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Abstract

Coronavirus disease 19 (COVID-19) is considered a multisystemic disease. Several

studies have reported persistent symptoms or late-onset complications after acute

COVID-19, including post-COVID-19 hematological disorders. COVID-19-induced

coagulopathy, an immunothrombotic state, has been linked to thromboembolic and

hemorrhagic events. Late-onset thrombocytopenia related to immune system dys-

regulation has also been reported as a rare manifestation post COVID-19. Close

monitoring of laboratory dynamics is considered essential to identify timely abnormal

values that need further investigation, providing supportive care whenever indicated.

The role of hematologists is essential in terms of the multidisciplinary approach of

long COVID-19. This review summarizes all the available evidence on post-acute

COVID-19 hematological complications.

1 | INTRODUCTION

Coronavirus disease 19 (COVID-19) pandemic had spread rapidly with

devastating consequences worldwide. The mortality rate ranges from

3% to 5%, while approximately 80% of patients hospitalized with

COVID-19 and 60% of those admitted to intensive care units (ICUs)

survive.1 Older people and those with comorbidities are at increased

risk of death and complications from COVID-19.2,3 COVID-19 survi-

vors might experience multiple organ impairment with a significant

impact on their quality of life post recovery.4–6 Although it is well

known that the disease primarily manifests as a respiratory tract infec-

tion, several studies have demonstrated that it should be considered a

multisystemic disease including cardiovascular impairment, respiratory

illness, gastrointestinal disorders, neurological symptoms, as well as

hematopoietic and immune system dysregulation.6–9The mul-

tisystemic aspects of acute COVID-19 have been thoroughly evalu-

ated; however, the long-term complications are still an underexplored

area. “Long (haul)-covid” is used to describe the ongoing effects of

COVID-19 infection, which possibly encompasses different entities;

post-intensive care syndrome, post-viral fatigue syndrome, and long-

term COVID-19 syndrome.10 During COVID-19 pandemic, micro and

macrovascular thrombotic complications have emerged as common

clinical complications of the disease, particularly among critically ill

and hospitalized patients.11,12 The risk of pulmonary microvascular

thrombosis and arterial thrombotic events (infarction, stroke, limb

ischemia) is also increased, albeit to a lesser extent than venous

thrombosis (up to 17% in a recent meta-analysis).13–17

Here we comprehensively review the long-term hematological

complications that have been described post COVID-19 recovery,

providing guidance for their prevention and management.

2 | METHODS

A comprehensive literature search was performed in PubMed using

both controlled vocabulary and free text terms for COVID-19 and

late/long-term hematologic complications. Updates were performed

at regular intervals throughout the review process until September

1, 2021. The search strategy was as follows: (“Hematologic” OR

“Hematologic Disease” OR “Blood Disease” OR “Blood Diseases”
OR “Blood Hematological Diseases”) AND (“COVID-19” OR

COVID19 OR “COVID 2019” OR “novel coronavirus” OR “SARS-
CoV” or “SARS-CoV-2” OR “SARS2” or “2019-nCoV” OR ncov19 OR

ncov-19 OR “2019-novel CoV” OR sarscov2 OR sarscov-2 OR
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Sars-coronavirus2 OR Sars-coronavirus-2 OR SARS-like coronavirus*

OR coronavirus-19) AND (complication* OR damag* OR delayed OR

after or post* OR survivor* OR following OR secondary OR chronic

OR late* OR “new onset” OR long* OR permanent* OR sequence OR

persist* OR “follow up” OR “follow-up”). Articles were initially

screened based on title and abstract. Relevant articles were assessed

by full-text reading. All types of studies (case reports, case series, ret-

rospective and prospective studies, and clinical trials) were consid-

ered. Two independent reviewers (E.K. and D.F.) screened the

literature. All relevant papers reporting on hematological complica-

tions related to long COVID-19 were included. Studies reporting only

complications during the acute phase of the disease were excluded.

Available evidence is summarized and discussed.

3 | POST-ACUTE COVID-19
HEMATOLOGICAL COMPLICATIONS

3.1 | Thrombotic and hemorrhagic events

COVID-19-induced coagulopathy (CIC) is an immunothrombotic state

that appears to be more prothrombotic than hemorrhagic (Table 1).25

The optimal thromboprophylactic practice across the spectrum of the

disease has not been established yet, but multiple ongoing random-

ized controlled trials (RCTs) are addressing this question (Table 2).26

Individual institutions and professional societies have published

interim recommendations to guide anticoagulation strategies.27–29

With regard to pathophysiology, SARS-CoV-2 invades vascular

endothelial cells directly and induces a suitable environment for the

migration and aggregation of immune cells via negative regulation of

the ACE-2 receptor activity and angiotensin II accumulation.30,31

Proinflammatory and procoagulant cytokine release and endothelial

injury lead to the subsequent activation of the coagulation cascade,

impaired fibrinolysis and thrombin generation, and modification of the

hemostatic environment.31–34 Heparin has demonstrated significant

effects in reducing the procoagulant environment and the relevant

vascular inflammation.30 The hyperinflammatory response induces

endothelitis,30,35 but it is not clear how long endothelitis can persist in

the convalescent phase of the disease. It has been postulated that

low-grade endothelial activation and subsequent downstream signal-

ing of prothrombotic pathways and low-level inflammation may per-

sist after the acute phase of the disease.36 The risk of thrombotic

complications in the post-acute COVID-19 phase is probably linked

to the duration and severity of a hyperinflammatory state, although

how long this persists is unknown. B cells may also play a role in

long COVID-19 autoimmunity. Antiphospholipid antibodies were

detected in 52% of patients (24% anti-phosphatidylserine/

prothrombin IgG, 18%, anti-phosphatidylserine/prothrombin IgG, and

23% anti-cardiolipin IgM) in one hospitalized cohort, and there was

an association with increased neutrophil activity and more severe

outcomes.37,38

It is hypothesized that endothelial cell (EC) pathway activation

may contribute in long COVID-19 pathogenesis (Figure 1). In a recent

study, 50 patients were evaluated in a median of 68 days post

COVID-19. EC activation, thrombin generation, and NETosis com-

pounds were assessed. Thrombin generation assays demonstrated

shorter lag times in combination with increased endogenous thrombin

potential and peak thrombin. EC biomarkers such as VWF:Ag, VWF

propeptide (VWFpp), and Factor VIII (FVIII:C) were significantly

increased as measured in the convalescent COVID-19 plasma.

Plasma-soluble thrombomodulin (sTM) levels were also significantly

elevated. Patients with advanced age or suffering from comorbidities,

or those who required hospitalization, revealed sustained endo-

theliopathy. These findings strongly indicate that the presence of

endotheliopathy might be involved in the underlying pathogenesis of

long COVID-19.39

A recent study showed that SARS-CoV-2 can cause potential

breakdown of the hematopoietic stem cells differentiation, leading to

acute anemia of inflammation, thrombocytopenia, and thrombosis

(Figure 1). The Sars-CoV-2 RNA enters ex vivo the primary CD34+

HSCs, inducing the formation of defective megakaryocytic and ery-

throid cells. Viral particles from affected CD34+ HSCs confer the

greatest risk for severe thrombosis related to Sars-CoV-2 infection.40

Epidemiological data examining the risk of thrombosis post hospi-

tal discharge are limited, but the overall the risk is similar to that of

patients hospitalized with acute medical illnesses other than

COVID-19. Based on data from studies with variability in outcome

ascertainment, the rate of venous thromboembolism (VTE) in the

post-acute phase of COVID-19 disease is well below 5% (Table 1).41

In a single-center retrospective report of 163 patients who did

not receive thromboprophylaxis post discharge, the cumulative inci-

dence of thrombosis (segmental pulmonary embolism, intracardiac

thrombus, ischemic stroke, VTE) at 30 days was 2.5%, for VTE alone

0.6% (median time to event 23 days), and for hemorrhage 3.7%.18

Similar rates are reported in other small retrospective studies.19

One prospective study assessed 146 patients (28% received

thromboprophylaxis) at 6 weeks post discharge; one asymptomatic

deep vein thrombosis (DVT) (0.7%) and one symptomatic pulmonary

embolism (0.7%) were diagnosed. No bleedings were reported. At

6 weeks, 32% of ward patients and 42% of ICU patients had elevated

D-dimer levels.20 In another outpatient cohort study of 175 patients,

at 60 days the incidence of arterial events was 0% and venous events

0.71% (1 PE at 9 days post discharge), and no bleedings were

reported.21 Similar rates were also reported from a Chinese study of

post-acute COVID-19 .22 In another study, the VTE rate was 1.6%23

among 4906 individuals following hospital discharge (VTE rate was

lower among patients on thromboprophylaxis). The rate of major

bleeding was 1.7%. Among 1877 individuals who did not use post-

discharge thromboprophylaxis, nine VTE events were ported (0.48%)

and the median time to event was 8 days (3–33).19 Ongoing larger

studies such as CORONA-VTE, CISCO-19, and CORE-19 will provide

more insight to this post-acute COVID-19 complication.24,42

Townsend et al.,43 in a retrospective study on 150 patients,

reported increased D-Dimer levels in 25.3% of convalescent patients

at a median of 80.5 (range 44–155) days post COVID-19. D-dimer

elevation was associated with vascular events, a bilateral PE, and an
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TABLE 1 Representative studies reporting thromboembolic/hemorrhagic manifestations of subacute and/or chronic COVID-19

Study Design Study population Type of event Anticoagulation

Time interval between

diagnosis and time of
event

Patell et al.18 Retrospective

observational

n = 163

F: 52.2%

Obesity: NR

VTE 2.5%

1 PE

1 ICT

1 thrombosed

AV fistula

1 ischemic stroke

Hemorrhagic events:

3.7%

2 MB

4 CRNMB

No Median duration to

thrombotic event

post discharge

23 days (IQR: 12–33)
Median duration to

event post discharge:

27 days (IQR 16–
31 days)

Roberts et al.19 Retrospective

observational

n = 1877

F: NR

Obesity: NR

VTE

n = 9 (11%)

2 proximal DVT

7 PE

No Median duration to

event post discharge

8 days (IQR, 3–
33 days)

Engelen et al.20 Prospective cohort

study Systematic

post-discharge

screening

n = 102

F: NR

Obesity: NR

0 symptomatic events

1 asymptomatic VTE

8% on prophylactic

LMWH

Outpatient follow-up

screening at 6 weeks

post discharge

Bourguignon et al.21 Retrospective cohort

study

n = 140

Discharged from

medical ward

F: 46%

Obesity: NR

n = 35 discharged

from rehab ward

F: 63%

Obesity: NR

0.71%

n = 1 PE

0%

10% on anticoagulation

at discharge

29% on anticoagulation

at discharge

Event at 9 days post

discharge

Huang et al.22 Cohort study with

systematic

screening

n = 2469

F: 48%

n = 390

F: NR

Obesity: NR

Three ischemic

strokes

one PE

(only events requiring

re-admission

reported)

No asymptomatic

VTE in screening

NR

NR

NR

NA

Giannis et al.23 Prospective registry n = 4906

F: 46%

Obesity: 18.9%

n = 76 (1.55%) VTE

DVT 44

PE 42

Splanchnic VT 2

n = 84 (1.71%) ATE

stroke 22

MI 24

MLE 26

S. embolism 16

n = 85 (1.73%) MB

12.7% on

thromboprophylaxis

n = 62 (1.3%) enoxaparin

n = 3 (0.06%) UFH

n = 180 (3.7%) apixaban

n = 336 (6.9%)

rivaroxaban

Outcomes at 90 days

post discharge

Spyropoulos et al.24 Case series n = 4

M: 100%

Obesity: 0%

Two large-vessel

ischemic strokes

one acute ischemic

limb (emboli from

aortic thrombosis)

one AL STEMI

No Median time to event

post diagnosis:

72 days

Abbreviations: AL STEMI, anteriolateral ST-elevation myocardial infarction; ATE, arterial thromboembolism; CRNMB, clinically relevant non-major bleed;

DVT, deep vein thrombosis; ICT, intracardiac thrombus; MB, major bleeding; MLE, major limb event; PE, pulmonary embolism; S. embolism, systemic

embolism; UFH, unfractionated heparin; VTE, venous thromboembolism.
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TABLE 2 Summary of ongoing clinical trials addressing prevention strategies of thromboembolic events at the post-acute phase of COVID-19

Clinical trial title/NCT Intervention/treatment Description Primary outcome

COVID-19 Positive Outpatient

Thrombosis Prevention in

Adults Aged 40–80
ACTIV4

(NCT04498273)

Apixaban 2.5 mg

apixaban 5 mg

Aspirin versus placebo

Double-blind placebo-controlled

platform trial to compare the

effectiveness of anticoagulation

with antiplatelet agents and with

placebo to prevent thrombotic

events in patients diagnosed with

COVID-19 not admitted to

hospital

Hospitalization for cardiovascular/

pulmonary events (time frame:

45 days)

COVID-19 Thrombosis Prevention

Trials: Post-hospital

Thromboprophylaxis

ACTIV4c

NCT04650087

Apixaban 2.5 mg versus

placebo

Adaptive, prospective, randomized

platform Phase III trial designed to

compare the effectiveness and

safety of antithrombotic therapy

with no antithrombotic therapy

after hospitalization for 48 h or

longer for COVID-19. For Stage 1

of this study, participants will be

randomized to either prophylactic

anticoagulation or matching

placebo for 30 days, and then

followed for an additional 60 days

after the completion of treatment

(total duration of follow-up

90 days).

Composite outcome of symptomatic

deep vein thrombosis, pulmonary

embolism, other venous

thromboembolism, ischemic stroke,

myocardial infarction, other arterial

thromboembolism, and all-cause

mortality as measured by hospital

records (time frame: 30 days after

hospital discharge)

Medically Ill Hospitalized Patients

for COVID-19 THrombosis

Extended ProphyLaxis With

Rivaroxaban ThErapy

THe MICHELLE Trial

(NCT04662684

Rivaroxaban 10 mg versus no

intervention after

discharge

Randomized Phase III trial evaluating

the safety and efficacy of

rivaroxaban 10 mg OD for 35

± 4 days versus no intervention

after hospital discharge in

COVID-19 patients who were at

increased risk for VTE and have

received standard parenteral VTE

prophylaxis during hospitalization

Venous thromboembolism (VTE) and

VTE related-death (time frame: at

day 35 ± post hospital discharge).

A composite efficacy end point of

symptomatic VTE, VTE-related

death, and/or VTE detected by

mandatory bilateral lower limb

venous duplex scan and computed

tomography pulmonary angiogram

on day 35 ± 4 post hospital

discharge

Effect of Anticoagulation Therapy

on Clinical Outcomes in

COVID-19 COVID-PREVENT

(NCT04416048)

Rivaroxaban versus standard

of care

Multicenter, prospective,

randomized, Phase II, event-driven

study. Thromboprophylaxis

therapy will be given for 28 days

up to day 35 post randomization

or even longer. If the patient

cannot be discharged from the

hospital prior to day 35 post

randomization, the

thromboprophylaxis phase will

also start upon hospital discharge,

but is then shorter than 28 days,

because the study ends at day 60

post randomization

Composite end point of venous

thromboembolism (DVT and/or

fatal or non-fatal PE), arterial

thromboembolism, new myocardial

infarction, non-hemorrhagic stroke,

all-cause mortality or progression to

intubation and invasive ventilation

(time frame: 35 days post

randomization)

Effect of the Use of Anticoagulant

Therapy During Hospitalization

and Discharge in Patients With

COVID-19 Infection

XACT

(NCT04508439)

Enoxaparine (prophylactic or

therapeutic dose)

Randomized clinical trial in patients

with confirmed COVID-19 who

require hospital treatment and

subsequent ambulatory

surveillance

Identifying the benefit of different

doses of low-molecular-weight

heparin (enoxaparin) on ventilatory

support time, length of hospital

stay, and mortality in patients

requiring hospital care for

COVID-19 infection.

Comparing oral anticoagulation

therapy by administering

rivaroxaban 10 mg PO every 24 h

on early thrombotic complications
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acute coronary syndrome requiring coronary artery bypass graft sur-

gery (CABG) in this cohort.

Fan et al.44 reported four cases of catastrophic large arterial

thromboses. Patients were young with no pre-existing cardiovascular

risk factors and asymptomatic SARS-CoV-2 infection, and there was a

long latency (median time 78 days from seroconversion) between pos-

itive serology and the event. Two patients had large-vessel ischemic

strokes, one had acute limb ischemia due to emboli from an aortic

thrombosis, and one had a myocardial infarction. In addition, all

patients had a hypercoagulable state, defined by markedly raised Fac-

tor VIII, elevated von Willebrand factor antigen, increased D-dimer

levels, and hyperfibrinogenemia.

The risk of thrombotic complications in the post-acute setting is

associated with the severity of COVID-19 infection (ICU stay, dura-

tion of hospital stay) and standard risk factors for thrombosis and

adverse outcomes.29 In addition, events during the acute phase of the

disease increase the risk for recurring events.18,45

Patients hospitalized for acute medical illness, also at the acute

phase of COVID-19, are at risk for VTE for up to 90 days following

discharge. Extended thromboprophylaxis reduces this risk but

increases the bleeding risk and is therefore not routinely rec-

ommended. Given the low rates of thrombotic complications in the

post-acute phase of the disease, it is currently46 unclear and under

investigation whether extended thromboprophylaxis should be used.

Enrolment in clinical trials is encouraged. Given the lack of prospective

data, professional societies and institutions have published interim

recommendations on anticoagulation management for COVID19

patients.28,29 Post discharge, the Global COVID-19 Thrombosis Col-

laborative group (endorsed by ISTH, NATF, ESVM, IUA) recommends

extending VTE prophylaxis in appropriately selected patients, home

INR (international normalized ratio) testing in patients on vitamin K

antagonists (VKAs), and encouraging home exercise.29

Standard tools for VTE risk assessment should be used to identify

patients at high risk for thrombosis in the post-acute period29 who

TABLE 2 (Continued)

Clinical trial title/NCT Intervention/treatment Description Primary outcome

Hamburg Edoxaban for

Anticoagulation in COVID-19

Study (HERO-19)

NCT04542408

Edoxaban and/or high-dose

LMWH versus low-dose

low-molecular-weight

heparin or placebo

Prospective, randomized, assessor-

blinded, multicenter, placebo-

controlled, interventional Phase III

trial that will investigate whether

therapeutic anticoagulation on top

of SOC compared to prophylactic

anticoagulation as part of SOC

can improve objective patient-

relative end points, relevant for

prognosis in patients with

COVID-19

All-cause mortality and/or venous/

arterial thromboembolism (time

frame: 42 days)

All-cause mortality and/or venous/

arterial thromboembolism during

follow-up (42 days).

Thromboembolisms will be

detected by duplex ultrasonography

of arms and legs

A Study of Rivaroxaban to Reduce

the Risk of Major Venous and

Arterial Thrombotic Events,

Hospitalization and Death in

Medically Ill Outpatients With

Acute, Symptomatic

Coronavirus Disease 2019

(COVID-19) Infection

PREVENT-HD trial

(NCT04508023)

Rivaroxaban versus placebo Multicenter, randomized, placebo-

controlled, pragmatic Phase III

study investigating the efficacy

and safety of rivaroxaban to

reduce the risk of major venous

and arterial thrombotic events,

hospitalization, and eeath in

medically ill outpatients with

acute, symptomatic COVID-19

infection.

Time to first occurrence of a

composite end point of

symptomatic venous

thromboembolism (VTE),

myocardial infarction (MI), ischemic

stroke, acute limb ischemia,

noncentral nervous system

(non-CNS) systemic embolization,

all-cause hospitalization, and all-

cause mortality will be assessed

(time frame up to day 35)

Protective Effect of Aspirin on

COVID-19 Patients

(PEAC)

NCT04365309

Aspirin 100 mg Randomized, parallel-assignment,

open label, Phase II–III trial,
assessing the early use of aspirin

in COVID-19 patients, which has

the effects of inhibiting virus

replication, antiplatelet

aggregation, anti-inflammatory

and anti-lung injury, is expected to

reduce the incidence of severe

and critical patients, shorten the

length of hospital duration, and

reduce the incidence of

cardiovascular complications.

Clinical recovery time (TTCR) (time

frame: not more than 14 days)

Aggrenox To Treat Acute Covid-

19

(ATTAC-19)

ATTAC-19

Dipyridamole ER 200 mg/

aspirin 25 mg orally/

enterally AND SOC vs.

SOC

Randomized controlled trial to

evaluate the outcomes with

aggrenox in patients with

SARS-CoV-2 infection

Change in composite COVID ordinal

scale at day 15
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should be considered for extended prophylaxis (up to 45 days).27,29

Standard risk factors such as active cancer, immobility, age, high BMI

(body mass index), recent trauma, thrombophilia, surgery, and per-

sonal or familial history of VTE should be taken into account. The

severity of COVID-19 disease is also included in risk assessment, and

some authors also include elevated D-dimer levels (>2 times the upper

limit of normal).47,48 Low-molecular-weight heparin and direct oral

anticoagulants are generally preferred over VKAs due to the lack of

need to monitor therapeutic levels.29 Potential drug–drug interactions

should also be considered.

The role of antiplatelet agents as an alternative for throm-

boprophylaxis (or together with anticoagulation agents) has not yet

been determined. It is being assessed as a prolonged primary throm-

boprophylaxis strategy in those managed as outpatients (ACTIV-4

(NCT04498273). At the same time, maintaining physical activity and

ambulation should be recommended to all patients when appropriate.

The area of post-acute COVID-19 disease thromboembolic and

hemorrhagic risk is under active investigation.49 ACTIV-4c will evalu-

ate the impact of apixaban 2.5 mg BID (twice a day) on the rate of all-

cause mortality and arterial and venous thromboembolism on 5320

post-discharge patients. The MICHELLE Trial (NCT04662684) is an

open-label RCT with 320 participants; it aims to evaluate the safety

and efficacy of rivaroxaban 10 mg QD (everyday) versus no interven-

tion after hospital discharge. In the INSPIRATION study, an intermedi-

ate or standard prophylactic dose of enoxaparin will be continued

after discharge in 600 patients randomized in the ICU. In the COVID-

PREVENT trial (NCT04416048), rivaroxaban at prophylactic doses will

be compared with the standard of care in COVID-19 outpatients. In

XACT, Factor Xa Inhibitor versus Standard of Care Heparin in Hospi-

talized Patients with COVID-19 during hospitalization and discharge

will be assessed (NCT04508439). In the HERO-19 study, edoxaban

60 mg QD or placebo will continue after discharge in 172 patients

randomized to treatment to evaluate all-cause mortality rate and VTE

incidence at 42 days. Finally, aspirin in the PEAC study and extended-

release dipyridamole plus aspirin in the ATTAC-19 study will be con-

tinued after discharge. The PREVENT-HD trial (NCT04508023) will

compare rivaroxaban 10 mg tablet orally once daily for 35 days along

with the standard-of-care treatment versus placebo along with stan-

dard of care.

3.2 | Autoimmune hematological disorders

Autoimmune thrombocytopenic purpura (ITP), although rarely, has

been recognized as a late manifestation of COVID-19. Potential

mechanisms underlying SARS-CoV-2-mediated immune thrombocyto-

penia include immune system dysregulation, molecular mimicry, epi-

tope spreading, and susceptibility mutations in SOCS 1 (Figure 1).

Delayed-onset ITP has been reported in the post-acute phase,

between 3 and 4 weeks after COVID-19 symptom onset.50 Chen

et al. reported, in a large cohort of 271 hospitalized COVID-19

patients in China, a delayed-phase thrombocytopenia of presumed

immune origin in 11.8% of patients.51 A recent systematic review

reported that among 45 patients with ITP secondary to COVID-19,

20% developed thrombocytopenia 3 weeks after the onset of

COVID-19 symptoms and 9% had relapse following treatment

response during follow-up.52 Most patients were effectively treated

with glucocorticoids and intravenous immunoglobulin, and just a few

received thrombopoietin receptor agonist as a second-line agent.

A recent systematic review on hematological autoimmune disorders in

F IGURE 1 Schematic overview of late-onset hematologic complications post COVID-19 (see text for details) [Color figure can be viewed at

wileyonlinelibrary.com]
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the course of COVID-19 reported 12 cases of delayed ITP at least

20 days after COVID-19 diagnosis.53

4 | POST-COVID-19 HEMATOLOGICAL
LABORATORY FINDINGS

CIC is a hypercoagulable but also a hyperinflammatory state.

Lymphopenia is a consistent and typical laboratory finding of severe

acute COVID-19, along with increased inflammatory markers and a

hypercoagulable state reflecting cytokine storm, endothelitis, and

microangiopathy.54,55 A prothrombotic state documented upon

increased plasma levels of factor VIII and plasminogen-activator inhib-

itor type 1 (PAI-1) is maintained for 4 months post discharge, as

shown in a follow-up study of 52 COVID-19 survivors discharged

from hospital.56 These findings could partially explain the hyper-

coagulable and hypofibrinolytic status post COVID-19, although

sustained endothelitis may also play a role.

COVID-19 patients with severe disease and fatal outcomes pre-

sent with a decreased lymphocyte/white blood cell ratio at admission

and during hospitalization compared with the survivors.57,58 Survivors

demonstrated a lymphocyte nadir on day 7 and then a subsequent

restoration.59 A prognostic model based on lymphocyte counts at two

different time points has been proposed; patients with less than 20%

lymphocytes at days 10–12 and less than 5% at days 17–19 seem to

have the worst prognosis.60 Lymphocytes express the ACE-2 recep-

tor, enabling SARS-CoV-2 to bind directly and, consequently, leading

to their lysis.61 The cytokine storm is characterized by extremely high

levels of interleukins (mainly IL-6, IL-2, IL-7, granulocyte colony-

stimulating factor, interferon-γ inducible protein 10, MCP-1, and

MIP1-a) and tumor necrosis factor (TNF)-alpha, which may also induce

lymphocyte apoptosis.62–64 Persistent lymphocytopenia may be evi-

dent even at 5 weeks from disease onset, especially in patients with

severe acute COVID-19 disease.65 A study from China on 435 hospi-

talized COVID-19 patients reported that lymphocytopenia was partic-

ularly relevant for CD3+, CD4+, CD8+, CD19+, and CD16/56+

lymphocyte subsets.65 Lymphocytes increased between the third and

fifth week, returning gradually to normal levels, but remained lower

compared to healthy controls. Although this was a retrospective study

based on electronic medical records, the observation period was long

and the sample size at the key time points was large. However, the

number of patients at each time point was not consistent and some

clinical data were lacking. Nevertheless, the trend in variation of cellu-

lar immune function during treatment is not affected by the factors

reported above. Thus, the study provides useful evidence and high-

lights important results on this topic.

A longitudinal follow-up study of 25 convalescent COVID-19 sur-

vivors showed that CD8+ T lymphocytes returned to normal within

3 months after symptom onset, although CD4+ T lymphocytes were

lower than in healthy controls at the first month of follow-up.66

Neutropenia is a complication in many viral illnesses, but it is

uncommon during the course of COVID-19. Neutropenia following

COVID-19 infection has been associated with bone marrow

suppression secondary to inflammatory response. It may resolve by

itself following a wait-and-watch approach, especially in young

healthy patients.67 Bouslama et al. reported a case of a pediatric

patient with neutropenia successfully treated with filgrastim, which

persisted 1 month after GCSF (granulocyte colony stimulating factor)

discontinuation.68 Lufti et al. reported GSCF-responsive neutropenia

combined with thrombocytosis 1 week after resolution of COVID-19

symptoms.69 Therapeutic agents used at the acute phase of

COVID-19 such as tocilizumab have been associated with prolonged

neutropenia, even after the resolution of acute symptoms.70

Thrombocytopenia is a common complication of viral infections.

The exact mechanisms by which SARS-CoV-2 infection induces

thrombocytopenia are not fully understood and require further

research. Various potential mechanisms have been proposed: immune

system dysfunction and autoimmunity mediated by the virus; dysfunc-

tional bone marrow milieu or direct infection of platelets by

SARS-CoV-2, via CD-13 receptors, leading to inhibition of platelet

synthesis; decreased thrombopoietin production by a dysfunctional

liver; and platelet aggregation and platelet consumption in micro-

thrombi formations in the lungs. A meta-analysis of nine studies has

shown that thrombocytopenia is strongly associated with the severity

of the disease.71 Chen et al.51 reported in a cohort of 271 hospitalized

COVID-19 patients that 11.8% developed delayed-phase thrombo-

cytopenia. More prone were elderly patients or patients with

lymphopenia on admission. In this study, delayed thrombocytopenia

had a significant negative correlation with the proportion of B cells.

Bone marrow aspiration performed in three patients revealed

impaired growth of megakaryocytes.

Elevated D-dimer levels may serve as a marker of the pro-

thrombotic state. A retrospective study including 150 patients

showed increased D-dimer levels in 25.3% of convalescent patients at

a median of 80.5 (range 44–155) days post SARS-CoV-2 infection.

Other coagulation and inflammation markers were normal in the vast

majority (>90%) of patients. D-dimer elevation was associated with

major vascular events in two patients. The pathophysiological mecha-

nisms underlying D-dimer elevation and its implication to late

COVID-19 manifestations remain poorly understood. Extravascular

pulmonary fibrinolysis has been proposed as a potential mechanism to

explain elevated D-dimers post COVID-19; however, further research

is needed. An observational, prospective, multicenter trial evaluated

cardiopulmonary recovery after COVID-19 at 6 and 100 days post

COVID-19 diagnosis. The results of the study indicate a significant

improvement in symptoms and cardiopulmonary status over time.

Blood samples were received from 145 patients at the first follow-up

and 134 patients at the second follow-up. With regard to the hemato-

logical long COVID findings, it was demonstrated that D-dimer and

ferritin levels were significantly decreased and hemoglobin levels were

significantly increased from first to second follow-up.72

COVID-19 has been associated with hyperferritinemia, which is

linked to increased mortality. A recent prospective observational

study tried to clarify whether the iron metabolism dysregulation is

correlated with the pathogenesis of the disease. A total of

109 patients were enrolled and evaluated 60 days post COVID-19.
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Thirty percent of the subjects had still iron deficiency and 9% had

anemia classified as inflammation anemia. These patients had

increased inflammation biomarkers such as IL-6 and CRP. Hyper-

ferritinemia remained present in 38% of the enrolled subjects and was

more common in patients with severe or critical disease. The mRNA

expression of peripheral blood mononuclear cells was investigated,

which showed that there is an association between the increased fer-

ritin levels and the cytokine mRNA expression. Furthermore,

persisting hyperferritinemia correlated with severe lung disease and

impaired performance status.73

5 | CONCLUSIONS

In conclusion, COVID-19 is a multisystemic disease with significant

manifestations from the hematopoietic system both at the acute and

post-acute or chronic phases. Regular monitoring of blood results and

evaluation of the individualized thrombotic risk based on com-

orbidities and coagulation profile are essential for both post-acute and

chronic COVID-19. Careful evaluation of laboratory dynamics at base-

line, during the disease course, and at specific time points post symp-

toms resolution can lead to a tailored therapeutic approach. We

would like to stress that patients who recover from COVID-19 need

special attention and medical care in post-COVID clinics for the early

identification of hematological and other late manifestations of SARS-

CoV-2. The role of the hematologist in such clinics is essential for the

multidisciplinary approach of late manifestations of COVID-19.
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