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ABSTRACT

Reports of SARS-CoV-2 reinfections are on the rise. This study focused on reinfections in patients with confirmed COVID-19 in the Czech Republic.
Between 1 March 2020 and 9 November 2020, 362 084 cases with the onset of symptoms before 31 October 2020 were reported. Overall, 28 cases
of symptomatic SARS-CoV-2 reinfections were identified, 11 in males and 17 in females, age range 25-80 years, median age 46 years. The interval
between the first and second episodes of the disease ranged from 101 to 231 days, and the median interval was 201.5 days. During both symp-
tomatic episodes, all patients have been tested by RT-PCR. Altogether 26 patients (92.9%) have been tested negative after recovery from the first
episode of COVID-19. Symptomatic reinfections occurred in nearly 0.2% of all patients at risk. Most patients with reinfection had mild symptoms
in both episodes, and only three episodes were moderate to severe. Thus, reinfections may have been underdiagnosed. In summary, COVID-19
reinfections are possible and not exceptional.
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Fabianova K., Kynél J., VIckova I., Jifincova H., Kostalova J., Liptakova M., Orlikova H., Sebestova H., Limberkova R.,
Mackova B., Maly M.: Reinfekce covidem-19

Zpréavy o vyskytu opakovanych infekci virem SARS-CoV-2 narstaji. Studie se proto zaméfila na vyskyt reinfekci u potvrzenych pfipadi onemoc-
néni covid-19 v Ceské republice. V obdobi od 1. 3. 2020 do 9. 11. 2020 bylo nahladeno celkem 362 084 pFipad(i s prvnimi pfiznaky do 31. 10. 2020.
Bylo nalezeno celkem 28 pfipadd opakovanych symptomatickych onemocnéni covid-19, z toho 11 u muzl a 17 u zen. Vékové rozpéti osob bylo
25-80 let, medidn 46 let. Interval mezi prvni a druhou epizodou onemocnéni byl v rozmezi 101-231, median 201,5 dni. Vsechny osoby byly v obou
epizodach symptomatické infekce vysetieny metodou RT-PCR. Celkem 26 pacientt (92,9 %) bylo v obdobi mezi epizodami onemocnéni covid-19
testovano s negativnim vysledkem. Symptomatické piipady reinfekci tvori témér 0,2 % ze viech osob v riziku z analyzovaného souboru. Vétsina
osob s reinfekci v souboru méla v obou epizodach mirny priibéh, pouze 3 epizody byly stfedni &i tézké. Rada dalsich reinfekci tudiz viibec nemusela
byt diagnostikovana. Stru¢né feceno, reinfekce covid-19 jsou mozné a nejsou vyjimecné.
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INTRODUCTION

Even though the new SARS-CoV-2 virus has been
known for nearly one year, there are still many unclear
points about the disease. As of early-November 2020,
over 50 million people worldwide had been infected
with the coronavirus. More than 12 million, or 25% of
those, were people living in Europe. Among most pa-
tients, the antibody response to SARS-CoV-2 is detect-
able within 10 to 15 days after infection or after the on-
set of symptoms. In some patients with mild symptoms,
antibodies can be detected after a longer time period,
or cannot be found at all. In other types of human coro-
navirus diseases, the antibody levels decline over time,
and reinfection with the same type of coronavirus is
possible as early as 90 days after the first episode [1].

With COVID-19, it is still unclear how long the anti-
body response lasts after recovery and whether it pro-
vides protection against reinfection. The role of T-cell
immunity in COVID-19 has not been fully elucidated
either, but a recent study has shown that long-term
memory T-cells persist at least in half of patients after
recovery from COVID-19 [2].

Reports and scientific articles on SARS-CoV-2 reinfec-
tions are on the rise [3].

Therefore, we focused on reinfections among pa-
tients with confirmed COVID-19 as reported to the
Infectious Diseases Information System (ISIN) in the
Czech Republic. The goal was to find out whether re-
infections with SARS-CoV-2 occur in this country, and
if so, what the interval is between the first and second
positivity episodes and, possibly, whether the time
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Figure 1. Cases of COVID-19 reported in the Czech Republic from the beginning of the epidemic to 31 October 2020 by date of

symptoms onset*

*All cases with onset of symptoms before 31 October and reported to the Infectious Diseases Information System by 9 November 2020 have been included.

interval between the two episodes varies with the se-
verity of the first episode.

During routine data reviews, the information system
was searched for duplicates, among which cases of
re-infection with SARS-CoV-2 in the same person were
identified.

METHODS

The Infectious Diseases Information System, to which
notifiable diseases have been reported at the national
level, was searched for cases of SARS-CoV-2 reinfec-
tion with the onset before 31 October 2020 that had
been entered in the database between 1 March 2020
and 9 November 2020. After detailed analysis of each
case and data verification by the regional public health
authorities, reinfection cases were identified and are
presented below.

As the case definition for recurrent infections has
not yet been established, our criteria are based on the
findings of COVID-19 and other coronavirus infections.
The following case definition of SARS-CoV-2 reinfection
was used for inclusion: a patient with two episodes of
RT-PCR confirmed infection with SARS-CoV-2 that oc-
curred 90 or more days apart, both episodes were
symptomatic, and the patient was symptom free in the
meantime. Each case of symptomatic reinfection was
verified by the regional public health authority. RT-PCR
testing was performed by laboratories participating in
the reporting system and meeting the ECDC and WHO
criteria for SARS-CoV-2 testing. All symptomatic RT-PCR
confirmed cases of reinfection were described in de-
tail. The factors examined in both episodes were age,
health condition, need for hospital admission, and,
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possibly, mortality. If the patient did not require hospi-
tal admission, the episode was classified as mild, if the
patient was admitted to the hospital without needing
to be placed in the ICU, the episode was classified as
moderate, and if the patient needed the ICU care, the
episode was classified as severe.

RESULTS

From 1 March 2020, when the first case of COVID-19
was reported in the Czech Republic, to 9 November
2020, 362 084 cases with the onset of symptoms be-
fore 31 October 2020 were reported to the Infectious
Diseases Information System, with 78% of these cases
being reported not earlier than in October 2020. The
cases are presented by date of disease symptoms onset
in Figure 1.

Cases of SARS-CoV-2 reinfections with both
symptomatic episodes

The inclusion criteria were SARS-CoV-2 reinfection,
the first episode ending no later than by 2 August
2020, and the second episode occurring at least 90
days apart. The group of persons at risk of reinfection
(i.e., individuals that could become ill repeatedly in
the study period) consisted of 16 582 patients. It was
relatively small and only comprised 4.6% of all cases
reported.

Based on the defined criteria for symptomatic SARS-
-CoV-2 reinfections, 28 cases, 11 in males and 17 in fe-
males, were identified among the 16 582 patients at
risk. The age range of patients with reinfection was 25
to 80 years, the median age was 46 years, and the inter-
quartile range was 13.5 years (Table 1).

63



s

~

e

KRATKE SDELEN

‘bau “| 1’60 "Hzod ‘0L'6¢C

"Mzod ‘01°0¢

Bau-0LL0 Hzod 60'Lg ‘Bau60°GL Bau£0'€0 ‘B3U S0'90
‘63U 60'60 11zod ‘8011

Bau60vz 1zod '60°1T
Hzod 0Ll

"Hzod ‘0L'6C

Bau-L 110

"Hzod '60'5¢ Bau 60'LT

"uzod gL'z “B3u oSl ‘BauH00OL

‘uzod oL gl

nzod oLtz "bsu90ZL BduU y0'ST

"Hzod '0L'0¢ BaU90°€0

"yzod - gl9z ‘Bau-gLLz ‘Bau-oL'el BauQLLL BaUOLYL
"Bau gL'zl "Hzod 0L'z0 Wzod ‘6091 ‘Bau 601

‘Mzod |10 ‘BauOL'LT

"Hzod 019z Bau/0TC

"Hzod 0L°LE ‘BauQL'ZO ‘BdUSO'8L BauSOEL

‘Mzod ‘0181

"Hzod 0L'€z Bau 4060

Jzod ol'61l

"nzod 1120
"1zod 010 ‘Wzod 0L°ZT

1zod 0l'6¢ ‘BauUQL9L

Bau +0'80 ‘B3 $0'90
‘Bau $0'60 B3U ¥0°£L0
‘Bau y0'LL BAUHOTL
"6au $0'50 ‘BaU Y00

1zod '0l'€z ‘HauU 90/ |

‘Bau y0'€z ‘B3U pO'LT
‘Bau y0'€z ‘Bau v0'ZT
‘Bauy0'ZL BaupOGL

1zod '01'€z ‘B3U ‘$0'80

‘Bau 0Lz BauH06L
"6au €01 € nzod ‘€0’

"Bau v0'0€ ‘B3U 10'LT

‘nzod oL
Bauv0'€z "B3uU 10T
Bau 90’10 Hzod '500C
‘Bau-60zL ‘63U 097
‘Bau-go'glL ‘Bau-goSL
‘bau y0° LT ‘BaU Y0P
"6au 50 L0 “BdU 06T
‘6aucoLL “Bau s0v0
‘Bau oyl B3U 1060
“6au 020 "Mzod 40'LO

‘Mzod "0L°€Z ‘Bau Y061

‘Bau 0Lz ‘Bau H0'8L
‘bau “£0'z0 Bau'90'0¢
‘6au 40’0z ‘Bauv0LL

nzod-oL'LE

‘6au ‘50’0l ‘Bau 50’80

"Mzod *€0'vC
‘Mzod "€0°LC
"Mzod "€0'LE
‘Mzod ‘€0°LC
"Hzod "€0°0¢
"Mzod *40'£0
"Hzod "%0'60
"Mzod "€0'0€
‘Mzod ‘€0'9L
"Hzod "%0'S0

"uzod €0/

“uzod '$0'60

"Mzod £0'€C
“Mzod €0'9¢
"Hzod "S0'61
‘Mzod ‘40'ZL
"Hzod "%0'0€
‘Mzod ‘400 L
‘Mzod 0°/L
"Mzod ‘40'/¢C
‘Mzod ‘€0°L€
"Hzod "€0vC
"Hzod %0'S0
yzod ‘€0'€e
"nzod '90°/L
“nzod $0°€0

awoy
swoy
awoy
awoy
awoy
awoy
awoy
awoy
awoy
awoy

sawoy

awoy

awoy
awoy
awoy
awoy
awoy
awoy
swoy
awoy
awoy
swoy
awoy
swoy
awoy
swoy

ppiw
ppw

ppw
ppiw
ppw
ppiw
ppw
ppiw
ppiw
piw

pw

ppiw

pliw
pliw
pliw
pliw
Slesspow
pliw
pliw
pliw
pliw
pliw

ppw
pw

ppw
pw

1zod /0'zz pazijeudsoy ai19A9s

1zod ‘G0’ £0 pazijendsoy s1esapow

Bunsa) Ydd-14 Jo }nsay + ("wwpp) 3533 Jo e + Jaquinu [erpuanbas 3sa)

abe Aq pa1i0s ‘UoI1I3JUI Z-AOD-SHVS JO saposida dipewoidwAs omy yum syuaiied Jo sonsualdeleyd °L ajqeL

uonje|osi
jo ade|d

JSBEYEN
pozida
puodas

[444
Sle
(44}
6€l
6lC
861
6C¢C
90¢
1444
691

LLe

9%l

101
LEC
12"
90¢
(A4}
00¢
S61L
L6l
1474
[4%4
9l¢
€0¢
LEL
s0c¢

ol

LLL
sopozida
usamiaq
sfAep jo
JRquiny

awoy
awoy
awoy
awoy
awoy
awoy
awoy
awoy
awoy
awoy

awoy

awoy

awoy
awoy
awoy
awoy
awoy
awoy
awoy
awoy
awoy
awoy
awoy
awoy
awoy
awoy

piw
piw
piw
piw
ppw
piw
piw
piw
piw
piw

piw

piw

piw
piw

piw
ppw
piw
piw
piw

piw
piw

piw
piw
piw

piw
pw

piw

Ay1oey B4 WISY BUOI-{D1]
suoneIAaIqqy

auou
auou
auou
auou
auou
auou
auou
auou
auou
uoisusyadAy

aseasip
Je[ndsenoipied

ABig)|e ‘aseasip
Areuow|nd
J1uoIyd
‘sa3aqeIp
auou
auou
auou
auou
auou
auou
auou
Ayubijew
auou
auou
auou
auou
ewyise
Anubijew

9seasip
Je[nosenolpied
‘so3a0eIp

s212qelp

uonIpuod
J1uoayd

T4
LT
LT
6C
0€
143
6¢€
(4%
1474
4%

1%

1%
174
174
Ly
LYy
(514
6t
0s
€9
SS
99
LS
29
L

9L

08

L LS eSS

S L ==

8¢
LT
9¢
T4
144
14
[44
L
6l
0c

8l

L1

91
Sl
4k
€l
cl
LL
0l

Mm < 1n O NN

Epidemiologie, mikrobiologie, imunologie 2021, ro¢. 70, ¢. 1

64



The interval between the first and second episodes
ranged from 101 days to 231 days, the median was
201.5 days. The interquartile range was 48 days.

All 28 patients with reinfection were RT-PCR tested in
both episodes. Twenty-six patients (92.9%) were found
negative when retested between the two episodes.

Twenty-five patients had a mild course in both
episodes and did not need hospital admission. Two
patients were admitted to the hospital during se-
cond episode, an 80-year-old man with diabetes and
a 76-year-old man with diabetes and a cardiovascular
disease who was admitted to the hospital with a se-
vere course of COVID-19 during second episode that
subsequently led to death. A 47-year-old man was an
exception, without any known chronic condition; the
first mild episode was followed by a moderate episode,
but the patient subsequently declined hospitalization
as reported by the regional public health authority.

Twenty patients with reinfection did not have any
known chronic condition, and eight other patients
had underlying diseases: asthma 1x, diabetes 1x, hy-
pertension 1x, cardiovascular disease 1x, malignity
2x, and comorbidity 2x (diabetes, chronic pulmonary
disease, and allergy 1x; diabetes and cardiovascular
disease 1x).

Other cases of SARS-CoV-2 reinfection

In the database of COVID-19 cases, 54 other cases of
reinfection were identified, but they did not meet the
criterion of two symptomatic episodes.

Of these 54 cases of reinfection, 18 patients had the
first episode asymptomatic while the second episode
was symptomatic; the interval between the first epi-
sode and the onset of the second episode ranged from
121 to 216 days. Twelve other patients had an asymp-
tomatic first episode, but the data on symptoms in the
second episode were missing. The interval between
the two episodes ranged from 100 to 208 days. Alto-
gether 10 patients had both episodes symptom free,
and the two episodes occurred 98-175 days apart.
Eleven other patients had a symptomatic first episode
and remained symptom free in the second episode.
The interval from the onset of symptoms in the first
episode to the diagnosis of the second episode was
105-218 days.

Three cases failed to meet basic criteria, i.e., two
symptomatic episodes occurring at an interval of
90 days or longer. For the first case there was asympto-
matic episode followed by symptomatic episode after
86 days. For the second case there was symptomatic
episode followed by the second asymptomatic epi-
sode after 87 days. For the third case there was the first
asymptomatic episode followed by symptomatic epi-
sode after 87 days. This means that possible shortening
of the interval for two episodes of covid-19 infection
from 90 to 85 days would increase the cohort by only
3 additional cases.

Epidemiologie, mikrobiologie, imunologie 2021, ro¢. 70, ¢. 1
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DISCUSSION

In autumn 2020, some countries and regions are fa-
cing a second wave of COVID-19 epidemic, and the risk
of SARS-CoV-2 infection to the population is rising. As
the testing for the new coronavirus becomes faster and
more accessible, and the number of tests performed is
increasing, reports on possible reinfections start to ap-
pear[4,5,6,7].

This study includes all COVID-19 cases in the Czech
Republic with the onset before 31 October 2020 that
they were reported to the Infectious Diseases Informa-
tion System by 9 November 2020. Nevertheless, due to
delayed reports, the actual number of cases by the end
of the study period may be somewhat higher than that
shown in Figure 1.

To meet the predefined criterion of a 90-day interval
between the two episodes, the first episode of SARS-
-CoV-2 infection would have to happen by 2 August 2020.
To this day, the cumulative number of cases in the Czech
Republic was only 16 582, so only 4.6% of all cases report-
ed in the study period. While the first case of COVID-19
was identified on 1 March 2020, most cases (78%) were
diagnosed in October 2020, during the second wave of
the COVID-19 epidemic. In this light, 28 SARS-CoV-2 rein-
fections with two symptomatic episodes no less than 90
days apart occurred in 0.17% of all patients at risk of rein-
fection (28 out of 16 582). If 54 asymptomatic patients are
taken into account, the overall rate of reinfections is even
higher, reaching 0.49% (82 out of 16 582).

Both episodes of COVID-19 in all re-infected patients
were diagnosed by RT-PCR, i.e., by direct detection of
nucleic acid of SARS-CoV-2, which is the gold standard
for the diagnosis of coronavirus infection. However, no
test has 100% specificity and/or 100% sensitivity. Ac-
curacy of viral RNA swabs in clinical practice varies de-
pending on the site and quality of sampling. Other fac-
tors influencing accuracy are the stage of the disease,
virus replication rate, and viral clearance. In practice,
test performance may differ from the sensitivity and
specificity declared by the manufacturer, and the rate
of false-negative and/or false-positive results should
also be taken into account [8, 9.

Recent studies almost certainly ruled out the possi-
bility that a second infection would be merely a conti-
nuation of a first infection. The Hong Kong and Nevada
teams sequenced the viral genomes from the first and
second episodes of COVID-19 in humans and found
enough evidence to conclude that each of the two epi-
sodes was caused by a different variant of SARS-CoV-2.
Data on antibody response in reinfections have not
been available yet [10].

Unfortunately, neither sequencing nor serology data
have been available for our study patients with rein-
fections. However, records of negative results in one to
six RT-PCR tests between two episodes of SARS-CoV-2
infection have been available for 26 patients (92.9%).
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The protective role of antibodies or T-cell-induced
immunity against SARS-CoV-2 still remains unclear. The
detection of antibodies, specific antibody titers, is con-
sidered as the evidence of antiviral immunity and virus
neutralisation in the plasma.

Most patients develop antibodies to SARS-CoV-2
between days 10 and 21 after infection, although mild
cases may need longer time to produce antibody re-
sponse. In few patients, IgM and IgG antibodies are not
detectable at all [11, 12]. So far, we can only speculate
that patients with severe COVID-19 disease are deve-
loping more antibodies. This could provide possible ex-
planation for the fact that we see reinfections in our co-
hort exclusively in those who had a mild first COVID-19
episode.

Most patients (> 91%) after primary infection with
SARS-CoV-2 have IgG antibodies and neutralizing an-
tibodies in the serum (> 90%). The levels of antibodies
to other types of coronaviruses decline within 12-52
weeks after the onset of symptoms, and reinfections
with these coronaviruses have also been reported [13].

Antibodies to SARS-CoV-2 are detectable within up
to 94 days after infection, and recent studies mostly
have shown that antibodies peak between weeks 3 and
4 after infection and remain relatively stable for up to
four months after the diagnosis [14].

However, the activity of neutralizing antibodies de-
clines considerably over time [15].

Health condition in general and immunosuppression
can play an important role in reinfection, as shown by
a case report from Belgium [16].

Given the high number of asymptomatic SARS-CoV-2
infections and limits to the testing platforms, it is not
possible to determine with certainty how often reinfec-
tions occur in the population. Some cases are picked
up accidentally within the contact tracing process.
Abu Raddad et al. [17], similarly to our study, did not
perform whole genome sequencing for their patients.
They have concluded that false positivity cannot be
ruled out in asymptomatic persons and that it is not
possible to prove reliably whether the cases under
study actually are reinfections or persisting primary in-
fections. However, the fact that all of 28 study patients
had two symptomatic episodes practically rules out
the possibility of false positivity.

CONCLUSION

Documented COVID-19 reinfections are rare despite
the high number of cases reported to date. Among the
records analysed, symptomatic reinfections were iden-
tified in nearly 0.2% of patients, and if asymptomatic
cases are taken into account, reinfections occurred in
nearly 0.5% of all patients at risk of reinfection. How-
ever, the fact that most of our study patients with rein-
fection had mild symptoms in both episodes suggests

that reinfections may be underdiagnosed. Severe re-
infections were also observed, mostly in patients with
comorbidities as a risk factor for severe illness. The de-
tection of reinfection in several patients along with the
ambiguities regarding the generation, persistence, and
protectiveness of the immune response support the
recommendation for use of COVID-19 vaccine even in
those who already recovered from SARS-CoV-2 infec-
tion in the past.

In this context, emphasis needs to be put on the
importance of influenza vaccine during the COVID-19
pandemic as it may be beneficial by facilitating diffe-
rential diagnosis and preventing the overload of health
services due to influenza. Apart from this, influenza vac-
cine plays a crucial role in the protection of the elderly
population that is particularly vulnerable to COVID-19.
From the public health perspective, it is important to
continue the influenza vaccination programmes in the
winter seasons to come [18].

The COVID-19 disease has probably become part of
our lives, like other common respiratory diseases. We
will have to get used to the fact that SARS-CoV-2 will be
permanently present in the human population and we
will have to learn to live with it.

There are still several of unclear points regarding
SARS-CoV-2 reinfections, more exactly how long after
the disease antibody response will persist, under what
circumstances reinfections occur, and how theimmune
system responds to reinfection. In summary, COVID-19
reinfections are possible and not exceptional.

Further studies, experience, and data are needed to
properly assess the situation and to make a qualified
estimate of the needs.
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