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Objective: SARS-CoV-2 emerged late 2019 and quickly spread globally. Acute 

COVID-19 effects were quickly elucidated; however, some patients were found to 

suffer from persistent symptoms in the absence of an acute infection. This places 

unnecessary pressure on healthcare systems and affects patient quality of life. 

Literature indicated lymphopenia, hyperferritinemia and coagulopathies were 

common among those with persistent symptoms. This systematic review aims to 

summarize the association between these hematologic abnormalities and long-

COVID.  

Methods: A systematic search of five electronic databases, PubMed, Google 

Scholar, Science Direct, Griffith University library and Cochrane, was conducted 

using specified search terms described in the methods section. Studies were 

refined using the Preferred Reporting Items for Systematic Reviews and Meta 

Analyses (PRISMA) tool. Data was retrieved from studies that passed the risk of bias 

(ROB) and met the inclusion and exclusion criteria, as follows; number of 

participants (≥10), hematologic testing, timing of testing, and studies with full text 

available in English.  

Results: The search strategy identified 14 studies that passed the ROB, met the 

inclusion and exclusion criteria, and were selected for the systematic review. 

Though some patients experiencing long-COVID had lymphopenia, hyperferritin-

emia and coagulopathies, there was inconsistencies found. Some patients with 

long-COVID had limited evidence of hematologic abnormalities.  

Discussion: Lymphopenia was a frequent anomaly identified in post-acute COVID, 

however, not exclusive to long-COVID patients. New research has shown the 

absence of specific T and B lymphocyte subsets may be exclusive to long-COVID 

patients, along with the sustained activation of other immune cells. Evidence has 

also emerged showing sustained inflammation beyond the acute infection in long-

COVID patients. Coagulopathies have been shown to persist due to an elevated D-

dimer in post-acute COVID-19 analyses. 

Conclusion: There is evidence of hematologic features that are exclusive to long-

COVID, however, research is still limited. The cause and effect of these 

abnormalities are yet to be determined. With future directions, further supporting 

evidence may emerge elucidating the potential hematological causes and 

mediators of long-COVID. 
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Introduction 

The coronavirus disease 2019 (COVID-19) pan-

demic has resulted in global consequences, 

including deaths, lockdowns, economic break-

downs, and more. One consequence of COVID-

19 referred to as “long-COVID,” occurs when 

symptoms of the viral infection persist even 

after the acute infection, or virus, has been 

cleared. A clear definition of the timeline asso-

ciated with long-COVID has not yet been estab-

lished and varies between articles (discussed 

later). Long-COVID symptoms include fatigue, 

shortness of breath, general malaise and 

more.1-3 These lingering symptoms affect the 

patient’s quality of life and, thus, adds unnec-

essary additional pressure on the healthcare 

system due to the extra care required for 

patients following the acute phase of the 

disease. The purpose of this study is to assess 

the changes seen in the blood components, 

such as red cells, white cells, and platelets, of 

COVID-19 patients who have recovered from an 

active infection and are suffering from long-

COVID symptoms. Elucidating how long-COVID 

occurs, how it affects the blood, how to pre-

dict it, and how it could possibly be treated 

could relieve the burden on both healthcare 

and patients. Samples are often used repeat-

edly up to several times to recreate measure-

ments and/or to determine additional results 

of multiple analytes. 
 

Study Aims and Objectives 

This systematic review aims to analyze and 

compare current literature regarding long-

COVID with a focus on hematologic parameters 

to determine the commonly seen changes and 

the possible associated pathophysiology to 

assist in future care and rehabilitation. This 

will be achieved via the following objectives:  

1. A planned systematic review of the 

literature to assess and compare the most 

frequent abnormal hematologic findings in 

long-COVID.  

2. Comparisons between literature methods 

and findings to determine the reliability of 

abnormal hematologic markers for 

predicting long-COVID and severity.  

3. Discussions of the theorized 

pathophysiology to elucidate possible 

directed therapy or rehabilitation for 

affected patients to assist in recovery and 

return to baseline quality of life.  

Multiple studies investigating hematologic 

parameters in patients with long-COVID were 

critically evaluated and compared. Establish-

ing disease or diagnostic patterns could prov-

ide critical information to determine prognosis 

and guide patient therapy or rehabilitation. 
 

SARS-CoV-2 and Hematologic System 

Severe acute respiratory syndrome coronavirus 

2 (SARS-CoV-2) is a single-stranded, positive 

sense, enveloped RNA virus belonging to a lar-

ge family of coronaviruses.4 With an unestabli-

shed, but highly debated origin, SARS-CoV-2 

emerged in late 2019 and in March 2020, the 

World Health Organization (WHO) declared 

SARS-CoV-2 a global pandemic. Numerous stud-

ies of SARS-CoV-2 have provided key informa-

tion regarding COVID-19 transmission, patho-

genesis, and possible treatment options.5,6 An 

unexpected aspect of the pandemic, however, 

was the persistence of symptoms in the absen-

ce of an acute COVID-19 infection. This pheno-

menon has been coined “long-COVID,” “chron-

ic COVID,” or post-acute COVID syndrome 

(PACS). Although many patients experience 

mild respiratory symptoms during the acute 

phase, select studies have found that many 

patients are affected by long-COVID. This pla-

ces significant pressures on healthcare systems 

and the patient’s quality of life.3,7,8 The hem-

atologic system is central to the basic func-

tions of the human body and based on recent 

literature, SARS-CoV-2 affects the hematologic 

system in various ways. This analysis provides 

insight into the hematologic pathophysiology 

of long-COVID, providing some key prognostic 

indicators that may help predict the severity 

of disease, which can be used for directed 

therapy and rehabilitation for future patients. 

 

Background/Literature Review 

Long-COVID, the persistence of symptoms in 

the absence of an acute COVID-19 infection, 
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affects the quality of life of many patients. 

Establishing patterns in hematologic abnor-

malities could be used to determine suitable 

treatment and possible rehabilitation strate-

gies for patients.  
 

Definition of Long-COVID  

An official definition for long-COVID has not 

yet been established. Some studies have follo-

wed the National Institute for Health and Care 

Excellence (NICE) definition of long-COVID, 

which, in collaboration with other institutes, 

have defined “ongoing symptomatic COVID-19” 

as persistent signs and symptoms lasting 4 to 

12 weeks, while signs and symptoms lasting 

more than 12 weeks which cannot be explained 

by differential diagnoses is defined as “post-

acute COVID-19 syndrome (PASC).”1,3,9,10 Other 

studies have defined long-COVID as symptoms 

persisting in the absence of the virus or post-

acute COVID-19 if symptoms persist for 3-12 

weeks and chronic COVID-19 if symptoms per-

sist for more than 12 weeks.11-13 For the purp-

oses of this review, long-COVID was defined as 

persistent COVID-19 symptoms with a negative 

COVID-19 polymerase chain reaction amplify-

cation (PCR) test or at least 1 month following 

the onset of symptoms (where PCR results 

were not available). This definition was used 

to establish a timeline to identify the signify-

cant diagnostic changes associated with the 

persistence of COVID-19 symptoms. 
 

Risk Factors for Long-COVID  

Comorbidities are known to increase the 

severity of COVID-19 and may also be the cause 

of some patients’ suffering from long-COVID. 

Some of these comorbidities are listed include 

age (more than 60 years of age), obesity, 

diabetes mellitus (DM), hypertension, ischemic 

heart disease, chronic obstructive pulmonary 

disease (COPD), asthma, and chronic kidney 

disease (CKD).1,14,15 The presence of these 

comorbidities may have pre-existing effects on 

hematologic parameters or contribute to the 

abnormalities seen in long-COVID.  
 

Hematologic Abnormalities in Long-COVID 

After extensive evaluation of the literature, 

the most common hematologic abnormalities 

found in long-COVD included lymphopenia, 

hyperferritinemia, and coagulopathies. Figure 

1 depicts a basic schematic of the hematologic 

abnormalities identified in this systematic 

review. 

 
Figure 1: Summary depicting the effects of COVID-19 on various aspects of the hematologic system. C-reactive 
protein (CRP); erythrocyte sedimentation rate (ESR) tumor necrosis factor-alpha (TNF-𝛼); ultra-large von 
Willebrand factor (UL-VWF); interleukin-6. (IL-6). Made by authors.

25 



International Journal of Biomedical Laboratory Science (IJBLS) 2022 Vol.11 No.1: 23-42 

Cytokine Storm  

Various studies have shown SARS-CoV-2 indu-

ces a cytokine storm, which is an excessive 

cytokine release due to uncontrolled immune 

regulation.4,16 Some of the cytokines noted in 

COVID-19 includes proinflammatory and proco-

agulant molecules, such as interleukin (IL)-2, 

IL-6, interferon-gamma (IFN-γ), interferon-

beta (IFN-β), and tumor necrosis factor alpha 

(TNF-𝛼) to list a few.16-18 These cytokines have 

a multitude of effects on the hematological 

system. Another notable inflammatory marker 

that is elevated in SARS-CoV-2 infections is C-

reactive protein (CRP). CRP is an acute phase 

protein and is increased during inflammation 

due to the release of IL-6.19 Elevated CRP 

typically decreases when an active infection is 

cleared by the immune system, however in 

long-COVID patients CRP remains elevated 

indicating a potential significance to the 

persistent of a patient’s symptoms.  
 

Lymphopenia 

Lymphopenia, a significant decrease in lymph-

ocyte counts, was noted as a common anomaly 

found in long-COVID patients.1,15,20 It was also 

found in acute infections and was shown to be 

a good predictor of COVID-19 severity, where 

patients with lymphopenia were found to have 

more severe symptoms.14,20 Lymphopenia is 

abnormal in viral infections as lymphocytes are 

known to be one of the primary immune cells 

elevated in viral infections and involved in the 

clearance of the virus.21 It should also be noted 

that neutrophilia with abnormalities in 

granulocytes and monocytes were seen in 

addition to lymphopenia in post-acute infe-

ctions, which was postulated to contribute to 

morbidity via facilitation of infections caused 

by other microorganisms due to the patient’s 

immunocompromised state.20,22 These leuko-

cyte abnormalities may exacerbate the nega-

tive effects of post-COVID contributing to long- 

COVID symptoms.  

Numerous theories have been postulated 

as to the cause of lymphopenia seen in COVID-

19 infections. A narrative review by Korompoki 

et al. indicated that lymphopenia may result 

from cell lysis due to SARS-CoV-2 infecting the 

cells via endocytosis mediated by binding of 

the viral spike protein to angiotensin con-

verting enzyme 2 (ACE2) receptors.17 Another 

theory suggested that the cytokine storm seen 

in COVID-19, as noted earlier, resulting in 

hyperinflammation was associated with cyto-

penia and may induce lymphocyte apop-

tosis.16,17 Ramakrishnan et. al. postulated the 

possibility of “COVID-associated immune ex-

haustion,” which occurs in chronic viral infec-

tions due to prolonged antigen stimulation.1 

Lymphocytic infiltration may also contribute to 

lymphopenia in COVID-19 patients. Lympho-

cytic infiltration has been reported in multiple 

organs, including the lungs, hepatic portal 

tract, kidneys, and myocardium.1  

In addition to lymphopenia, iron is central 

to erythropoiesis and lymphocyte activity. 

Lymphocytes require iron to produce an 

effective immune response to infections when 

the cell initially interacts with the viral protein 

(antigen) or is primed.23 Therefore, iron 

dysregulation may also contribute to 

lymphopenia and long-COVID symptoms. 
 

Iron Dysregulation  

Iron dysregulation has been associated with 

severe acute COVID-19 infections, producing 

hyperferritinemia (elevated ferritin concen-

trations), and has been shown to persist for up 

to 2 months post-acute infection.22,24 During 

inflammation, the cytokine IL-6 is released, 

which stimulates hepcidin synthesis. There-

fore, the hepcidin stimulation functions as a 

host defense mechanism by limiting iron 

availability to invading organisms.11,23,24 

Hepcidin, a peptide hormone produced by 

the liver, is central to iron homeostasis; it 

functions to inhibit iron absorption by inacti-

vation of ferroportin, the transmembrane prot-

ein responsible for iron exportation out of 

cells.21,25 Increases in hepcidin inhibits the 

release of iron from cells, thus, increasing 

ferritin concentrations, causing hyperferritin-

emia, in both serum and macrophages.11,23 This 

hyperferritinemia alters iron metabolism, affe-

cting red blood cell (RBC) indices and leading 

to apoptosis, termed ferroptosis, which is a 
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type of necrosis induced by excessive iron. 

Ferroptosis may also cause neighboring tissue 

damage, which further exacerbates inflam-

mation creating a vicious cycle and continued 

inflammatory response.11,24,26 Interestingly, a 

study by Ehsani found sequence similarities 

between the SARS-CoV-2 spike protein and 

hepcidin, suggesting SARS-CoV-2 could possibly 

have a hepcidin-mimetic effect, further 

exacerbating the effects of hepcidin.27 This 

brings into question whether hepcidin upreg-

ulation is due to host defense or a pathological 

process due to COVID-19.  
 

Coagulopathy 

It is well established that inflammation plays a 

crucial role in infections and often activates 

clotting and impairs fibrinolysis promoting thr-

ombosis. In long-COVID, it has not been clearly 

defined whether inflammation is the cause or 

effect of coagulopathy. Coagulopathy is the 

dysregulation of the coagulation system res-

ulting in inappropriate coagulation or bleed-

ing. A simplified diagram of the coagulation 

cascade with select anticoagulant factors and 

part of the fibrinolytic system is presented in 

Figure 2. Coagulopathies are the most frequ-

ently identified hematologic abnormality in 

COVID-19 infections, including low platelet 

counts (thrombocytopenia), low fibrinogen 

(fibrinogenemia), and an elevated D-dimer.4,16 

This has been coined “COVID-induced coag-

ulopathy” (CIC) or “COVID-19-associated coag-

ulopathy” (CAC).4,17  
 

 
Figure 2: Simplified diagram depicting the coagulation cascade with the intrinsic pathway (measured using 
activated partial thromboplastin time [aPTT] in orange, the extrinsic pathway (measured using prothrombin time 
[PT]) in green, and the common pathway (measured using both PT and aPTT) in purple. Select anticoagulant 
factors and where they act on the cascade are presented in blue. A small segment of the fibrinolytic system is 
also depicted (red) for convenience. 
Abbreviations: Aantithrombin (AT); activated protein C (APC); tissue factor pathway inhibitor (TFPI).  
Modified from Keohane EM, Otto CN, Walenga JM. Rodak's Hematology: Clinical Principles and Applications. Sixth 
edition. ed. St. Louis, Missouri: Elsevier; 2020. 
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Prothrombin time (PT) and activated 

partial thromboplastin time (aPTT), which are 

laboratory tests used to analyze the coag-

ulation system, may be prolonged in acute 

COVID-19.4 These features were found to be 

due to a prothrombotic state, in conjunction 

with hypo fibrinolysis, caused by COVID-19.28 A 

study by Pretorius et al. demonstrated that 

inflammation induced hypercoagulation, hyp-

eractive  platelets  (figure 3),  and  ineffective 

Figure 3: Fluorescence microscopy depicting the 
hyperactivity of platelets in acute COVID (C & D) 
and long-COVID (E to H) in comparison to 
minimally activated control platelets (A & B).  
From Pretorius E, Vlok M, Venter C, Bezuiden-
hout JA, Laubscher GJ, Steenkamp J, et al. 
(2021). Persistent clotting protein pathology in 
Long COVID/Post-Acute Sequelae of COVID-19 
(PASC) is accompanied by increased levels of 
antiplasmin. Cardiovasc Diabetol, 20(1), 172. 
PMC8381139 (Open access journal). 

 

fibrinolysis occurs in both acute and long-

COVID patients.28 Hyperactive platelets, which 

results in inappropriate  coagulation,  may  be 

the cause of thrombocytopenia in some long-

COVID patients; however, it may also be due to 

platelet aggregation with leukocytes and/or 

engulfment by leukocytes.28,29 Furthermore, 

with persistent symptoms such as shortness of 

breath noted up to 6 months post-acute inf-

ection, the symptoms may be due to fibri-

nolytic-resistant clotting, which blocks blood 

flow causing ineffective oxygen exchange.28 

Again, the cytokine storm induced by SARS-

CoV-2 may be central, due to disease patho-

logy and the resulting hyperinflammatory 

state, leading to inappropriate endothelial cell 

activation and coagulation cascade activa-

tion.4,28 Furthermore, release of TNF-𝛼 has 

been shown to induce the release of ultra large 

von Willebrand factor (UL-VWF) multimers 

from vascular endothelial cells.29 UL-VWF is 

normally fragmented into small multimers, 

producing functional VWF, which is required 

for platelet adhesion. The UL-VWF augments 

thrombus formation due to the larger size. The 

cytokine storm also causes dysregulation of the 

anticoagulant systems, where antithrombin III, 

tissue factor pathway inhibitor (TFPI) and prot-

ein C have been affected (Figures 1 and 2).4 

Elevated markers of fibrinolysis were also 

identified, suggesting fibrinolysis was taking 

place, however, ineffective compared to 

coagulation.28 Serum amyloid A (SAA) type 4 

was found to be significantly increased in 

fibrinolytic-resistant clots of long-COVID 

samples. SAA is an acute phase protein, which 

increases during inflammation and has been 

shown to bind fibrin, promoting coagulation 

and thrombus formation.30 

Thrombosis can lead to serious 

complications, including vascular occlusion 

resulting in tissue hypoxia due to the lack of 

blood flow and oxygen, which was seen in 

select patients who suffered from ischemic 

strokes, limb ischemia and myocardial 

infarctions.4,17 This indicates abnormal 

coagulation parameters are significant in post-

acute COVID-19 infections and should be 

investigated during the recovery phase to 

prevent serious consequences.  

 

Methods 

A systematic search for literature, which 

assessed the hematologic parameters and 
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discussed possible connections to post-acute 

COVID-19 symptoms, was completed following 

the PRISMA (Preferred Reporting Items for 

Systematic Reviews and Meta Analyses) 

guidelines.31  
 

Search Strategy 

The search strategy used key terms associated 

with the scope of this study. The key terms 

were combined in searches to further refine 

literature. Key terms included “post-acute 

COVID” OR associated synonyms, which was 

then combined with “hematology” OR “bio-

markers” OR “coagulation” OR “lymphocyte” 

OR “inflammation” OR other terms and 

associated synonyms as defined in table 1. 
 

Table 1: Primary key terms with synonyms used in 
data collection 

Key term Synonyms 

Post-acute 
COVID 

Post-acute COVID syndrome, long-

COVID, COVID long-hauler(s), post-

acute COVID sequelae, chronic COVID.  

± hyphens. 

Interchange COVID with “Covid” OR 

“SARS-CoV-2” OR “coronavirus” ± “19” 

OR “nCoV2” 

Hematology Hematologic, clinical hematology. 

Interchange European (haematology) 

and American (hematology) spelling. 

Biomarkers Laboratory biomarker(s), parameter(s), 

laboratory parameter(s), clinical 

laboratory parameter(s), markers.  

Interchange laboratory with “lab”. 

Coagulation D-dimer, fibrin degradation products 

(FDP), plasmin, plasminogen. 

 

Lymphocyte Leukocyte, leucocyte, lymphopenia, 

leukopenia. 

 

Ferritin Hyperferritinemia, hyperferritin, iron, 

iron dysregulation. 

Hemolysis Hemolytic anemia  

Interchange European (haemolytic) and 

American (hemolytic) spelling. 

 

Anemia Anemic. 

Interchange European (anaemia) and 

American (anemia) spelling. 

 

Five electronic databases were used to 

search the relevant terms and synonyms. The 

databases used included:  

- PubMed 

- Google Scholar* 

- Science Direct** 

- Griffith University Library*** 

- Cochrane  

*Time range was adjusted to articles from 2020 

to present to reduce non-specific results. 

**Advanced search was used for Science Direct. 

Key terms were searched in the “Title, 

abstract or author-specified keywords” to 

reduce non-specific results, due to high 

numbers of out-of-scope results.  

***Search was refined to “Journal Articles.” 
 

Inclusion Criteria 

The PRISMA guidelines were used to formulate 

and refine the study methods (Figure 4).32 

Initially, duplicates were removed using 

EndNote 20. Studies were then screened, and 

selected studies were sought for retrieval and 

assessed for eligibility. Eligibility was 

determined as follows:  

1. Number of patients (at least 10 

participants),  

2. Tests completed (hematologic parameters, 

e.g., D-dimer, hemoglobin, leukocyte 

counts, etc.), and  

3. Timing of testing (negative COVID-19 PCR 

or minimum 1 month after onset of 

symptoms).  

Literature was limited to English and original 

research articles. Though other types of arti-

cles were excluded, their reference lists were 

analyzed for relevant articles.  
 

Exclusion Criteria 

Reports without hematologic parameters were 

excluded. Single case studies and articles 

without full text were excluded. Studies 

reporting on acute-phase parameters were 

excluded (parameters during an active 

infection). No restrictions were placed on sex, 

age, or ethnicity.  

 

Results 
 

Literature Search Results 

Figure 4 depicts the results of the PRISMA 

guided database searches, which identified a 

total of 3221 publications using the search 

terms presented in table 1. After removal of 
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Figure 4: PRISMA flow chart using key terms as outlined in Table 1 (12/11/2021).31 Adapted from Page MJ, 
McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. (2021). The PRISMA 2020 statement: An 
updated guideline for reporting systematic reviews. Int J Surg, 88, 105906. 
Key:* Studies sourced and retrieved from other articles.  
Abbreviations: Griffith University (GU); risk of bias (ROB). 

 

duplicates, there was 1308 potentially eligible 

articles. Initial screening of titles and abstracts 

resulted in 24 possible articles, which were 

sought for retrieval and assessed for eligibility. 

After eligibility and risk of bias (ROB) assess-

ment, a total of 14 articles were included in 

this review.  
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Quality Assessment and Risk of Bias  

Studies meeting the inclusion criteria were 

assessed using the Specialist Unit for Review 

Evidence (SURE) Critical Appraisal Tool (CAT) 

to limit bias.33 The SURE CAT method was 

selected as it presents a straightforward 

appraisal of the selected studies. Bias was 

assessed by awarding a score of “1” to any 

checklist criteria met and a “0” for unmet 

criteria. A percentage for each study evaluated 

was allocated based on met criteria and only 

studies with a score equal to or above 70% were 

included (Tables 2a and 2b).  

Sixteen studies were evaluated against 

the 10 checklist criteria, each was scored as 1 

(criteria met) or 0 (criteria not met). Only 

studies meeting ≥70% of criteria were 

included. Fourteen studies passed appraisal 

and were included in the systematic review. 

Two articles had a score of <70%. These studies 

were excluded as they did not have a score of 

≥70% and were therefore deemed unreliable. 

Although all the studies included in the review 

reported statistical significance, only 6 out of 

the 14 studies included reference ranges (RR) 

in the reported results (Table 3). Without the 

respective RR, it was difficult to determine the 

clinical significance of the reported results. 

Due to the variable scopes of the included 

studies, Table 3 provides a summary of the 

articles and indicates if the respective articles 

included RR in the reported results for 

comparison in this analysis.  

 

Table 2a: Table of Critical Appraisal with Checklist Criteria Adapted from SURE CAT  
(Specialist Unit for Review Evidence (SURE), 2018).33  

Critical Appraisal Checklist Criteria 
Articles 

2 9 10 11 12 13 15 24 

Is the study design clearly stated? 1 1 1 1 1 1 1 1 

Does the study address a clearly focused question? 1 0 1 1 1 1 0 1 

Are participant characteristics provided? 1 1 1 1 1 1 1 1 

Number of participants (≥10)  1 1 1 1 1 1 1 1 

Test timing (negative COVID PCR or min. 1 month after symptom onset) 1 0 1 1 1 1 1 1 

Are the statistical methods well described? 1 1 1 1 1 1 0 1 

Were coagulation or D-dimer tests performed? 1 1 1 1 1 1 1 0 

Were ferritin or inflammation markers (e.g., CRP) analysed?  1 0 1 1 1 1 1 1 

Were leukocyte or lymphocyte analysis performed?  0 1 1 1 1 1 1 1 

Platelet-related disorders or confounding addressed? 1 0 0 0 1 1 0 0 

Results out of 10 9 6 9 9 10 10 7 8 

Percentage Score (%) 90 60 90 90 100 100 70 80 

Included or Excluded In. Ex. In. In. In. In. In. In. 

Abbreviations: Polymerase chain reaction (PCR); C-reactive protein (CRP); included (In); excluded (Ex). 

 

Table 2b: Table of Critical Appraisal with Checklist Criteria Adapted from SURE CAT  
(Specialist Unit for Review Evidence (SURE), 2018).33 

Critical Appraisal Checklist Criteria 
Articles 

28 37 38 39 40 41 42 67 

Is the study design clearly stated? 1 1 1 1 1 1 1 1 

Does the study address a clearly focused question? 1 1 1 0 1 1 1 1 

Are participant characteristics provided? 0 1 1 1 1 1 1 0 

Number of participants (≥10)  1 1 1 1 1 1 1 1 

Test timing (negative COVID PCR or min. 1 month after symptom onset) 1 1 1 1 1 1 1 1 

Are the statistical methods well described? 1 1 1 0 1 1 1 0 

Were coagulation or D-dimer tests performed? 1 1 1 1 1 1 1 0 

Were ferritin or inflammation markers (e.g., CRP) analysed?  1 1 1 1 1 1 1 0 

Were leukocyte or lymphocyte analysis performed?  0 1 1 1 1 1 1 1 

Platelet-related disorders or confounding addressed? 1 0 1 1 1 1 1 0 

Results out of 10 8 9 10 8 10 10 10 5 

Percentage Score (%) 80 90 100 80 100 100 100 50 

Included or Excluded In. In. In. In. In. In. In. Ex.  

Abbreviations: Polymerase chain reaction (PCR); C-reactive protein (CRP); included (In); excluded (Ex). 
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Table 3: Scope of included studies in analysis and indication if reference ranges (RR) were included in respective 

studies. 

Article Scope of study RR 

2 Grouped COVID recovered patients based on DD levels (normal vs high). Y 

10 Compared post-severe COVID-19 in patients at discharge, 1 and 3 months. Y 

11 Post-COVID-19 assessment of patients with PS after hospital discharge. Y 

12 Compared symptomatic and asymptomatic long-COVID-19 patients. N 

13 
Compared patients whose musculoskeletal symptoms were aggravated post-COVID-19 infections 
vs. no change post-COVID-19.  

N 

15 Assessed post-COVID-19 patients with PS post-hospital discharge.  N 

24 Post-hospital COVID patients; compared mild, moderate and severe patients. N 

28 Investigated coagulopathies in long-COVID using proteomics. N 

37 
Investigated persistent endothelial activation in long-COVID-19. Compared convalescent patients 
with controls. 

Y 

38 
COVID-19 recovered patients with persistent cardiac symptoms; compared positive CMR and 
negative CMR imaging patients. 

N 

39 Assessed post-hospital discharge COVID-19 patients.  N* 

40 Compared post-COVID patients with normal vs. abnormal CT scans. Y 

41 Post-COVID-19 recovery assessment in patients with PS vs non-PS.  Y 

42 Post-COVID-19 recovery assessment in patients with PS vs non-PS N* 

* No RR provided, however, indicated if results were within, above or below RR. 
Abbreviations: No (N); yes (Y); cardiac magnetic resonance (CMR); persistent symptoms (PS); D-dimer (DD); computed 
tomography (CT). 

 

Data  

The data extraction information was adapted 

from the Centre for Reviews and Dissemination 

guidelines (2009).34 Tables 4a, 4b, and 4c pre-

sent the extracted data of the included 

studies. The information extracted includes: 

- General information: date & identification 

features of study  

- Study characteristics: study design 

- Participants: number, age, gender, confo-

unding factors 

- Analysis: parameters tested/reported  

Variable units were used throughout all 

studies, for the purposes of accuracy, the units 

reported by the studies were kept as is. 

 

 

Table 4a: Extracted Data included in Review 

Articles N Age (years, mean) Gender Study N in laboratory tests 

2 150 47.3 ±15.4 F = 85, M = 65 Retrospective 150 

10 199 60.5 ±13.9 F = 73, M = 126 Prospective Variable◆ 

11 75 72 ±7 F = 33, M = 42 Retrospective 75 

12 315 47.9 ±14.8 F = 158, M = 157 Retrospective 351 

13 280 47.45 ±13.92 F = 183, M = 97 Retrospective 182 

15 384 59.9 ±16.1 F = 38, M = 62 Retrospective Variable◆ 

24 109 58 ±14 F = 44, M = 65 Retrospective 109 

28 11 55.7 ±5.8 F = 8, M = 3 Observational 11 

37 50 50 ±17 F = 20, M = 30 Retrospective 50 

38 109 58 ±14 F = 44, M = 65 Retrospective 109 

39 767 63 ±13.6✧ F = 252, M = 515 Retrospective Variable◆ 

40 94 48.11 ±11.9 F = 40, M = 54 Retrospective 94 

41 1021 Variable◆ F = 256, M = 764 Retrospective Undefined◆ 

42 116 41✧ F = 17, M = 99 Retrospective Undefined 

◆ See respective article for further details 

✧ Median 
Abbreviations: Female (F); male (M).  
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Table 4b: Extracted Data included in Review (Continued)  

Articles Test timing Confounding factors 

2 6 weeks post symptoms or HD HTN (18%), DM (9.3%) ◆ 

10 1- and 3-months post HD 44.4% HTN✤, 25.6% CVD✤, & more◆. 

11 60 days post HD N/A 

12 1 month post-acute 20.6% smokers, 42.2% had comorbidities◆ 

13 Neg. COVID-19 PCR. Anticoagulant therapies indicated 

15 Median 54 days 41.9% HTN, 9.7% IHD & more◆ 

24 Mean 60 (±12) days post symptom onset N/A 

28 2 months post symptom onset N/A 

37 Median 68 days post-symptom 62% had comorbidities◆ 

38 Mean 60 (±12) days post symptom onset 8% HTN. CVD patients excluded. 

39 Median 81 days post HD HTN (21.7%), CAD (9.5%) ◆ 

40 1 year post HD HTN (17.02%), DM (9.57%) ◆ 

41 Neg. COVID-19 PCR. 5.7% HTN 

42 Median 66 days post symptom onset Patients with comorbidities excluded 

◆ See respective article for further details 

✤ Not all participants included 
Abbreviations: Hospital discharge (HD); hypertension (HTN); diabetes mellitus (DM); cardiovascular disease (CVD); polymerase 
chain reaction (PCR); ischemic heart disease (IHD); coronary artery disease (CAD). 
 

Table 4c: Extracted Data included in Review (Continued)  
Articles D-dimer Ferritin CRP Lymphocyte 

2 327 ng/mL N/A 1.23 mg/mL N/A 

10 
1 mo. 446 μg/L 

3 mo. 322 μg/L 

1 mo. 179 μg/L 

3 mo. 95 μg/L 

1 mo. 5.6 mg/L 

3 mo. 2.7 mg/L 

1 mo. 29.6% 

3 mo. 31.4% 

11 900.71 ng/mL 496.24 ng/mL 9.12 mg/L N/A★ 

12 0.44* 65.3* 62.55* 26.7* 

13 
S: 0.38* 

AS: 0.26* 

S: 117* 

AS: 75* 

S: 5.4* 

AS: 4.45* 

S: 1.82* 

AS: 2.16* 

15 384 ng/mL 169 μg/L 1 mg/L 1.94 x 109/L 

24 N/A 

Mild = 139 μg/L 

Mod = 260 μg/L 

Severe = 317 μg/L 

Mild = 0.2 mg/dL 

Mod = 0.2 mg/dL 

Severe = 0.4 mg/dL 

Mild = 5.7x109/L 

Mod = 6.1x109/L 

Severe = 6.4x109/L 

28 ★ N/A ✦ N/A 

37 377 ng/mL N/A 1.1 mg/mL ★ 

38 0.28 μg/mL N/A 1.4 mg/L 1.6x109/L 

39 700 ng/mL ±1021 N/A 0.36 mg/dL ±0.85 ◼︎
 

40 
NCT = 290 μg/L 

ACT = 290 μg/L 
N/A 

NCT = 5 mg/L 

ACT = 15 mg/L 

NCT = 1.69x109/L 

ACT = 1.18x109/L 

41 
Measured, but not 
defined◆ 

Measured, but not 
defined◆ 

Measured, but not 
defined◆ 

Measured, but not 
defined◆ 

42 ★ 
PS: 191.48 μg/L 

NPS: 177.03 μg/L 

PS: 0.41 mg/dL 

NPS: 0.41 mg/dL 

PS: 29.62% 

NPS: 31.77% 

★ Other associated parameters (e.g., fibrinolytic markers, inflammation markers, or leukocyte counts).  
* No units provided. 

✦ Reports fold change between healthy controls and long-COVID. 

◼︎ Reports number of patients within specified ranges.  

◆ See respective article for further details. 
Abbreviations: C-reactive protein (CRP); month (mo); symptomatic (S); asymptomatic (AS); moderate (Mod); normal computed 
tomography (NCT); abnormal computed tomography (ACT); persistent symptoms (PS); non-persistent symptoms (NPS). 

 

Discussion 

Two years after the emergence of the novel 

SARS-CoV-2 virus, some patients continue to 

experience symptoms in the absence of an 

active infection. After a systematic literature 

search and ROB assessment, 14 studies that 

investigated hematological parameters in 

patients with persistent symptoms (PS) were 

included in the analysis. Though the included 

articles addressed statistical significance, 

clinical significance was often omitted or 

overlooked. The statistical significance of the 

included articles may indicate the reliability of 

the results; however, clinical significance 

indicates the impact the results have in clinical 

practice.35 The statistical significance of 

results addresses the second aim of this 

review, while the clinical significance 

addresses the third aim; therefore, both 
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statistical and clinical significance are taken 

into consideration.  

Lymphopenia  

Lymphopenia is frequently reported in acute 

COVID-19 infections and has been hypothesized 

to contribute to symptoms seen in the post-

acute phase.16,36 Twelve of the 14 included 

studies reported lymphocyte or leukocyte 

counts (Table 4c). Out of these 12 studies, 5 

reported no statistically significant difference 

in lymphocyte/leukocyte counts between their 

respective comparison groups.11,12,24,37,38 RR 

was included in the studies by Fogarty, et al. 

and Pasini, et al., and showed all participants 

to be within the reported RR.11,37 The 

remaining 7 studies found either statistically or 

clinically significant differences. Bakilan, et 

al. and Venturelli, et al. found statistically 

significant differences in lymphocyte/ 

leukocyte count between their comparison 

groups, however, did not include RR with their 

results; therefore, it could not be established 

if the results were clinically significant.13,39 

Darcis, et al. and Zhao, et al. found 

statistically significant differences between 

the comparison groups and included RR in the 

results.10,40 When comparing the results to the 

included RR, the lymphocyte/leukocyte counts 

were still within the accepted RR, indicating 

although there is a statistical difference 

between the groups, it was not clinically 

significant. The study by Mandal, et al. 

reported 7.3% of the 247 participants showed 

persistent lymphopenia and Mannan, et al. 

found lymphopenia in 3% of patients 

experiencing PS, however, ~50% of 

asymptomatic patients also had 

lymphopenia.15,41 In the study by Varghese, et 

al., 12% of participants were found to have 

lymphopenia, where 31% of these participants 

had PS and 9% had none.42 Furthermore, the 

results reported 91.07% of the cohort was 

within RR, however, it was undefined what 

percentage had PS and what percentage did 

not.42 These results indicate some patients will 

experience lymphopenia with post-acute 

COVID-19; however, it is not a common 

abnormality nor a reliable indicator of PS. 

Further follow-up results were not available; it 

is undetermined if the lymphocyte population 

returned to within RR for patients with 

lymphopenia.  

Although Varghese, et al. indicated not 

all patients with lymphopenia had PS post-

COVID, a significant difference was noted in 

immunoglobulin A (IgA) concentration between 

patients with and without PS.42 The study 

indicated IgA concentrations at certain time 

points in disease progression may be central to 

PS. High concentrations of IgA during the acute 

phase can indicate or predict severe disease, 

while high concentrations post-acute indicates 

less PS. IgA antibodies are produced by B 

lymphocytes, or plasma cells, in the lamina 

propria, and transported to the mucosal 

surface via receptors to aid in the defense 

against invading pathogens.19 Although 

lymphopenia was not found to be a common 

factor in patients with PS, the association of PS 

and reduced IgA may indicate either a 

pathogenic mechanism of SARS-CoV-2 affecting 

B lymphocytes or an ineffective immune 

response. Only one study evaluated the 

immunoglobulins post-COVID-19 infections; 

future analyses can elucidate if this is in fact a 

common factor among other cohorts.  

A study by Gao, et al. analyzed the 

frequencies of T lymphocyte subsets in both 

acute and convalescent patients.43 The results 

showed decreased lymphocytes, total T cells, 

CD4+ T cells and CD8+ T cells during the acute 

phase of infection and a further reduction 

noted post-acute infection. B lymphocytes 

were not assessed. Similarly, a review by 

Ramakrishnan, et al. indicated the ability of 

SARS-CoV-2 to impair T lymphocyte 

functionality, leading to immune exhaustion, 

thus facilitating long-COVID symptoms.1 This is 

supported in the study by Peluso, et al., which 

found patients with PS had decreased CD8+ T 

lymphocyte responses over time.44 In contrast 

to these findings, an additional study found 

patients with PS had increased and sustained T 

lymphocyte activity in the late convalescent 

phase and patients without PS had a gradual 

decrease in T lymphocyte activity over time.45 
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This suggests immune overactivity may be a 

cause of PS. No difference was found in B 

lymphocyte activity between patients with or 

without PS in the study by Files, et al.45 

Interestingly, the study by Phetsouphann, et 

al. analyzed 24 cell clusters 3 months post-

acute COVID-19 infection, which showed 5 

lymphocyte subsets were absent in long-COVID 

patients.18 A further 3 remained absent when 

analyzed at the 8-month interval, which 

included CD8+ and CD4+ T lymphocytes and B 

lymphocyte subsets. Furthermore, CD8+ T 

lymphocyte activation and exhaustion markers 

were also found to be higher in long-COVID 

patients. It was also identified that sustained 

monocyte and plasmacytoid dendritic cell 

activity occurred in the long-COVID cohort 

compared to the matched controls.18 These 

results indicate there is a decrease in certain 

lymphocytes in long-COVID patients with a 

chronic and sustained activation of a CD8+ T 

cell subset, monocytes and plasmacytoid 

dendritic cells, which may contribute to long-

COVID symptoms. Other theories described in 

literature surrounding the cause of 

lymphopenia include viral bone marrow 

suppression or immunosuppression, resulting in 

not only lymphopenia, but also at times 

neutropenia and thrombocytopenia.17,46 There 

are multiple studies reporting neutropenia, 

however, it was not addressed in the articles 

included for this review.47-49  
 

Blood Morphological Changes  

Studies with morphological analysis of 

peripheral blood (PB) smears on long-COVID 

patients are limited. There are, however, 

studies analyzing morphology during the acute 

phase. Of particular interest are the dysplastic 

myelocyte features, such as neutrophils with 

pseudo-Pelger-Huët anomalies, which are 

atypical for viral infections and have only been 

evident in human immunodeficiency virus (HIV) 

infections.50-52 Analysis of the blood 

morphological features in PB of long-COVID 

patients could be useful to determine the 

persistence of abnormal cells and potential 

contributors to PS. 

 Although studies on the PB of post-acute 

COVID-19 patients are significantly limited, 

flow cytometry cell analysis has been 

completed. The study by Kubankova, et. al 

investigated 14 post-acute COVID-19 patients 

who were, on average, 7 months post-

infection, using real-time deformability 

cytometry (RT-DC).53 RT-DC is a fast and high-

throughput method of analysis the 

phenotypical features of cells. The study found 

marked changes in cell phenotypes during the 

acute phase, including smaller erythrocytes 

with decreased deformability, monocytes with 

increased cell size, and lymphocytes with 

decreased stiffness. Some of these 

abnormalities were also noted in the post-

acute COVID-19 group indicating the effects of 

COVID-19 persists in the hematologic system 

for some time. There was a significant 

difference in the deformation of erythrocytes 

between the post-acute COVID-19 cohort and 

the acute and healthy cohorts; the 

erythrocytes had not returned to “healthy 

state” in the post-acute COVID-19 group.53 A 

study by Thomas, et al. found oxidative stress 

induced by COVID-19 infections resulted in 

damage of essential erythrocyte proteins.54 

Mature erythrocytes cannot repair or 

resynthesise these proteins; the persistence or 

survival of these damaged cells, possibly due 

to lack of splenic clearance or inefficient 

damage to induce hemolysis, may contribute 

to ineffective oxygen transport, resulting in 

the symptoms seen in long-COVID sufferers.54 

Furthermore, the study by Kubankova, et al. 

found lymphocyte size and deformation was 

not significantly different from the heathy 

control group, however, the analysis of 

neutrophil parameters indicated significant 

changes between the post-COVID-19 and 

healthy groups, including cell cross-sectional 

area, volume, and deformation.53 

Interestingly, the study by Kannan and 

Soni, which analyzed the PB smears of acute-

phase COVID-19 patients, found one patient, 

approximately 100 days post COVID-infection, 

had presented with neutrophilic nuclear 

abnormalities, coined by the authors as 
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acquired neutrophilic nuclear projections 

(ANNP).55 

There are no clear diagnostic criteria 

regarding lymphopenia, PB abnormalities and 

long-COVID yet, however, there is evidence 

the absence of certain lymphocyte subsets or 

sustained activation of immune cells may have 

a connection to long-COVID symptoms. In 

addition, lymphocyte abnormalities, dysregu-

lated inflammation was also reported in long-

COVID patients, which results in high ferritin 

and CRP.  
 

Iron Dysregulation and C-Reactive Protein 

(CRP) 

Ferritin and CRP are seen in the acute-phase 

response during inflammation.19 Of the 14 

studies included, 8 reported results for ferritin 

analysis (Table 4c). Only one study found no 

significant difference in ferritin between their 

comparison groups.13 The remaining 7 studies 

reported a significant difference in ferritin 

results between the respective comparison 

groups. Four studies reported a statistically 

significant increase in ferritin; however, RR 

was not stated and, therefore, it could not be 

determined if there was any clinical 

significance.12,15,24,42 The remaining three 

studies showed a clinically significant increase 

in ferritin. Darcis, et al. reported ferritin 

concentrations above the RR at hospital 

discharge, which normalized at the 1 and 3-

month assessment. ~37% of symptomatic and 

~40% of asymptomatic participants in the study 

by Manna, et al. had ferritin concentrations 

above RR, indicating possible persistent 

inflammation in the absence of an active 

COVID-19 infection.10,41 Similarly, ferritin 

concentrations were above RR in both male 

and female participants in the study by Pasini, 

et al.11 As stated earlier, the SARS-CoV-2 spike 

protein was found to have sequence 

similarities to hepcidin, which may play a role 

in the hyperferritinemia seen in post-acute 

COVID-19.  

Furthermore, Sonnweber, et al. 

identified iron deficiency anemia in 30% of 

their participants two months post-acute 

COVID-19. Of these participants, 90% had 

severe acute COVID-19 infections.24 Eighty 

percent of participants in another study had 

clinically significant low hemoglobin 

concentrations.11 This suggests it may be 

beneficial to include iron studies as part of a 

panel for laboratory investigations into long-

COVID. 

All studies reported CRP results. Six 

studies reported no significant increase in CRP, 

or the CRP results were within the RR. 
2,13,24,37,38,42 Three of the studies reported a 

statistically significant increase in CRP in 

patients with PS, however, it was unclear if the 

increase was clinically significant (no RR for 

comparison).12,15,28 The remaining 5 studies 

reported CRP above the RR. Darcis, et al. 

found CRP decreased at 1 month and within RR 

at the 3 month follow up, indicating a gradual 

return to normal concentration.10 

The results indicate hyperferritinemia 

and elevated CRP may be a consequence of 

COVID-19 infections, however, these markers 

are non-specific and, hence, may not be 

specific to long-COVID and PS. Nevertheless, 

the presence of hyperferritinemia and 

elevated CRP in recovered patients, with or 

without PS, indicates there is iron 

dysregulation and/or persistent post-acute 

inflammation. Evidence of persistent and 

sustained inflammation was evident in a study 

by Phetsouphanh, et al., which found 

persistently elevated IFN-β and IFN-λ1 in the 

long-COVID cohort compared to matched 

controls.18 Inflammation is known to affect the 

coagulation system, resulting in 

coagulopathies. This has been noted in both 

acute and post-acute COVID-19 infections.  
 

Coagulopathies 

Coagulopathies are a well-known consequence 

of COVID-19. There is evidence SARS-CoV-2 

invades vascular endothelial cells, resulting in 

endothelial dysfunction, which triggers a 

procoagulant environment and, along with the 

hyperinflammatory response, results in 

endothelitis.17,28 This systematic analysis 

revealed that three of the 14 studies found D-

dimer results to be within RR or found no 
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statistical significance (Table 4c).37,38,40 Eight 

studies found either statistically or clinically 

significant increases in D-dimer in affected 

participants. Two studies had further follow-

up results and reported a decrease in the D-

dimer over time, indicating the resolution of 

COVID-19 induced coagulopathy. The study by 

Mannan, et al. Mannan, et al. 41, which 

compared symptomatic and asymptomatic 

participants, found elevated D-dimer in both 

cohorts at similar frequencies; approximately 

40%. Similarly, found high D-dimer in ~38% of 

their participants.39 In addition, Pretorius, et 

al. reported significant failure in the 

fibrinolytic processes in convalescent patients, 

which was evidenced by the presence of clots 

that were resistant to fibrinolysis.28 These 

results indicate there is a combination of 

hypercoagulation and hypo fibrinolysis 

occurring in some post-COVID patients. 

 Although an increased D-dimer is not 

exclusive to patients with PS, it is still a 

significant marker. This is highlighted in a 

retrospective case study concerning an 82-

year-old Japanese male whose autopsy findings 

indicated the patient died due to portal and 

mesenteric vein thrombosis.56 This thrombosis 

caused portal hypertension, which conse-

quently resulted in extensive gastrointestinal 

necrosis. The patients’ D-dimer was reported 

to be consistently elevated, which emphasizes 

the importance of investigating persistent 

coagulopathies in post-acute COVID-19 cases, 

particularly persistently elevated D-dimer in 

post-acute COVID-19, which may be valuable in 

determining patient care and treatment to 

prevent fatal thrombotic events.  

Other markers of the coagulation system 

may also provide insights into the 

hypercoagulable state of some patients. 

Interestingly, although the D-dimer has been 

found to be within the RR of some patients, a 

significant increase in factor VIII has been 

found in convalescent patients.37 No RR was 

reported however; thus, clinical significance is 

undetermined.37 Similarly, another study also 

found significantly increased factor VIII in 

convalescence patients.17 A comparison of 

fibrinogen between participants with and 

without PS indicated higher fibrinogen 

(hyperfibrinogenemia) in individuals with PS 

(311.65±78.52 mg/dL) compared to those 

without (294.34 ±48.33 mg/dL).42 Though 

these results are not statistically significant, it 

may indicate there is more deranged 

coagulation occurring in individuals 

experiencing PS. Interestingly, the finding of 

hyperfibrinogenemia was noted to be contrary 

to other literature, which reported 

fibrinogenemia, indicating there may be 

variations in coagulopathy patterns among 

long-COVID patients.4,16 Furthermore, an 

article by Fan, et al. reported significant 

thrombotic events in 4 young patients (median 

38.5 years of age). Laboratory analysis of these 

patients showed increased factor VIII, VWF, D-

dimer and hyperfibrinogenemia.57 Although 

these results are not exclusive to patients with 

PS, analysis of patients’ coagulation profile, 

including D-dimer, fibrinogen, factor VIII, and 

VWF, may be beneficial in determining post-

acute COVID-19 care and to prevent significant 

thrombotic events. Although lymphopenia, 

iron dysregulation/inflammation and coagulo-

pathies are the predominant reported abnor-

malities in long-COVID, some studies have also 

found other abnormalities secondary to COVID-

19 infections.  
 

Abnormalities Secondary to COVID-19 

Infections 

Clinically significant abnormalities secondary 

to COVID-19 infections in post-acute patients 

has briefly been noted in the literature. 

Abnormalities include alterations in glucose 

metabolism, development of hemophagocytic 

lymphohistiocytosis (HLH) and autoimmune 

diseases.  
 

Abnormal Glucose Metabolism  

An increase in hemoglobin A1c (HbA1c) has 

been noted in post-acute COVID-19 patients 

who had no prior diabetes mellitus (DM) 

diagnoses.36,58 HbA1c is a glycated from of 

hemoglobin, which becomes elevated when 

plasma glucose levels are increased for long 

periods of time, as seen in DM.21 Multiple 
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studies have found patients with long-COVID 

have indications of altered glucose metabolism 

as evidenced by increases in HbA1c.58,59 HbA1c 

has been shown to increase blood viscosity, 

endothelial inflammation and vascular 

dysfunction, thus, elevated HbA1c may be the 

cause of or contribute to the coagulopathies 

and sustained inflammation seen in post-acute 

COVID-19.60 
 

Hemophagocytic Lymphohistiocytosis (HLH) 

Although rare, another consequence of COVID-

19 infection is secondary hemophagocytic 

lymphohistiocytosis (HLH), a life-threatening 

and rapidly progressive inflammatory 

syndrome leading to multiorgan failure.61,62 

Characteristics commonly seen in HLH includes 

excessive cytokines, cytopenia, and 

hyperferritinemia.62 These features have been 

seen in long-COVID, as discussed previously. 

Due to the high mortality rate seen with HLH, 

this is certainly a significant consequence 

associated with COVID-19 that should be given 

due consideration when assessing patients.63  
 

Autoimmune Diseases 

There have been multiple reports of immune-

related diseases developing after resolution of 

COVID-19 infections. One study reported seven 

cases of warm and cold autoimmune hemolytic 

anemia (AIHA), which developed after 

confirmed COVID-19 infection and without 

differential diagnosis.64 Furthermore, a case 

report presented a patient with immune 

thrombocytopenia (ITP) secondary to COVID-

19.65 Viral-induced ITP is caused when 

antibodies produced by B lymphocytes in 

response to the viral infection are cross-

reactive with thrombocytes, resulting in the 

antibodies binding to and causing the 

destruction of thrombocytes, leading to 

thrombocytopenia.66 

 

Limitations of the Review 

There are limited studies investigating the 

long-term effects of SARS-CoV-2 infection. 

Many of the studies did not include the results 

of all participants or had variable numbers of 

participants at different time points, thus, the 

study may not present an accurate 

representation of the study groups. 

Furthermore, the participants were not 

grouped based on age, ethnicity, sex, or 

comorbidities, therefore, it could not be 

determined if one group or characteristic was 

more prone to PS compared to others. None of 

the studies defined COVID-19 variants, 

therefore, it is unestablished whether one 

strain is more likely to cause long-COVID 

compared to others.  

 

Future Directions 

New emerging studies have found absent 

lymphocyte subsets or activity in long-COVID 

patients with sustained activation of other 

immune cells; studies correlating these results 

may allow for predictions of long-COVID and 

potential directed therapeutics. Further 

research into the cause and prevalence of 

elevated HbA1c and HLH in post-acute COVID 

patients may assist in determining the 

significance and requirements for further 

observation in potentially affected patients. 

Many of the studies included in this review 

were not solely focused on hematologic 

parameters, therefore, future analyses which 

focus on the hematologic system would be 

beneficial, which include the PB smears of 

long-COVID patients. Furthermore, there are 

many COVID-19 variants; none of the studies 

addressed which strains were detected or 

which were predominant in the respective 

cohorts. Future studies may reveal one COVID-

19 strain implicated in long-COVID more often 

than another. Finally, although comorbidities 

were addressed in the included studies, 

patients were not grouped according to 

comorbidities; elucidating which comorbidities 

are more often associated with long-COVID and 

whether there is a causal relationship may help 

with prognosis, recovery, and rehabilitation.  

 

Conclusion  

Although lymphopenia was not found to be 

exclusive to long-COVID patients, new studies 

are emerging with evidence of certain features 

exclusive to long-COVID. These studies have 
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shown there is an absence of T and B cell 

subsets, along with sustained activation of 

monocytes and plasmacytoid dendritic cells, in 

long-COVID, however these are not found in 

non-long-COVID cohorts. Collated evidence 

also suggests there is sustained inflammation 

occurring in long-COVID, which may drive the 

persistent signs and symptoms, including 

coagulopathies for which these is strong 

evidence, due to the elevated D-dimer seen in 

the majority of COVID-19 recovered patients. 

There is still limited research addressing long-

COVID and the effects seen in the 

hematological system, however, the evidence 

presented to date indicates the promise of 

elucidating the potential hematological causes 

and mediators of long-COVID. 
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