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Background: There is growing concern about individuals reported to suffer repeat COVID-19 disease episodes, 

these in a small number of cases characterised as de novo infections with distinct sequences, indicative of 
insufficient protective immunity even in the short term. 

Methods: Observational case series and case-control studies reporting 33 cases of recurrent, symptomatic, qRT- 

PCR positive COVID-19. Recurrent disease was defined as symptomatic recurrence after symptom-free clinical 

recovery, with release from isolation > 14 days from the beginning of symptoms confirmed by qRT-PCR. The case 

control study-design compared this group of patients with a control group of 62 patients randomly selected 

from the same COVID-19 database. 

Results: Of 33 recurrent COVID-19 patients, 26 were female and 30 were HCW. Mean time to recurrence was 

50.5 days which was associated with being a HCW (OR 36.4 ( p < 0.0 0 01)), and blood type A (OR 4.8 ( p = 0.002)). 

SARS-CoV-2 antibodies were signifcantly lower in recurrent patients after initial COVID-19 (2.4 ± 0.610; 

p < 0.0 0 01) and after recurrence (6.4 ± 11.34; p = 0.007). Virus genome sequencing identified reinfection by a 

different isolate in one patient. 

Conclusions: This is the first detailed case series showing COVID-19 recurrence with qRT-PCR positivity. For 
one individual detection of phylogenetically distinct genomic sequences in the first and second episodes con- 

firmed bona fide renfection, but in most cases the data do not formally distinguish between reinfection and 

re-emergence of a chronic infection reservoir. These episodes were significantly associated with reduced Ab 

response during initial disease and argue the need for ongoing vigilance without an assumption of protection 

after a first episode. 
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Research in context 

Evidence before this study . Considerable attention has been 

paid to concerns over the potential for repeat episodes of 
COVID-19 in individuals who have recovered. We conducted 

a PubMed search on 26 October 2020 under the terms “re- 
currence” or “reinfection” and “COVID”, identifying 11 pri- 
mary research studies. These were largely case reports and 

in the case of 5 individuals included definitive evidence of 
distinct reinfection through comparison of viral sequence be- 
tween the first and second episode. Because it is often not 
possible during routine healthcare provision in the pandemic 
response to archive swabs for genomic sequencing in the case 
of reinfection, this data is generally unachievable outside of 
an academic setting. In the absence of definitive widespread 

access to sequence comparisons, the data can best be cap- 
tured by adopting a conservative terminology that records 
“recurrence” after recovery from PCR-verified disease. 

Added value of this study . It has been unclear until now 

whether or not repeat episodes of COVID-19 are rare excep- 
tions. We describe 33 cases of recurrence at a single health- 
care center in Brazil, 30 of these among HCW. Recurrence 
was associated with being a female HCW, with blood group 

A and with significantly reduced antibodies after the first 
episode and tended to be of enhanced severity, in one case, 
fatal. 

Implications of all the available evidence . It is clear from 

this study and others that infected individuals mount a vari- 
able immune response and, in a significant minority, this may 
be insufficient to offer subsequent protection. Such individ- 
uals remain at risk, especially in highly exposed healthcare 
settings. These findings alert against complacency in those 
who have recovered from infection and offers a caution to 
pursuit of protection through natural herd immunity. 

ntroduction 

The COVID-19 global pandemic caused by the severe acute res- 

iratory syndrome coronavirus 2 (SARS-CoV-2) started in Wuhan, 

hina, in December 2019, and has spread worldwide. 1 The virus 

an infect the respiratory, gastrointestinal, hepatic and central ner- 

ous systems, with a high rate of severe cases requiring hospi- 

alization. 2 The average incubation period from SARS-CoV-2 expo- 

ure to symptom onset is approximately 4–5 days, with 97.5% of 

ymptomatic patients experiencing symptoms within 11.5 days. 3 , 4 

hile most infections are asymptomatic or mild, risk factors for 

evere COVID-19 include advanced age, cardiovascular diseases, 

hronic lung disease, systemic arterial hypertension, diabetes, obe- 

ity, black and minority ethnicity. At a time when millions of 

rst-wave infections have occurred and many populations are ex- 

eriencing a second wave, there is concern about whether dis- 

ase can be suffered recurrently, whether by re-emergence of a 

oorly-cleared viral reservoir or by reinfection. 5 Some patients 

e-experience COVID-19 symptoms after a considerable period of 

ime again becoming qRT-PCR positive, not to be conflated with 

he different phenomenon of chronic post-viral symptoms or ‘long 

ovid’ 6 a spectrum of long-term, ongoing symptoms in people who 

re generally qRT-PCR negative. It is not always practicable to val- 

date by sequencing whether specific cases constitute persistence 

r reinfection, so we have here used the conservative term ‘recur- 

ence’, except where there are data on infection with a de novo vi- 

al sequence. 7–10 We report a case series of 33 patients with recur- 

ence of COVID-19 symptoms and qRT-PCR positivity and compared 

hem with a control group of 62 patients with a single episode of 

OVID 19, in a case-control design. Additionally, we were able to 

ompare viral genomes recovered in the first and second episodes 

or one of these cases. 
400 
ethodology 

This study is a mix of observational case series and case-control 

tudies; samples were obtained by agreement through the “Moni- 

ora Corona ”, an emergency project adopted by the Federal Univer- 

ity of Sergipe for daily phone monitoring of confirmed COVID-19 

ases diagnosed and treated at the Centro de Doenças Respiratórias 

CDR) of the Instituto de Promoção e Assistência à Saúde dos Servi- 

ores do Estado de Sergipe (IPESAÚDE-SE). Medical students fol- 

ow up patient symptoms by phone every 24 h or 48 h, register- 

ng details online on the Monitora Corona Platform and through 

he “Teleatendimento ambulatorial: novo cenário de Ensino Médico 

 cuidado ao paciente ” Project by the University Hospital of Fed- 

ral University of Sergipe with confirmed or suspected patients for 

OVID-19 admitted to the outpatient clinic of the University Hos- 

ital of the Federal University of Sergipe. Ethical Committee of the 

ederal University of Sergipe approval was received for the studies 

CAAE 31079720.5.0 0 0 0.5546), and informed consent of all partici- 

ating subjects or their legal guardians was obtained. 

Inclusion criteria : patients of any gender or age group > 18 years 

ho had symptoms and at least two positive results by qRT-PCR 

or SARS-CoV-2 (KIT BIOMOL OneStep/COVID-19; Instituto de Bi- 

logia Molecular do Paraná; Paraná, Brazil). Recurrent disease was 

efined as recurrence of symptoms after full clinical recovery and 

elease from isolation for 14 days from the beginning of symp- 

oms, and at least 7 days without symptoms, and confirmed by 

RT-PCR in the first and second episode of COVID-19. Exclusion 

riteria : patients without a qRT-PCR result or with negative qRT- 

CR from the first infection or in the second phase of symptoms 

f COVID-19. Questionnaire data collected included demographic 

eatures, comorbidities, clinical symptoms and treatment during 

he first and the recurrent episodes of COVID-19. Reported clinical 

ymptoms included sore throat, anosmia, malaise, myalgia, arthral- 

ia, cough, shortness of breath. Reported treatment data included 

edicines, methylprednisolone pulse therapy, emergency room ad- 

issions, hospitalization, oxygen therapy, ICU admission, respira- 

ory support and ventilation. 

To ascertain associations of the demographic and clinical data 

ith the occurrence of recurrent COVID-19, a case control study 

as designed by comparing this group of patients with a con- 

rol group ( n = 62), randomly selected from the same follow-up 

atabase. Inclusion criteria for this group were patients of any gen- 

er or age group > 18 years who had a single episode of COVID-19 

ymptoms with a positive result for qRT-PCR for SARS-CoV-2. Ex- 

lusion criteria for this group were patients without a qRT-PCR re- 

ult or with negative qRT-PCR or with a history of a second episode 

f symptoms of COVID-19. All patients signed an informed consent 

orm (ICF) confirming their participation in the study. 

SARS-CoV-2 antibody testing was performed for 17 (51.5%) 

ecurrent disease patients in the first and second episode of symp- 

oms of COVID-19, and 31 (50%) of the control group with a single 

pisode. The test used the AFIAS COVID-19 Ab fluorescence im- 

unoassay for IgM/IgG which is against SARS-CoV-2 nucleocapsid 

NP) (Boditech Med Incorporated 43, Geodudanji 1-gil, Dongnae- 

yeon, Chuncheon-si, Gang-won-do, 24,398 Republic of Korea). 

his kit has a 100% sensitivity, and 96,7% specificity in clinical tests. 

he laboratory considered values higher than 1.1 positive, 0.9 to 1.1 

ndeterminate, and lower than 0.90 negative, for both IgG and IgM. 

Statistical analyses were performed using Jamovi Software (ver- 

ion 1.2). For comparison of continuous variables between the 

roups, the data were tested for normality, using D’Agostino and 

earson tests. Ages and titres of IgM and IgG between the groups 

ere compared by Mann-Whitney U test. For the categorical data, 

he association of each variable with the groups were tested by 

alculating the Odds Ratio (OR) and 95% confidence interval (CI) 

sing the Fisher exact test. 
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Table 1 

Clinical manifestations observed in thirty-three patients during first and second COVID-19 episodes. 

Clinical manifestations Frequency (n) p value a 

First COVID-19 Recurrent COVID-19 

Headache 87.9 (29) 84.8 (28) > 0.999 

Asthenia 81.8 (27) 87.9 (29) 0.733 

Myalgia 48.5 (16) 72.7 (24) 0.077 

Arthralgia 30.3 (10) 42.4 (14) 0.443 

Sneeze/runny nose 45.5 (15) 66.7 (22) 0.163 

Odynophagia 57.6 (19) 60.6 (20) > 0.999 

Dysgeusia 30.3 (10) 51.5 (17) 0.130 

Anosmia 24.2 (8) 48.5 (16) 0.072 

Dry cough 45.5 (15) 63.6 (21) 0.216 

Productive cough 6.1 (2) 18.2 (6) 0.258 

Dyspnea 33.3 (11) 57.6 (19) 0.083 

Diarrhea 48.5 (16) 48.5 (16) > 0.999 

Hyporexia 36.4 (12) 45.5 (15) 0.617 

Abdominal pain 30.3 (10) 36.4 (12) 0.794 

Nausea/vomiting 30.3 (10) 36.4 (12) 0.794 

Fever 21.2 (7) 36.4 (12) 0.277 

Skin lesions 24.2 (8) 15.2 (5) 0.537 

Dizziness 27.3 (9) 36.4 (12) 0.598 

Mental confusion 6.1 (2) 15.2 (5) 0.427 

Tomography data 

Tomography requested 33.3 (11) 75.8 (25) 0.001 

Pattern compatible with COVID-19 18.2 (2) 52.0 (13) 0.077 

Pattern compatible with mild COVID-19 18.2 (2) 40 (10) 0.268 

Pattern compatible with moderate COVID-19 0 4 (1) > 0.999 

Pattern compatible with severe COVID-19 0 8 (2) > 0.999 

Clinical evolution and outcome 

Emergency room attendance 57.6 (19) 60.6 (20) > 0.999 

Hospitalization 0 12.1 (4) 0.114 

Oxygen therapy 0 9.1 (3) 0.239 

Intensive care unit admission 0 6.1 (2) 0.492 

Mechanical ventilation 0 3.0 (1) > 0.999 

Death 0 3.0 (1) > 0.999 

a Fisher exact test. 
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Complete viral genome sequences from specific cases were ob- 

ained with the Ion AmpliSeq TM SARS-CoV-2 Research Panel, using 

he Ion S5 NGS platform (Thermo Fisher). Details on the virus am- 

lification and sequencing protocols and all bioinformatics analyses 

re presented as Supplementary Methods. SARS-CoV-2 lineage as- 

ignments were performed with Pangolin 

11 and phylogenetic anal- 

sis of sequenced viral genomes was conducted using Nextstrain, 

escribed in supplementary methods. 12 

esults 

This study documents 33 patients who showed clear evidence 

f COVID-19 recurrence following an interval with recovery. Demo- 

raphic and clinical data for each indivudal, including time inter- 

al between first and second episode and co-morbidities are sup- 

lied in Supplementary Table 1 and summarised medication data 

n Supplementary Table 2. Recurrence patients were mainly female, 

 = 26 (78.8%) and largely composed of healthcare workers (HCW) 

 = 30/33 (91%), aged from 22–58 years (mean 39.2 years, ±8.5SD). 

he denominator of all HCW with confirmed qRT-PCR from the 

atabase is 378, meaning that 7.9% suffered recurrence/reinfection. 

he interval between recurrent symptoms ranged from 8–130 days, 

ith an average of 41 days ±24.0 SD. The most prevalent blood 

ype was A + , 14 patients (42%), and O + , n = 10 (30%), but there

ere also 4 patients B + , 1 patient A-, 1 patient O- and 1 patient

B + (and 2 for whom blood type was unavailable). Fifteen indi- 

iduals (45.5%) had comorbidities of which the most prevalent was 

besity (BMI > 30 Kg/m 

2 ), n = 10 (30.3%); we also observed over-

eight (BMI from > 25 to < 30 Kg/m 

2 ) in other 13 patients (39.4%),

hat was not considered for the analysis of comorbidities. 

The time between the first and second qRT-PCR ranged from 

8–134 days, with an average of 50.5 days ±19.37SD. The patient 
401 
hat had only 18 days of interval between the positive qRT-PCR, 

ad 20 days of symptoms in the first episode, had 8 days without 

ymptoms and returned to work with full recovery of COVID-19 

ymptoms, symptoms returning 8 days later. The CT from the qRT- 

CR from the first episode ranged from 15–37, mean ±SD = 30 ±4.0; 

nd from the second episode, from 15–36, mean ±SD = 29 ±9.0. No 

ifferences were detected between these two values. In this stan- 

ard healthcare setting, the patients did not access a repeat qRT- 

CR test after recovery from the symptoms of the first infection 

o confirm negativity, but 2 of these patients had a second qRT- 

CR which tested negative after recovery from the first COVID-19 

pisode and 3 had negative results after the recurrence. The aver- 

ge total duration in days of first episode symptoms from all 33 

atients was 16.2 days ± 9.65 SD, while in the recurrence it was 

9.4 days ±10.13 SD. 

Table 1 shows the frequency of clinical manifestations and 

utcomes in the first and subsequent COVID-19 episode. Patients 

ended to show a higher frequency of symptoms associated with 

isease severity in the recurrence, as compared to the first episode, 

ut the differences did not reach statistical significance. For exam- 

le, myalgia was seen in 72.7% of patients in the recurrence versus 

8.5% in the first episode and dyspnea in 57.6% in the recurrence 

ersus 33.3% in their first episode. Sixty percent of the patients at- 

ended at an emergency room during recurrence versus 57.6% in 

he first episode. Tomography was requested in 75.8% of the pa- 

ients during recurrence, and 52% were compatible with a COVID- 

9 pattern (12% presenting moderate to severe lesions), while to- 

ography was requested in 33.3% in the first episode, and 18.2% 

as compatible with a mild COVID-19 pattern. Hospitalization was 

equired for 12.1% in the recurrence but none of the patients in the 

rst episode of COVID-19, 2 requiring ICU admission, one of whom 

ied (patient 32 from Supplementary Table 1). This patient was a 
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Table 2 

Data from a case-control study design, comparing the recurrent COVID-19 patients with controls with a single episode of COVID-19. 

Variables Recurrent COVID-19 Controls with single episode a OR b 95% CI c p value 

n = 33 n = 62 

Age (Mean ± SD) 39.2 ± 8.53 39.2 ± 13.10 – – d 0.647 

Number of patients (Total) 

Females 26 (33) 39 (62) 1.7 0.02 - 0.53 0.350 

Healthcare workers 30 (33) 14 (62) 36.4 9.67 – 137.20 < 0.0001 

Blood type A 15 (31) 9 (55) 4.8 1.76 – 13.07 0.002 

Associated diseases (Systemic Arterial Hypertension, 

Diabetes, Obesity and Asthma) 

15 (33) 18 (62) 2.2 0.91 – 5.21 0.112 

Anosmia 8 (33) 37 (62) 0.22 0.08 - 0.56 0.001 

Dry cough 13 (33) 46 (62) 0.20 0.08 - 0.51 0.0009 

Corticoid treatment in the 1st COVID-19 episode 12 (33) 35 (62) 1.96 0.78 - 4.95 0.226 

Recurrent COVID-19 Controls with single episode d p value 

n = 17 n = 31 

Age (Mean ± SD) 39 ± 8.27 46.45 ± 11.35 0.015 

Titre of IgG (Mean ± SD) 0.82 ± 2.31 16.62 ± 15.86 – – < 0.0001 

Titre of IgG (Mean ± SD) after the recurrence of 

COVID 19 symptoms 

6.38 ± 11.34 – e 0.007 

a OR = Odds ratio. 
b CI = Confidence interval. 
c Fisher exact test. 
d Mann-Whitney U test. 
e Comparing with the only measurement of IgG title from the controls (16.62 ± 15.86) . 
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4-year-old male pharmacist, blood type O + , with obesity and sys- 

emic arterial hypertension. He had 9 days of mild symptoms dur- 

ng the first episode and a positive qRT-PCR in May. He returned 

o work and presented with recurrence of symptoms 38 days after 

he first episode, with a second positive PCR on June 13th. Dur- 

ng the recurrent episode he had severe respiratory symptoms and 

as admitted to ICU, dying after 20 days of symptoms. It was not 

ossible to recover the virus sample from his first episode, but the 

irus was isolated from the recurrence and analysed in this paper 

K2). 

Treatments used in the first and second episodes are described 

n Supplementary Table 2. In the first episode, the most frequently 

sed treatment was azithromycin in 20 patients (61%), followed by 

ystemic corticosteroids 12 (36%), and other antibiotics 6 (18.2%). 

n the recurrence, the most used treatment was systemic corticos- 

eroids in 26 patients (79%), followed by Ivermectin, 21 patients 

63%), Azithromycin, 20 patients (61%), other antibiotics, 20 pa- 

ients (61%), Heparin, 12 patients (36%) and Hydroxychloroquine, 

 patients (9%). 

We compared within the recurrent COVID-19 group, classified 

y severity of recurrent episode symptoms. Mean age was simi- 

ar 39.1 ± 10.05 versus 38.9 ± 5.93 ( p = 0.93) comparing the moder- 

te/severe (first group, n = 21) and the mild (second group, n = 12).

owever, associated comorbidities (systemic arterial hypertension, 

iabetes, obesity, asthma) were present in 15/21) of the moder- 

te/severe group compared to 2/12) from the mild group; OR 12.5 

95% CI 12.09 – 74.84]; p = 0.004. Treatment with corticosteroids 

as also analysed to investigate any association of immunosup- 

ression with severity of recurrence, but no differences were ob- 

erved between therapy in the moderate/severe 10 ( n = 21), ver- 

us 2 ( n = 12) patients from the mild group; OR 4.6 [95% IC 0.80 –

5.99]; p value = 0.13. 

Data from the case-control study design are summarized in 

he Table 2 . No differences were observed between age and sex 

requencies between the recurrent cases ( n = 33) and controls 

ho experienced a single episode ( n = 62). Associations were ob- 

erved between recurrence and being a HCW (OR 36.4; 95%CI 

.67 – 137.20; p < 0.0 0 01), and being blood type A (OR 4.8;

5%CI 1.76 – 13.07; p = 0.002). Interestingly, there was a pro- 

ective effect from recurrence of having had anosmia (OR 0.22; 

5%CI 0.08 - 0.56; p = 0.001) and dry cough (OR 0.20; 95%CI 0.08 
402 
 0.51; p = 0.0 0 09) during the first episode. In the recurrent 

roup, 97% worked in an environment with possible exposure to 

OVID-19, with a range of 4–90 h/week of exposure, mean ± SD 

2.2 ± 18.94 h/week. Additionally, 48.5% worked in specific COVID- 

9 Units, with a range of 10–48 h/week of exposure, mean ± SD 

2.7 ± 11.81. 

SARS-CoV-2 anti-NP antibody titres were available for the first 

pisode of 17 from the 33 recurrence patients and for 31 from 

he 62 control group with a single COVID 19 episode. The mean 

itres for IgM (0.57 ± 0.82) and IgG (0.82 ± 2.31) were lower in the 

ecurrence group after their first episode compared to titres in 

ontrols (IgM 1.73 ± 4.815 and IgG 16.62 ± 15.86); only IgG titres 

ere significantly different from the controls ( p < 0.0 0 01 by Mann- 

hitney U test). Antibody was tested in the recurrence group at 

2 ±14 days after symptoms, and, although we do not have the ex- 

ct time for the control group, it was annotated as > 14 days in 

he database. IgG titres in the recurrence group even after the sec- 

nd episode were still lower (6.38 ± 11.34) than the control group 

16.62 ± 15.86); p = 0.007; Mann-Whitney U test. 

Next-generation sequencing of viral genomes recovered from 

wo recurrent cases presenting with symptoms rendered full- 

ength SARS-CoV-2 sequences with over 99.8% genome coverage 

n the second episodes (Supplementary Table 3). Viral sequences 

rom the two cases were from phylogenetically distinct clades 

 Fig. 1 A). Of note, the two sequences from the first and second 

ymptomatic episodes of the same patient (samples E1 and E2) 

ere also from different clades (lineages B.1 and B.1.80) arguing 

or reinfection ( Fig. 1 A). All three genomic sequences presented 

utations highly distributed among SARS-CoV-2 global lineages 

C241T, C3037T, C14408T, A23403G) ( Fig. 1 B; Supplementary Tables 

 and 5). Some rare SARS-CoV-2 mutations (A2568G and C15324T) 

ere shared only by sequences E1 and E2 (Supplementary Ta- 

le 6). Additionally, exclusive mutations of sample K2 included a 

ulti-nucleotide polymorphism (MNP) that is globally distributed 

GGG28881AAC) and a SNP (G25088T) found with raised frequency 

n SARS-CoV-2 genomic sequences from fatal cases (Supplementary 

able 7). Details on the mutations exclusive to each viral isolate 

re indicated in Supplementary Tables 7 and 8. Altogether, these 

esults confirm that qRT-PCR re-positivity was not due to delayed 

ucleic acid conversion from positive to negative in these recurrent 

ymptomatic cases, but rather, to active infection. The detection of 
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Fig. 1. Characterization of SARS-CoV-2 viral genomes in patients with recurrent COVID-19. Phylogenetic (A) and genomic variant (B) analysis of viral genomes recovered from 

individuals with recurrent COVID-19 . In the phylogenetic tree, strains derived from Brazilian individuals are shown in orange. E1 and E2 represent samples of the patient E 

at first and second event of COVID-19, respectively. K2 represent the sample of patient K during the second episode of COVID-19. Vertical lines indicate the genomic position 

of the high-confidence mutation in SARS-CoV-2 genomic sequence. Only variants with frequency higher than 90% were considered in the analysis. Text above the vertical 

lines indicates the base transition from reference genomes to newly assembled genomes in this work. Genomic structure of SARS-CoV-2 is also plotted. 
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hylogenetically distinct genomic sequences in the first and second 

pisodes of one patient argues for de-novo reinfection. 

iscussion 

This study reports 33 cases with recurrent COVID-19 episodes 

ollowing recovery and confirmed by positive qRT-PCR in each of 
403 
he first and second episodes. Recurrences tend to be more severe 

han the first episode, one individual dying. In a case-control 

esign we identified risk factors associated with recurrence: 

eing a HCW and being blood type A showed high odds ratio 

or recurrence. Symptoms of upper respiratory tract infections, 

nosmia, and dry cough during the primary episode were nega- 

ively associated with recurrence. Comorbidities such as arterial 
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ypertension, obesity, diabetes, and asthma were not associated 

ith recurrence, but were associated with moderate/severe clinical 

resentation of recurrent COVID-19. Genomic sequencing rendered 

ull-length SARS-CoV-2 sequences with over 99.8% coverage in 2 

f these recurrent symptomatic cases, confirming that qRT-PCR 

ositivity is due to active infection. Additionally, the detection 

f phylogenetically distinct genomic sequences in one patient 

onfirmed reinfection by a different strain. 

There have thus far been rare instances where the clinical and 

aboratory context allowed for comparative genomic sequencing of 

irus from each of the two episodes to confirm reinfection, and we 

ere add another such example. 13 , 14 In general, though it can prove 

hallenging to access stored, isolated, virus from each episode in 

atients during the heat of a pandemic, unless the individuals 

re enrolled within a study cohort. Where such data are absent, 

ne cannot formally distinguish reinfection from the more gen- 

ral term, ‘recurrence’. The rationale for our case series and case- 

ontrol studies is that in either case, this large HCW series con- 

titute a concerning addition to our understanding of the disease 

pectrum. 

The Korean Center for Disease Control and Prevention declared 

n the first week of April that there were 91 documented cases of 

atients in Daegu, South Korea, who had recovered, left quaran- 

ine, and then tested positive again. Although they could not rule 

ut reactivation as a possibility, they stated that these 91 cases 

ere more likely to be due to levels of the virus that fall below a

etectable level, allowing symptoms to improve, then turned pos- 

tive again, although the findings are compatible either with in- 

ermediate false negative tests under conditions of low viral load, 

r with reinfection. Based on data from China, the most used 

est type showed a false-negative rate of 30%. 15 After that recur- 

ence of qRT-PCR positivity was reported in several studies. 16–20 

hese studies suggest virus persistence. However, in none of these 

tudies are there reports of associated clinical symptoms. A study 

f 98 individuals recovering from COVID-19 who had been dis- 

harged following two negative qRT-PCR tests showed that dur- 

ng follow-up, 17 individuals (17.3%) returned to positivity on test- 

ng, though only one patient returned to clinically symptomatic 

isease. 21 

In the case series reported here, all 33 patients presented with 

 recurrence of COVID-19 symptoms, 30 of them HCW. All had re- 

overed from first episode symptoms, returned to work and later 

uffered recurrent symptoms. This high frequency of recurrence in 

CW may be due to the higher chance of SARS-CoV-2 exposure. 

hile formal proof of reinfection was possible only in one case, 

e highlight the potential for reinfection. We cannot formally rule 

ut an observation bias, since HCW may be better placed to note 

he recurrence of symptoms and may have more access to qRT-PCR 

esting, but this seems unlikely to explain the observed difference 

etween case and controls (OR 36.4; p < 0.0 0 01); during this pan-

emic all patients have become highly vigilant and have similar ac- 

ess to follow-up within the program to report clinical symptoms 

nd access a new qRT-PCR test. 

Recent reports of one case with recurrence of COVID-19, con- 

rmed reinfection with a second virus sequence. 13 , 22 Unfortu- 

ately, we do not have a negative qRT-PCR for all the recurrence 

ases after their initial recovery, but 2 of these patients had a sec- 

nd qRT-PCR test negative after recovery and 3 had negative re- 

ults after the recurrence. This is because discharge before return- 

ng to work under Brazilian Ministry of Health criteria, during the 

ime this study was performed, indicated a requirement of 14 days 

rom first symptoms plus 3 days without symptoms, but does not 

dvocate or allocate resource for repeat testing. Now the rule is 

 requirement of 10 days from first symptoms plus 24 h with- 

ut symptoms. 23 It has been proposed that tomographic patterns 

hould be used for isolation, discharge, and transferring for hos- 
404 
italized patients after recovery from clinically diagnosed COVID- 

9. 18 , 19 , 24 , 25 

Some studies have made a case for virus persistence. 5 , 24 , 26–28 

n a prospective cohort study including 131 patients who had been 

ischarged for 4 weeks, some patients had new symptoms in this 

eriod, and 7 needed to be readmitted. Of the 94 individuals who 

nderwent qRT-PCR, 8 (6.1%) showed positive reversion, of which 

 remained asymptomatic, 2 had a recurrence of fever and one 

xhibited worsening tomography. 27 In a case control study of 414 

OVID-194 patients, all who were discharged and underwent strict 

uarantine at a designated location for 14 days, it was observed 

hat 69 patients (16.9%) showed recurrence of qRT-PCR positivity. 

omparing these retested positive cases with a control group that 

id show recurrence, younger patients with less severe index ill- 

ess were more likely to retest positive. 24 

There have been cases reporting COVID-19 symptom recur- 

ence. 29–31 It has been argued that virus may be present in a latent 

tate, in the lysogenic part (viral reproduction), inactive or hid- 

en in cells, not causing disease for some time and then reactivat- 

ng. 15 , 32 The main risk factors include: (1) host status, (2) viral fac- 

ors and (3) environmental factors. 17 Host factors may include sex, 

ge, comorbidities, immunosuppression and genetic background. 

nvironmental factors may include coinfections or immunosup- 

ressive therapies. 33 Immune dysfunction associated with SARS- 

oV2 infection would be compatible with the notion of facilitating 

ither reinfection or a potential persistence/reactivation of infec- 

ion. 34–36 

In the present study the term “recurrence” was conservatively 

dopted because these case series might represent a group of pa- 

ients, ones with reinfections and others with a bimodal disease 

nd prolonged qRT-PCR positivity. However, there is evidence to 

ndicate reinfection: 1) The association of recurrence with being a 

CW; 2) Negative qRT-PCR after the first COVID-19 recovery in 2 

atients; 3) Sequencing data from the recurrent episode of other 2 

atients, with over 99.8% genome coverage in the second episodes 

onfirms active infection, and not late conversion of PCR from pos- 

tive to negative; 4) Viral genome sequencing data with the detec- 

ion of phylogenetically distinct genomic sequences in the first and 

econd episodes of one patient argues for de-novo reinfection, and 

) the association with low antiviral Ab titre. 

We compared antibody levels in recurrence patients and 

ontrols. Only 17 recurrence patients and 31 controls had sero- 

ogical data available, but interestingly, the levels of IgG for 

ARS-CoV-2 were significantly lower in recurrence patients after 

he first episode, as compared to controls and even after recur- 

ence. Some of us have recently reported a UK HCW cohort in 

hich about 10% of previously infected HCW carried very low 

r absent neutralizing antibody levels at 4-months and would 

resumably be vulnerable to reinfection. 37 Sekine et al. described 

 potent memory T cell response, similar to those desirable in the 

ontext of successful vaccines and that confer long-term immunity, 

ndependent of the absence or presence of circulating antibodies. 

pproximately twice as many people showed T-cell immunity 

ompared to those in which they detected antibodies. Thus, even 

n the face of a negative serology, patients may potentially be 

rotected from COVID-19 recurrence. 38 

In the present study, recurrent patients presented with some- 

hat more severe symptoms, though generally making a good re- 

overy, except for one individual with a fatal outcome. Severity of 

he second COVID-19 episode was associated with presence of co- 

orbid obesity, arterial hypertension, diabetes, and asthma. 

We also detected an association of being blood type A with re- 

urrence of COVID-19. A genetic association study, using a genome 

ide screen approach, reported an association of blood type A with 

 higher risk of infection. 39 This offers further support for the hy- 

otheses of persistence or reinfection. 
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Guidelines have suggested two, consecutive, negative qRT-PCR 

est results as a criterion for discharge. However, due to the high 

alse negative rate of viral test or prolonged viral clearance, rather 

han qRT-PCR testing, additional clinical indicators should be used 

ot only for diagnosis and treatment but also for isolation and dis- 

harge. The present study brings into question how much longer 

ocial isolation beyond the 14 days of symptoms should be adopted 

nd for how long precautionary measures should be taken. A 

onger observation period should be considered for certain groups 

ith COVID-19, especially HCW, blood type A group and with low 

b titre for SARS-CoV-2. 

Next-generation sequencing of viral genomes recovered from 

wo recurrent cases presenting with symptoms rendered full- 

ength SARS-CoV-2 sequences with over 99.8% genome coverage 

n the recurrent episodes. Importantly, whole genome sequencing 

elps in excluding prolonged nucleic acid conversion from positive 

T-qPCR to negative, as several studies have described cases with 

uch delayed negative results, even without active infection. 40 , 41 

he genomic sequences, with higher than 99.8% genome cover- 

ge, recovered for both sequenced recurrent cases, also support 

hat qRT-PCR positivity was not due to degraded virus genetic 

aterial. 40–42 

The sequencing results confirm that qRT-PCR re-positivity in 

hese recurrent symptomatic cases is due to active infection. The 

etection of phylogenetically distinct genomic sequences in the 

rst and second episodes of one particular patient is also sugges- 

ive of re-infection by a different strain. Unfortunately, the other 

atient, even with a positive PCR, had virus sequenced and an- 

lyzed only in the recurrent COVID-19 episode. Similar results 

ere recently described in studies with smaller number of pa- 

ients. 13 , 22 , 43 The large number of cases of recurrence or reinfec- 

ion may be related to the virus strains circulating locally, or more 

ikely, may be occurring globally but follow-up of patients per- 

ormed by the “Monitora Corona ” and the Project from our Univer- 

ity Hospital helped to document these cases. 

Viral sequencing revealed the presence of the mutation 

23403G in the spike region. This SNP promotes the change from 

denine to guanine in the spike-encoding region of the virus 

enome (A23403G), causing a coding change from aspartate to 

lycine at position 614 of the protein spike (D614G) and associated 

ith an increase in SARS-CoV-2 infectivity. However this variation 

s outside the binding domain between the spike and the ACE2 

eceptor. 44 It is a common variant in SARS-CoV-2 isolates world- 

ide. 45 , 46 

Another important result from the SARS-CoV-2 sequencing data 

as the finding of the mutation G25088T, present only in the virus 

rom the patient who had a fatal outcome. This mutation is char- 

cterized by the substitution of an amino acid in the spike protein 

Val1176Phe). It is widely present in Brazil, 47 and it is present more 

requently in patients who died in a region of India. 48 Another mu- 

ation present only in the virus of this patient, was GGG28881AAC, 

 MNP characterized by the changes of 3 nucleotides, which oc- 

urs in the genomic region that encodes the viral nucleocapsid 

rotein, modifying two amino acids in the generated protein. The 

irus from this patient also has several other rare mutations that 

re distinctive from the 2 viruses of the other patient, that include 

ne SNP in orf1ab (A6319G) and one in orf3a (T26149C) that were 

nly reported in other 22 viral isolates from Brazil (Supplementary 

able S7). 

onclusion 

This study reports 33 individuals with recurrent COVID-19, 

hese being largely HCW who had shown low SARS-CoV-2 anti- 

ody titres after the initial episode. Recurrence of SARS-CoV-2 cau- 

ions us against complacency about protection through natural im- 
405 
unity and poses an additional health problem over and above re- 

overy from initial infection. While the data are compatible with de 

ovo reinfection or virus persistence, the detection of phylogenet- 

cally distinct genomic sequences in the first and second episodes 

f one patient is evidence of reinfection. This relatively large case 

eries in a single HCW cohort argues that recurrence may not be 

ncommon. 
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