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a b s t r a c t 

Persistence of various symptoms in patients who have recovered from coronavirus disease 2019 (COVID- 

19) was recently defined as ‘long COVID’ or ‘post-COVID syndrome’ (PCS). This article reports a case of a 

58-year-old woman who, although recovering from COVID-19, had novel and persistent symptoms includ- 

ing neurological complications that could not be explained by any cause other than PCS. In addition to a 

low inflammatory response, persistence of immunoglobulin G anticardiolipin autoantibody positivity and 

eosinopenia were found 1 year after acute COVID-19 infection, both of which have been defined previ- 

ously as independent factors associated with the severity of COVID-19. The pathophysiological mechanism 

of PCS is unknown, but the possibility of persistence of the virus, especially in the nervous system, could 

be suggested with a post-infectious inflammatory or autoimmune reaction. 

© 2021 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 

I

s

e

C

s

6

e

i  

2  

e

d

+

C

5

n

t

p

t

S

t

c

o

h

1

l

ntroduction 

There is increasing evidence for the persistence of various 

ymptoms in patients who have recovered from coronavirus dis- 

ase 2019 (COVID-19), defined recently as ‘long COVID’ or ‘post- 

OVID syndrome’ (PCS) ( Tenforde et al., 2020 ). While markers as- 

ociated with the severity of COVID-19, such as interleukin-6 (IL- 

), immunoglobulin G (IgG) anticardiolipin autoantibodies (aCL), 

osinopenia and haemogram-derived ratios, have been described 

n the acute phase of the disease ( Bertin et al., 2020 ; Liang et al.,

020 ; Lindsley et al., 2020 ; Zhou et al., 2020 ), no biological mark-

rs have been proposed to date to predict PCS. 
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ase presentation 

Based on 1 year of follow-up, this article reports a case of a 

8-year-old woman who, although recovering from COVID-19, had 

ovel and persistent symptoms including neurological complica- 

ions. COVID-19 was diagnosed in March 2020 on the basis of a 

ositive SARS-CoV-2 reverse transcriptase polymerase chain reac- 

ion assay, and this was followed in June 2020 by positive anti- 

ARS-CoV-2 serology ( Table 1 ). She had asthma, arterial hyper- 

ension, insulin-dependent diabetes and overweight in her medi- 

al history (body mass index 35.3kg/m2). During the acute phase 

f COVID-19, the patient presented febrile hypoxaemic pneumo- 

ia with dyspnoea and cough, and required hospitalization in 

n intensive care unit without intubation. She was treated with 

zithromycine, hydroxychloroquine and ceftriaxone for 1 week. At 

 year follow-up, the patient still complained of asthenia, one 

eadache a week with insomnia, memory problems related to dy- 

executive syndrome, exertional dyspnoea (stage 2 according to the 

odified Medical Research Council scale), chest pain and digestive 

isorders (e.g. intermittent diarrhoea, bloating and belching). Her 
ty for Infectious Diseases. This is an open access article under the CC BY-NC-ND 
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Table 1 

Longitudinal follow-up of biological markers. 

Date 

Normal 

values 

2020/03/26 2020/06/17 2021/01/13 2021/02/17 2021/03/29 2021/04/07 

COVID-19 SARS-CoV-2 PCR Positive Ct = 28 N.A. N.A. Negative N.A. Negative 

SARS-CoV-2 serology N.A. N.A. N.A. Positive Positive Positive 

Haemocultures Sterile N.A. N.A. N.A. N.A. N.A. 

Haemogram Red blood cells (T/l) 4–5 4.28 4.61 N.A. 4.86 4.72 4.7 

Haemoglobin (g/dL) 12–15 11.3 12.2 N.A. 12.4 12.4 12 

Platelets (g/L) 150–400 229 377 N.A. 398 377 408 

White blood cells (g/L) 4–10 4.4 6.1 N.A. 6.1 6.5 5.9 

Neutrophils (g/L) 2–7.5 2.8 2.6 N.A. 2.3 3.1 2.9 

Eosinophils (g/L) 0.1–0.5 0 0.07 N.A. 0.1 0.08 0.06 

Basophils (g/L) 0–0.2 0.01 0.02 N.A. 0.02 0.02 0.01 

Lymphocytes (g/L) 1–4 1.4 3 N.A. 3.3 3 2.6 

Monocytes (g/L) 0.2–1 0.17 0.42 N.A. 0.39 0.36 0.29 

Neutrophil-to- 

lymphocyte 

ratio 

< 6.63 2 0.87 N.A. 0.7 1.03 1.12 

Platelet-to-lymphocyte 

ratio 

< 2.98 1.64 1.26 N.A. 1.21 1.26 1.57 

Neutrophil-to-platelet 

ratio 

< 2.98 1.22 0.69 N.A. 0.58 0.82 0.71 

Systemic 

immune-inflammation 

index 

< 13.87 4.58 3.27 N.A. 2.77 3.9 4.55 

Haemostasis Prothrombin time (%) > 70 110 122 112 110 122 106 

aPTT ratio < 1.2 1.1 0.9 0.9 0.9 0.9 1 

D-dimers (μg/mL) 0–0.5 N.A. 0.39 0.41 0.62 N.A. 0.53 

Fibrinogen (g/L) 1.8–4 6.95 5.36 5.49 5.85 N.A. 5.34 

Inflammatory 

markers 

C-reactive protein 

(mg/L) 

0–5 130 7.8 7.9 12.1 14.1 15.9 

Ferritin (μg/L) 30–280 N.A. N.A. N.A. N.A. N.A. N.A. 

Interleukin-6 (pg/mL) < 55 N.A. N.A. 7.76 14.82 20.63 9.82 

Blood ionogram Na (mmol/L) 136–145 136 140 139 138 138 139 

Cl (mmol/L) 98–107 99 103 101 102 99 102 

K (mmol/L) 3.4–4.5 4.16 4.72 5.24 4.64 4.13 4.73 

Ca (mmol/L) 2.15–2.50 2.17 N.A. N.A. N.A. 2.49 N.A. 

Renal function Creatinine (μmol/mL) 45–84 62.9 61.6 64.6 89 71 79 

GFR (CKD-EPI) 

(mL/min/1.74m ²) 
> 90 95 97 92 62 82 72 

Liver markers AST (UI/L) 0–35 31 N.A. N.A. 21 20 18 

ALT (UI/L) 0–35 25 N.A. N.A. 28 28 24 

GGT (UI/L) 0–40 71 N.A. 66 58 60 52 

Total bilirubin (μmol/L) 0–21 4 N.A. 5 5 6 7 

Alkaline phosphatase 

(UI/L) 

35–105 74 N.A. N.A. 97 106 91 

Tissue damage 

markers 

Lactodehydrogenase 

(UI/L) 

135–214 303 N.A. 192 N.A. 194 N.A. 

Creatine kinase (UI/L) 0–170 87 N.A. N.A. N.A. 120 N.A. 

Immunology: Antinuclear antibodies < 160 N.A. N.A. Negative Negative Negative Negative 

conventional 

antiphospholipid 

antibodies 

Anticardiolipin IgG 

(U/mL) 

< 15 N.A. 53.28 21.19 N.A. 20.41 24.4 

Anticardiolipin IgM 

(U/mL) 

< 15 N.A. 0.77 0.46 N.A. 2.06 1.75 

Anti-B2GP1 IgG (U/mL) < 8 N.A. 1.17 1.42 N.A. 0 0.68 

Anti-B2GP1 IgG (U/mL) < 8 N.A. 1.17 1.42 N.A. 0 0.68 

Anti-B2GP1 IgM 

(U/mL) 

< 8 N.A. 2.3 0.57 N.A. 0.23 1 

Lupus anticoagulant N.A. Negative Negative Negative N.A. Negative 

COVID-19, coronavirus disease 2019; SARS-CoV-2, severe acute respiratory syndrome coronavirus-2; PCR, polymerase chain reaction; Ct, cycle threshold; aPTT, activated 

partial thromboplastin time; GFR, glomerular filtration rate; CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; N.A., not available; AST, aspartate transaminase; 

ALT, alanine transaminase; GGT, gamma-glutamyl transpeptidase; Ig, immunoglobulin. 
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cores on neuropsychological tests were 23/30 on the Mini-Mental 

core and 14/18 on the Frontal Assessment Battery, and the Word 

emorization Test revealed a deficit of information recall without 

ncoding disorder. Cardiological examination showed minimal left 

entricular hypertrophy with preserved ejection fraction. Pertinent 

aboratory data on admission and during follow-up, summarized in 

able 1 , showed persistent inflammatory biological syndrome with 

levated C-reactive protein and fibrinogen, but not IL-6. Interest- 

ngly, among the antiphospholipid autoantibodies tested, only IgG 

CL was positive and persistent at 1 year follow-up. Light but per- 
24 
istent eosinopenia was also observed. Other biological data were 

ormal. Apart from the headaches, which persisted without a def- 

nite aetiology, the clinical examination did not find any clinical 

ign of antiphospholipid syndrome (absence of skin lesions, renal 

r cardiac involvement, or thrombosis). The patient had five chil- 

ren, and no known history of miscarriage or thrombosis. 

Due to the persistent neurological complaints, the patient’s 

erebrospinal fluid (CSF) was analysed and showed normal CSF- 

rotein without oligoclonal band or pleocytosis. Cerebral magnetic 

esonance imaging showed isolated temporal lacunar stroke of old 
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ppearance. Cerebral 18F-fluorodeoxyglucose positron emission to- 

ography (18F-FDG-PET) scan showed moderate hypometabolism 

f the amygdala, and mild hypometabolism of the fronto-mesial 

obe, insula, brainstem and cerebellum, as described previously in 

atients with long COVID ( Guedj et al., 2021 ). Whole-body 18F- 

DG-PET scan did not show any systemic pathological hyperme- 

abolism. 

iscussion 

To date, most clinical studies of COVID-19 have focused on 

ymptoms during the acute phase of disease. Patients mainly 

resent with fever ( ≥38 °C), cough, chest pain, dyspnoea, diarrhoea, 

atigue or myalgia, and approximately 15% of cases develop acute 

espiratory distress syndrome or end-organ failure. Recently, PCS 

as been described in patients who exhibit at least one persis- 

ent symptom, 12 weeks after disease onset, which cannot be ex- 

lained by another cause ( Tenforde et al., 2020 ). This syndrome 

eems to be common after acute COVID-19 infection, and not only 

mong severe cases. The most common signs of this clinical pic- 

ure are persistent fatigue, dyspnoea, anosmia and memory com- 

laints. In the study case, neurological complications have been 

videnced that cannot be explained by any cause other than PCS. 

n addition to a low-grade inflammatory process, the persistence 

f IgG aCL positivity and eosinopenia 1 year after acute COVID- 

9 infection were noted, and both have been defined previously 

s independent factors associated with disease severity. As such, 

hey could be biological predictors of PCS. Positive aCL has been 

eported in 13.9% of patients with COVID-19 ( Taha et al, 2021 ) and

 50% of cases with severe COVID-19, whereas the prevalence of 

CL was only 1.5% in the general population ( Selmi et al., 2020 ).

t present, the prevalence of aCL in patients post-COVID and the 

athophysiological mechanism involved in PCS remain unknown, 

ut the following hypotheses have been suggested: (1) persistence 

f the virus, especially in the nervous system; (2) a post-infectious 

nflammatory or autoimmune reaction; or (3) microglial involve- 

ent ( Matschke et al., 2020 ). aCL could be associated with viral 

nfections and may have persistent pro-inflammatory effects in this 

ontext, as described recently ( Müller-Calleja et al., 2021 ). 
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25 
thical approval 

Informed consent was obtained from the patient’s family for 

ublication of this case report. 

uthor contributions 

Treatment, patient care and sample collection: EK, BF and AM. 

Manuscript draft: NB,JLM, RA and DB. 

Collection of clinical and biological data: SW and BB. 

All authors critically revised the report, commented on drafts of 

he manuscript, and approved the final report. 

eclaration of Competing Interest 

None declared. 

eferences 

ertin D , Brodovitch A , Beziane A , Hug S , Bouamri A , Mege JL , et al . Anticardi-
olipin IgG autoantibody level is an independent risk factor for COVID-19 sever- 

ity. Arthritis Rheumatol 2020;72:1953–5 . 

uedj E , Million M , Dudouet P , Tissot-Dupont H , Bregeon F , Cammilleri S , et al .
18F-FDG brain PET hypometabolism in post-SARS-CoV-2 infection: substrate for 

persistent/delayed disorders? Eur J Nucl Med Mol Imaging 2021;48:592–5 . 
iang W , Liang H , Ou L , Chen B , Chen A , Li C , et al . Development and validation of

a clinical risk score to predict the occurrence of critical illness in hospitalized 
patients with COVID-19. JAMA Intern Med 2020;180:1081–9 . 

indsley AW , Schwartz JT , Rothenberg ME . Eosinophil responses during COVID-19 

infections and coronavirus vaccination. J.Allergy Clin Immunol 2020;146:1–7 . 
atschke J , Lütgehetmann M , Hagel C , Sperhake JP , Schröder AS , Edler C , et al . Neu-

ropathology of patients with COVID-19 in Germany: a post-mortem case series. 
Lancet Neurol 2020;19:919–29 . 

üller-Calleja N , Hollerbach A , Royce J , Ritter S , Pedrosa D , Madhusudhan T , et al .
Lipid presentation by the protein C receptor links coagulation with autoimmu- 

nity. Science 2021;371 eabc0956 . 

elmi C , De Santis M , Battezzati PM , Generali E , Lari SA , Ceribelli A , et al . Anti-phos-
pholipid antibody prevalence and association with subclinical atherosclerosis 

and atherothrombosis in the general population. Int J Cardiol 2020;300:209–13 . 
aha M , Samavati L . Antiphospholipid antibodies in COVID-19: a meta-analysis and 

systematic review. RMD Open 2021;7 . 
enforde MW , Kim SS , Lindsell CJ , Billig Rose E , Shapiro NI , Files DC , et al . Symptom

duration and risk factors for delayed return to usual health among outpatients 

with COVID-19 in a multistate health care systems network – United States, 
March–June 2020. MMWR Morb Mortal Wkly Rep 2020;69:993–8 . 

hou F , Yu T , Du R , Fan G , Liu Y , Liu Z , et al . Clinical course and risk factors for
mortality of adult inpatients with COVID-19 in Wuhan, China: a retrospective 

cohort study. Lancet 2020;395:1054–62 . 

http://refhub.elsevier.com/S1201-9712(21)00788-8/sbref0001
http://refhub.elsevier.com/S1201-9712(21)00788-8/sbref0001
http://refhub.elsevier.com/S1201-9712(21)00788-8/sbref0001
http://refhub.elsevier.com/S1201-9712(21)00788-8/sbref0001
http://refhub.elsevier.com/S1201-9712(21)00788-8/sbref0001
http://refhub.elsevier.com/S1201-9712(21)00788-8/sbref0001
http://refhub.elsevier.com/S1201-9712(21)00788-8/sbref0001
http://refhub.elsevier.com/S1201-9712(21)00788-8/sbref0001
http://refhub.elsevier.com/S1201-9712(21)00788-8/sbref0002
http://refhub.elsevier.com/S1201-9712(21)00788-8/sbref0002
http://refhub.elsevier.com/S1201-9712(21)00788-8/sbref0002
http://refhub.elsevier.com/S1201-9712(21)00788-8/sbref0002
http://refhub.elsevier.com/S1201-9712(21)00788-8/sbref0002
http://refhub.elsevier.com/S1201-9712(21)00788-8/sbref0002
http://refhub.elsevier.com/S1201-9712(21)00788-8/sbref0002
http://refhub.elsevier.com/S1201-9712(21)00788-8/sbref0002
http://refhub.elsevier.com/S1201-9712(21)00788-8/sbref0003
http://refhub.elsevier.com/S1201-9712(21)00788-8/sbref0003
http://refhub.elsevier.com/S1201-9712(21)00788-8/sbref0003
http://refhub.elsevier.com/S1201-9712(21)00788-8/sbref0003
http://refhub.elsevier.com/S1201-9712(21)00788-8/sbref0003
http://refhub.elsevier.com/S1201-9712(21)00788-8/sbref0003
http://refhub.elsevier.com/S1201-9712(21)00788-8/sbref0003
http://refhub.elsevier.com/S1201-9712(21)00788-8/sbref0003
http://refhub.elsevier.com/S1201-9712(21)00788-8/sbref0004
http://refhub.elsevier.com/S1201-9712(21)00788-8/sbref0004
http://refhub.elsevier.com/S1201-9712(21)00788-8/sbref0004
http://refhub.elsevier.com/S1201-9712(21)00788-8/sbref0004
http://refhub.elsevier.com/S1201-9712(21)00788-8/sbref0005
http://refhub.elsevier.com/S1201-9712(21)00788-8/sbref0005
http://refhub.elsevier.com/S1201-9712(21)00788-8/sbref0005
http://refhub.elsevier.com/S1201-9712(21)00788-8/sbref0005
http://refhub.elsevier.com/S1201-9712(21)00788-8/sbref0005
http://refhub.elsevier.com/S1201-9712(21)00788-8/sbref0005
http://refhub.elsevier.com/S1201-9712(21)00788-8/sbref0005
http://refhub.elsevier.com/S1201-9712(21)00788-8/sbref0005
http://refhub.elsevier.com/S1201-9712(21)00788-8/sbref0006
http://refhub.elsevier.com/S1201-9712(21)00788-8/sbref0006
http://refhub.elsevier.com/S1201-9712(21)00788-8/sbref0006
http://refhub.elsevier.com/S1201-9712(21)00788-8/sbref0006
http://refhub.elsevier.com/S1201-9712(21)00788-8/sbref0006
http://refhub.elsevier.com/S1201-9712(21)00788-8/sbref0006
http://refhub.elsevier.com/S1201-9712(21)00788-8/sbref0006
http://refhub.elsevier.com/S1201-9712(21)00788-8/sbref0006
http://refhub.elsevier.com/S1201-9712(21)00788-8/sbref0007
http://refhub.elsevier.com/S1201-9712(21)00788-8/sbref0007
http://refhub.elsevier.com/S1201-9712(21)00788-8/sbref0007
http://refhub.elsevier.com/S1201-9712(21)00788-8/sbref0007
http://refhub.elsevier.com/S1201-9712(21)00788-8/sbref0007
http://refhub.elsevier.com/S1201-9712(21)00788-8/sbref0007
http://refhub.elsevier.com/S1201-9712(21)00788-8/sbref0007
http://refhub.elsevier.com/S1201-9712(21)00788-8/sbref0007
http://refhub.elsevier.com/S1201-9712(21)00788-8/sbref0008
http://refhub.elsevier.com/S1201-9712(21)00788-8/sbref0008
http://refhub.elsevier.com/S1201-9712(21)00788-8/sbref0008
http://refhub.elsevier.com/S1201-9712(21)00788-8/sbref0009
http://refhub.elsevier.com/S1201-9712(21)00788-8/sbref0009
http://refhub.elsevier.com/S1201-9712(21)00788-8/sbref0009
http://refhub.elsevier.com/S1201-9712(21)00788-8/sbref0009
http://refhub.elsevier.com/S1201-9712(21)00788-8/sbref0009
http://refhub.elsevier.com/S1201-9712(21)00788-8/sbref0009
http://refhub.elsevier.com/S1201-9712(21)00788-8/sbref0009
http://refhub.elsevier.com/S1201-9712(21)00788-8/sbref0009
http://refhub.elsevier.com/S1201-9712(21)00788-8/sbref0010
http://refhub.elsevier.com/S1201-9712(21)00788-8/sbref0010
http://refhub.elsevier.com/S1201-9712(21)00788-8/sbref0010
http://refhub.elsevier.com/S1201-9712(21)00788-8/sbref0010
http://refhub.elsevier.com/S1201-9712(21)00788-8/sbref0010
http://refhub.elsevier.com/S1201-9712(21)00788-8/sbref0010
http://refhub.elsevier.com/S1201-9712(21)00788-8/sbref0010
http://refhub.elsevier.com/S1201-9712(21)00788-8/sbref0010

