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COVID-19 re-infection

1 | INTRODUCTION

The COVID-19 pandemic ongoing since January 2020
caused so far 95 million cases and 2 million deaths world-
wide.! COVID-19 was initially considered a disease caused
by a stable virus that could provide immunity, as it is the case
with most respiratory viruses (with the notable exception of
rhinoviruses), for which immunity is lasting a year or more.
In childhood, naturally acquired infection with measles,
chickenpox or mumps provides protection for the entirety of
life.? In other viruses, such as influenza, acquired immunity
is dependent on variants and warrants annual vaccination as
well as mixing strains adapted to the epidemiology of the
previous year.” Finally, in other situations, such as dengue
fever, the protection provided by the first episode may, on
the contrary, generate facilitating antibodies resulting in the
second infection being more severe than the first, and this
phenomenon has been found in cases of infections following
vaccination against dengue fever.*

In COVID-19, it quickly became apparent that naturally
acquired immunity would not, in all cases, provide protection
for the months following the first infection. This may be due
to a lack of efficient natural immunity after infection or to the
existence of variants on major epitopes theoretically leading
to resistance to infection. This point was particularly import-
ant for the Spike protein, as it is the target of bioengineered
viruses,” and already observed variations, particularly in the
South African variant, show that mutations in this protein
lead to humourous and apparently clinical resistance to the
AstraZeneca vaccine developed on Spike.6

Since February 2020, at IHU Méditerranée Infection in
Marseille, France, we offer non-restrictive access to SARS-
CoV-2 screening tests for all patients, whether symptomatic
or not.” This led us to diagnose 6771 cases during a first
phase, that is, from January to early May 2020 and 28 360
cases during a second phase, that is, from June to January
2021.% Viral genotypes closely related to the Wuhan strain
were identified during the first phase in Marseille, but
since then this genotype has disappeared and left room to
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several new variants identified during the second phase
(Figure S 1.0

We recently reported a first case of re-infection with dif-
ferent SARS-CoV-2 genotypes.“ Since then, we decided to
actively monitor new re-infections through our computerized
database.

2 | METHODS

At THU Meéditerranée Infection, since the end of January
2020, 445 611 SARS-CoV-2 qRT-PCR on nasopharyngeal
samples have been performed to 232 195 patients. Based
upon the epidemic curve, we defined two periods for this
study, one called ‘the first epidemic wave’ from 27 January
2020 to 5 May 2020 when it vanished and then stopped, and
the second multiple waves epidemic from 15 June 2020 to 12
January 2021. A computerized alert system was set up to de-
tect patients who had two positive SARS-CoV-2 qRT-PCRs
on nasopharyngeal samples collected more than 90 days
apart and clinical recovery and at least one negative qPCR
after the first positive.

2.1 | Clinical data collection

Patients with confirmed COVID-19 were invited for a
clinical evaluation at day 1. Clinical data including, age,
sex, medical history, clinical and laboratory assessment
including oxygen saturation, blood pressure, respiratory
frequency, QT interval measurement and blood potassium
were performed. Patient's outcomes were recorded in the
hospital information system and extracted retrospectively
from medical record.® Approximately 2/3 of positive pa-
tients presented for care, and others were lost to follow up.
As aresult, some re-infected patients have not been recorded
in our files and missing clinical data were obtained by tel-
ephone. The study was approved by our institutional review
board committee (Méditerranée Infection N°: 2020-021).
The analysis of collected data followed the reference meth-
odology MR-004 registered on N° MR 5010010520 in the
AP-HM register.
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2.2 | Virus genotype identification strategy
We performed 3282 SARS-CoV-2 genomes until now at
IHU Méditerranée infection. Our first 691 complete genome
sequence analysis demonstrated that since July 2020, 10 new
clades emerged that we named Marseille-1 to 10, replacing
the original viral strains that disappeared in early May.9 The
Marseille-4 variant (Marseille 4_20A/18877T-1a) which
exhibit a mutation in the receptor-binding domain of the
Spike protein became the dominant genotype in Marseille’
(Figure S1).

We first aim to determine whether the viruses responsi-
ble for re-infection in our patients were Marseille-4 variants.
For this, we assessed viral genotype in the second sample
for each patient by a Marseille-4-specific qRT-PCR based
on previous SARS-CoV-2 genome descriptions.12 Their
sequence and the qPCR conditions are shown in Table S1.
When qRT-PCR for Marseille-4 was negative, partial, or
full-length, genome sequencing was performed.

TABLE 1
France
Patients (n = 46)
Age 50 +22
Sex ratio (M/F) 25/21
Mean delay/SD (days) 172 (90-308)
Comorbidity
NA 7/46
Any 15/39 (38.4%)
None 20
Diabetes 5
Smoker 1
Hypertension 8
Heart underlying disease 3
Obesity BMI > 30 kg/m® 4
Asthma 4
Cancer 0
Clinical presentation Symptomatic
Mild/moderate
Severe/critical
Asymptomatic

Hospitalized

ICU

Death

ICU or death in hospitalized patient

Abbreviation: NA, not available.

**Fisher exact test.

3 | RESULTS

Among 90,602 patients tested in the first wave, 6,771 were
qRT-PCR positive. Of them, 31 patients were diagnosed with
re-infection according to definition (0.47%) (Flow chart). 15
other patients were re-infected in the ongoing second wave.

Mean age was 50 + 22 years old, 25 patients were men,
20/39 (51.2%) had no comorbidity, the mean time that elapsed
between the first and the second infection was 172 days
(range 90-308) (Table 1).

As for the first episode of infection, 39/46 (84.7%) pa-
tients presented with clinical symptoms compatible with a
SARS-CoV-2 infection.® All but 2 were classified as Mild/
Moderate.'® Seven were asymptomatic and resulted from
systematic testing. Thirty-five were followed as ambulatory
patients and eleven were hospitalized, among them four as-
ymptomatic patients hospitalized for another reason than
COVID and seven for COVID-19. None of the 46 patients
were admitted to ICU.

Clinical characteristics of 46 patients with SARS-Cov2 re-infection between the first and the second epidemic wave in Marseille

First infection Second infection

Nb/total (%) Nb/total (%) P value™
39/46 (84.7) 33/46 (71.7) 102
37/39 (94.8) 26/33 (78.7) 044
2/39(5.1) 7/33 (21.2) 044
7/46 (15.2) 13/46 (28.2) 102
11/46 (32.1) 12/46 (26) 500
0/46 2/46 (4.3) 247
0/46 2/46 (4.3) 247
0/46 4/46 (8.6) 058
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For the second infection, 33/46 (71.7%) of the patients
presented with clinical symptoms compatibles with a SARS-
CoV-2 re-infection and twelves were hospitalized (P = .5).
Twenty-six were classified Mild/Moderate and seven Severe/
Critical, significantly more than for the first infection
(P = .044). Four had a poor outcome (P = .058), two were
admitted in intensive care unit for severe acute respiratory
distress and two died during hospitalization.

Among the 46 patients with re-infection according to
definition, 31 who were infected during the first phase were
re-infected with another genomic variant different with the
original Wuhan® (Table S2 in supplementary data file). Of
them, 12 were re-infected with SARS-CoV-2 Marseille
4_20A/18877T-1a genotype. Of the 15 other patients infected
during the second phase, 7 were re-infected with SARS-
CoV-2 Marseille 4_20A/18877T-1a genotype.

4 | DISCUSSION

Re-infections with SARS-CoV-2 have recently been re-
ported by several authors worldwide and reviewed recently. 14
Evolution of clinical status between the two episodes is re-
ported in Table 2 for 61 patients with re-infection (46 re-
ported here and the 15 patients reviewed in Cohen et al)."*
Among them, 26/61 (42.6%) presented similar clinical sta-
tus in both episode, 18/61 (29.5%) had a milder form of the
disease in the second episode, 17/61 (27.8%) worsen from
asymptomatic to Mild/Moderate—Severe/Critical. It is im-
portant to notice that 5 patients experienced ICU and/or died
in the second episode of infection (P = .0287). Although this
needs to be confirmed in larger studies, it suggests that the
second episode is more clinically severe eventually leading
to ICU and death.

Protection from naturally acquired respiratory virus,
influenza, RSV and seasonal coronaviruses is generally of
short-lived and in most cases not more than a year.15 These
infections are mucosal infections and rarely associated with

a viraemia, such as in measles which is known to provide
more prolonged protection.2 The mean delay between two
infections observed in our patients is 5.7 months. On an-
other side, by analogy with HIV or influenza for exam-
ple, the specific characteristics of SARS-CoV-2, including
the extreme genetic variability in circulating viral isolates
worldwide along with a high mutation rate in immunocom-
promised host, ' likely allows for rapid escape from adaptive
immune responses.'’ 12 of the 31 patients with documented
re-infection were due to the Marseille 4_20A/18877T-1a
variant developing in our area since August 2020 and which
became the dominant variant in Marseille. The genetic vari-
ability of SARS-CoV-2 questions the putative efficacy of
commercialized vaccine based on the Spike protein,6 know-
ing that in most countries, it is likely that circulating viruses
are not the original virus used for vaccine production but
genetic variant.” The apparently more severe form reported
in the second episode suggests that the primary infection
might exacerbate the clinical expression of the disease such
has been reported for dengue. It was reported that people
who had a low neutralizing antibody titre after a first dengue
episode are at a higher risk to experience a severe dengue
in case of secondary infections.'® To explain such adverse
effects of the immune response, it was hypothesized that
the patient's antibodies produced during the primary dengue
episode cross-react with the other serotypes and enhance the
secondary infection, thereby increasing the proinflamma-
tory process associated to disease.*!° Based on this hypoth-
esis, it can also be suggested that vaccination of previously
infected individuals might also, as reported in dengue,20 be
deleterious suggesting careful monitoring of the vaccination
campaign.

5 | CONCLUSION

Thus, whether re-infection results from the insufficient ef-
ficacy of natural immunity or from its too high specificity

TABLE 2 Evolution of clinical status between the first and the second episode of infection in our 46 patients and the 15 reported in the

literature Cohen et al (7)

Clinical presentation This study (46)
Worse
Asymptomatic to mild-moderate 3
Asymptomatic to severe-critical 7
Better
From moderate to mild or asymptomatic 14
Unchanged status 22
ICU and or death 4

Cohen et al (15) Patient/total (%)

2 5/61 (8.1)

5 12/61 (19.6)
18/61 (29.5)
26/61 (42.6)

1 5/61 (8.1)*

Note: Of them, 27.8% get worse in the second episode, and 8.1% were admitted in ICU or died, 29.5% get better and 42.6% presented the same clinical status for both

episodes.

“ICU and or death at the second episode P = .0287 (Fisher exact test).
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regarding SARS-CoV-2 genomic mutations is a difficult
question. More studies are needed on re-infected patients in
association with co-morbidities, viral strains and clinical out-
come. However, it seems that the second episode is likely
more severe as reported in dengue. These features should be
kept in mind in monitoring the vaccination efficacy and its
adverse events.
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