accident
in 20%, cardiac arrythmia in 10%, and cardiogenic shock
in 10%. Examination of the bone marrow revealed 3 in-
stances of hemophagocytosis. Hemophagocytosis was
identified in the bone marrow of a patient who died of
cardiogenic shock following a protracted course in the
intensive care unit (ICU) after open-heart surgery. In ad-
dition to hemophagocytosis, this patient’s bone marrow
showed extensive hemorrhage. Rare hemophagocytosis
was identified in a patient who died of multifocal cere-
bral infarction secondary to emboli following a recent
coronary artery bypass grafting surgery. The third patient
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with identified hemophagocytosis died of a hemorrhagic
cerebrovascular accident; however, review of the patient’s
outpatient records revealed that there was a clinical sus-
picion of HLH, and the patient was undergoing fur-
ther workup at time of death. This patient’s HScore was
195. There was a statistically significant difference in the
finding of hemophagocytosis between the COVID-19-
positive and COVID-19-negative cohorts (P < .0001).
Bone marrow of 2 living patients who tested posi-
tive for COVID-19 was examined. The first patient was
a 48-year-old man with diabetes mellitus type 2 and hy-
pertension who underwent below-the-knee amputation
for osteomyelitis. CBC showed anemia. Marrow from the
amputation specimen showed trilineage hematopoiesis
with slightly left-shifted myelopoiesis but no apparent
hemophagocytosis. The HScore was 19. The second pa-
tient was a 63-year-old man with a pericardial effusion
who underwent excision of a portion of pericardium,
evacuation of a clot from the pericardial cavity, and re-
moval of a portion of the xiphoid process. His CBC was
remarkable for a neutrophilic leukocytosis that resolved
and for anemia. The marrow showed maturing trilineage
hematopoiesis with a few hemophagocytic histiocytes
highlighted by an immunohistochemical stain for CD68.

Discussion

In this study of the first 20 consecutive patients who
died of COVID-19 and had a postmortem examination
performed at our institution, there was a high prevalence
of comorbidities that have been associated with poor out-
come, including hypertension, diabetes mellitus, and obe-
sity.”"*" Common hematologic abnormalities included
neutrophilic leukocytosis, lymphopenia, anemia, and
thrombocytopenia; the anemia and thrombocytopenia
were mild in most cases. Lymphopenia is commonly as-
sociated with COVID-19,'"" with more pronounced
lymphopenia associated with more severe COVID-19 di-
sease.'*'>'"" The lymphopenia may be secondary to the
cytokine storm induced by SARS-CoV-2. In addition,
lymphocytes are reported to express ACE2 receptors on
their surface and may become directly infected and killed
by SARS-CoV-2.*!

Neutrophilic leukocytosis became more prevalent
over time so that nearly all (15 of 17) evaluable patients
demonstrated an elevated ANC on their last CBC. In this
cohort, the increases in both WBC count and ANC be-
tween the first and last CBCs were statistically significant.
Neutrophilic leukocytosis has been documented previ-
ously in association with COVID-19 infection, although
it was more common and with more striking elevation of
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neutrophils in some patients in this series compared with
other studies.®** In some studies, leukopenia appeared to
be more common than neutrophilia, and only a small mi-
nority of patients had leukocytosis.*'*** Median WBC
count and ANC were higher among our deceased patients
than in unselected hospitalized patients with COVID-19
at our institution, suggesting that a more pronounced
neutrophilic leukocytosis may correlate with worse out-
come in patients with COVID-19.° In several studies from
Wuhan and other areas in China, patients with severe
COVID-19 disease had a higher WBC count'*'*"* and
higher levels of neutrophils'*'*'*2*? than patients without
severe disease, although the WBC counts and ANCs in
these studies were often still within the normal range, in
contrast to the striking neutrophilia noted in a subset of
our patients. In a study from Singapore, no patient had an
elevated WBC count on admission, although patients in
the ICU tended to develop neutrophilia during hospitali-
zation*; however, their median ANC was lower than that
seen in the last CBC of our patients. In 2 studies from
Washington State in the United States,' WBC count
was higher on average than in most studies from China
but still not as pronounced as in some of our patients.**

The cause of elevation of WBC count and ANC in
patients with COVID-19 remains uncertain. Bacterial or
fungal coinfection may play a role and has been described
in a few patients from Wuhan.”* Additional studies have
noted that patients with severe COVID-19 infection are
more likely to have bacterial coinfections, likely sec-
ondary to lowered immune function.”® In our series, 6 pa-
tients had bacterial or fungal coinfection that may have
contributed to their leukocytosis; nonetheless, the hema-
tologic abnormalities were similar between the coinfected
patients and patients without known coinfection in this
cohort. Both the overall cohort and the patients with
coinfections showed a statistically significant increase in
WBC count and reduction in hematocrit, with a signif-
icant increase in ANC also noted in the overall cohort
but not among the patients with coinfections. All patients
without coinfection were monitored closely for signs of
bacterial and/or fungal infection during their hospitaliza-
tions and received routine (often multiple) blood and urine
cultures, all of which showed no growth. No clinical sus-
picion of coinfection was documented in their electronic
medical records. Consequently, although a neutrophilic
leukocytosis should prompt a search for superimposed
bacterial and/or fungal infections, patients with COVID-
19 and no known coinfections can nevertheless develop a
pronounced neutrophilic leukocytosis.

As part of the cytokine storm induced by SARS-
CoV-2, levels of granulocyte colony-stimulating factor
(GCSF) and granulocyte-macrophage colony-stimulating
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factor are elevated, with more pronounced elevation of
GCSF in severely ill patients compared with those with
milder disease.'® Differences between our patients and
those described in Wuhan, China, and other areas of
Asia may be related to various factors, including differ-
ences in immune response related to ethnicities or other
types of comorbidities. Additional larger and interna-
tional studies are needed to investigate these factors.

Bone marrow taken at autopsy usually demonstrated
trilineage hematopoiesis, sometimes with myeloid hy-
perplasia and/or a left shift. Similar findings have been
reported previously in a few European series.™"* We iden-
tified the presence of hemophagocytosis in all 19 (100%)
evaluable autopsy bone marrows, excluding the necrotic
bone marrow that was unevaluable. Hemophagocytic
histiocytes were scattered throughout hematopoietic
elements and did not form aggregates. A similarly high
incidence of hemophagocytosis was noted in recent se-
ries of 17 and 35 patients with COVID-19 in Spain and
the United Kingdom, respectively,™’ although a se-
ries of 4 patients with COVID-19 in North America
noted the presence of hemophagocytosis (specifically,
lymphophagocytosis) in the lymph nodes and spleen
but not in the bone marrow.”® Similar to the recent study
from Spain, we identified primarily erythrophagocytosis
in the bone marrow.” Hemophagocytosis of leukocytes
was also noted occasionally. The frequent presence
of hemophagocytosis, as noted in several prior larger
studies,™’ suggests that COVID-19 can induce an HLH
phenotype. Mechanistically, COVID-19 may predispose
to HLH through activation of the IL-1/IL-6 pathway,
including overproduction of IL-1p by macrophages.””
Hemophagocytosis, however, is not a specific finding for
HLH.* Erythrocytosis in particular appears to be more
frequently noted in patients with underlying infections,
many of whom do not ultimately receive a clinical diag-
nosis of HLH.™ In our cohort, erythrophagocytosis was
the primary form of hemophagocytosis seen, regardless
of the patient’s HScore.

Similar to the current findings of hemophagocytosis
in patients with COVID-19, previous studies on severe
acute respiratory syndrome (SARS) demonstrated vari-
able bone marrow histologic changes.” Trilineage hemat-
opoiesis without evidence of hypoplastic marrow or HLH
was reported in one study.”® Another study documented
hemophagocytosis in the lungs of patients infected with
SARS but did not examine the bone marrow of these pa-
tients,”* whereas hemophagocytosis was identified in the
bone marrow of SARS-infected patients in 2 additional
studies.”**

Aberrant inflammatory response has been impli-
cated in the pathogenesis of COVID-19 in several recent
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studies.”” The hyperinflammatory response may take the
form of macrophage-activation syndrome, also known
as secondary HLH. In one study, patients with clinical
findings consistent with HLH were noted to show ele-
vated HScores, which estimate the likelihood of HLH.>"?
Secondary HLH, in contrast to primary/hereditary
hemophagocytic syndrome, is a reactive condition that
may occur in response to infection, autoimmune diseases,
or malignancies.'”” Despite the potential importance of
HLH as a driver of the proinflammatory cytokine re-
sponse in some patients with COVID-19, to date there
have been few reported analyses of the bone marrow in af-
fected patients.” A recent study documented the HScores
of 8 patients who tested positive for COVID-19 but did
not examine their bone marrow.” Identification of under-
lying bone marrow alterations in patients with COVID-
19 provides important data to support HLH as one of
the manifestations of COVID-19 and furthers our under-
standing of its pathophysiology.

Secondary  polycythemia,  characterized by
erythrocytosis with an elevated erythropoietin level, was
noted in one autopsy patient who had a normal CBC docu-
mented 4 months previously. Secondary polycythemia
can develop in people residing at high altitudes, those
with pulmonary disease, and rarely as a paraneoplastic
phenomenon. The striking elevation of the hemoglobin
and the hematocrit in this patient was unusual and out
of proportion to those in hypoxemic patients with lung
disease and may represent an unusual manifestation of
SARS-CoV-2 infection. Of note, rare patients positive for
HIV with polycythemia that eventually resolves, some-
times in response to antiretroviral therapy, have been re-
ported.”**” To date, there has been only one prior report
of (presumed secondary) polycythemia in patients with
COVID-19.*

We identified hemophagocytosis in 3 of the 10 bone
marrows of patients who tested negative for COVID-19.
Two of the patients had had recent cardiac surgeries with
protracted ICU courses. In one case, the bone marrow
showed extensive hemorrhage. The hemophagocytosis
seen may represent a normal response to the hemor-
rhage. In the third case, there was a clinical suspicion of
HLH. The finding of hemophagocytosis in the patient’s
bone marrow and an HScore of 195 raise a strong possi-
bility of the diagnosis of HLH. Although the cohort was
small, this finding further highlights the striking preva-
lence of hemophagocytosis in the bone marrow of pa-
tients with COVID-19 relative to the typical prevalence
of hemophagocytosis in COVID-19-negative autopsies
(P <.0001).

This study has several limitations. First, given
the nature of a single-institution study with a limited
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sample size, our estimates of the incidence of peripheral
blood abnormalities and hemophagocytosis may not be
precise. Second, because this study primarily focused
on patients with fatal COVID-19 disease, the incidence
of hemophagocytosis in all patients with COVID-19,
including those with asymptomatic or mild disease, re-
mains unclear. Nevertheless, our findings are consistent
with other reports of worse outcomes among patients
with a clinical profile resembling HLH.?” Third, our
autopsy cohort examined to date was predominantly
White, limiting generalization of these findings to the
overall racial and ethnic demographics of the United
States or to the national infection and mortality
trends.” Finally, our analysis was based primarily on
autopsy material with variable autolysis and degener-
ative change, which may render optimal evaluation of
some histologic features difficult.

In conclusion, weidentified a high incidence of neutro-
philic leukocytosis, lymphopenia, and hemophagocytosis
in patients with fatal COVID-19. We noted the frequent
presence of hemophagocytosis in the bone marrow of de-
ceased patients, present in 100% of evaluable bone marrow.
Our findings support the burgeoning theory that COVID-
19 induces HLH in a subset of patients. Finally, the ab-
sence or the presence of only mild hemophagocytosis in 2
bone marrows from living patients with COVID-19 may
support the hypothesis that patients with an HLH pheno-
type experience worse clinical outcomes.

Corresponding author: Cynthia Harris, MDD, cynthiaharris@
mgh. harvard. edu.
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