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Abstract
COVID-19 immunity in infected individuals may not be persistent. The specific response wanes in patients who have recovered
from this infection. Nevertheless, it has not been fully understood whether true re-infection occurs or the viral reactivation. In this
study, we investigated three COVID-19 patients who represented the symptoms after recovery. Chest CT scan was applied to
assess the patients along with the viral samples from oropharyngeal/nasopharyngeal which were subjected to RT-PCR. The viral
genome sequencing was applied where possible to distinguish possible re-infection or latent reactivation. Moreover, COVID-19-
specific antibodies available data were evaluated in each incidence. The second episode of SARS-CoV-2 infection was different
among the investigated subjects who experienced an interval between positive PCR tests ranged between 63 and 156 days. The
disease presentation was less or more severe in the second infection. All cases were found IgG positive in the re-infection phase.
The sequencing of SARS-CoV-2 sample obtained from two cases revealed a D614Gmutation of S gene from the second isolated
sample strengthens the case for the re-infection. The possibility of re-infection and reactivation could have significant effect on
clinical implications and also vaccination. Our data supports clear warning of SARS-CoV-2 continuous circulation potency
among the populations in spite of herd immunity either with natural infection or vaccination. This issue is critical in term of the
patients, clinical investigate, and viral transmission.
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Introduction

COVID-19 pandemic has affected over 90 million infected
people with more than two million deaths worldwide [1].

The high contagion of SARS-CoV-2 by droplets and other
contact routes has resulted in outbreaks [2].

According to the studies which have been conducted on
people who once caught COVID-19, a healthy immune re-
sponse developed with both immunity arms, antibodies and
T cells [3–6].

After the clearance of SARS-CoV-2 virus, the im-
mune response is supposed to block a second infection
due to genera ted memories aga ins t the vi rus .
Considering this fact, people who recover from the in-
fection should be protected from another possible infec-
tion for at least some amount of time; however, the
length of this time has not been identified, yet [7, 8].
Some other viruses, the first infection could result in
lifelong immunity, however, short-lived immunity is
the outcome of seasonal coronaviruses [9, 10].

The exact mechanism of provided protection against
SARS-CoV-2 has not been known, nor have the required
levels of humoral or cellular responses been fully understood.
Some probable factors associated with the re-infection are age,

* Amitis Ramezani
amitisramezani@hotmail.com

1 COVID-19 National Reference Laboratory, Pasteur Institute of Iran,
Tehran, Iran

2 Department of Arboviruses and Viral Hemorrhagic Fevers (National
Reference Laboratory), Pasteur Institute of Iran, Tehran, Iran

3 Department of influenza and other respiratory viruses, Pasteur
institute of Iran, Tehran, Iran

4 Iranian Society for Support of Patients with Infectious Disease,
Tehran, Iran

5 Clinical Research Department, Pasteur Institute of Iran,
Tehran 1316943551, Iran

6 Rapid Reaction Force, Pasteur Institute of Iran, Tehran, Iran

https://doi.org/10.1007/s10096-021-04221-6

/ Published online: 18 March 2021

European Journal of Clinical Microbiology & Infectious Diseases (2021) 40:1713–1719

http://crossmark.crossref.org/dialog/?doi=10.1007/s10096-021-04221-6&domain=pdf
http://orcid.org/0000-0003-3502-8524
mailto:amitisramezani@hotmail.com


the health level of immunity system, correlated antibody, and
possible virus mutations. [11].

Some studies have also shown that COVID-19 with mild
presentation induces weaker immune responses which might
provide short protection rather than severe form of the infec-
tion [12, 13]. Most infected SARS-CoV-2 individuals reach
an antibody response during day 10 to day 21 post-infection.
Mild cases display this response after 4 weeks, and in a mi-
nority of cases, IgM and IgG are not detectable [14–16].
Neutralizing antibodies are generated after infection, and their
titers start to decline 2 months after the acute phase of the
infection according to some researches. On the other hand,
some studies detected antibodies for 6 months after the infec-
tion [17–19]. The second infection could be as the result of
antibody faint or the viral sequence mutation especially in
spike gene.

SARS-CoV-2 reactivation cases data are limited. COVID-
19 therapy with curative and eradicative effect is not currently
available. Reactivation seems to be more probable in those
who suffers from an underlying condition or immune suppres-
sion. Subjects who are susceptible to reactivation are those
with compromised immune systems such as dialysis patients
or patients undergoing immune suppressive therapy [20, 21].

Therefore, fundamental question among the present pan-
demic is how long the immune responses against SARS-CoV-
2 protect the host from re-infection or reactivation [9].
Moreover, a key question for COVID-19 is whether true re-
infection occurs or not. It is really important to be sure about
the negative cases in term of the test accuracy which brings the
concern of SARS-CoV-2 reactivation in cases who got the
infection and recovered. Moreover, the re-infection of the dis-
ease in the number of reported cases raises the consideration
of vaccine efficacy against COVID-19 [22, 23].

Hereby, we report a case series of patients with COVID-19
who experienced reactivation or re-infection after negative
PCR tests.

Materials and methods

In this study, COVID-19 suspected re-infected cases who
were referred to COVID-19 National Reference laboratory at
Pasteur Institute of Iran were investigated. COVID-19 was
assessed upon admission based on the COVID-19 diagnosis
and treatment flowchart in Iran (3rd edition) [24]. The
oropharyngeal/nasopharyngeal swab specimens, in viral
transport media (VTM), were assessed in the laboratory.
Viral RNA was extracted using a QIAcube HT system with
a QIAamp 96 Virus QIAcube HT Kit, according to the man-
ufacturer’s instructions. Real-Time Reverse Transcription
PCR (Real Time RT-PCR) assay was performed using
2019-nCoV Nucleic Acid Diagnostic kit (Sansure biotech,
Changsha, China), according to the manufacturer’s protocol.

Serology tests were also employed to assess humoral re-
sponses SARS-CoV-2 IgM Capture kit (cat no: PT-CoV-2-
IgM Cap-96 [sensitivity 70%, specificity: 75%] Pishtazteb,
Iran) and SARS-CoV-2 IgG kit (cat no: PT-CoV-19 IgG-96,
[sensitivity 78%, specificity: 91%] Pishtazteb, Iran) were ap-
plied according to the provided protocol. The viral sample
from each patient was finally subjected to sequencing to as-
sess probable mutation. Partial N (466bp) and S (899bp) frag-
ments were amplified using RT-PCR one step RT-PCR Kit
(biotechrabbit, Germany) according to Table 1. All PCR prod-
ucts were analyzed by gel electrophoresis and were mostly
confirmed by bidirectional Sanger sequencing. Due to the
low quality of samples, we could only sequence it partially.

Patients’ confirmed recovery was described as two RT-
PCT tests with negative result with 24-h interval. These men-
tioned methods were applied the same for both admission
steps.

Case presentations

All the procedures were in accordance with the ethical stan-
dards of the responsible committee on human experimentation
of Pasteur Institute of Iran under IR.PII.REC.1399.009 ethical
code and also with the Helsinki Declaration.

Three COVID-19 confirmed cases by CT scan or RT-PCR
in Pasteur Institute of Iran in March and April 2020, who
presentedCOVID-19 symptoms some months after negative
RT-PCR were studied (Tab.2). The patients’ symptoms reso-
lution was achieved in all cases before the second symptoms
initiation. None of the investigated subjects had underlying
disease. Most importantly, case#1 had exposed to a confirmed
infected family member and case#3 had contact to a con-
firmed colleague at workplace before they caught the disease

Table 1 The PCR primers and program applied in the study

N gene N1F primer GACCCCAAAATCAGCGAAATG

N3R primer TGTAGCACGATTGCAGCATTG

S gene Zabih OF TCAGACAAATCGCTCCAGGG

Zabih OR AGCAACTGAATTTTCTGCACCA

PCR program Temp. Duration Number of cycles

50°C 20 min 8
95°C 2 min

95°C 15 s

65°C 20 s

72°C 1 min

95°C 15 s 35
58°C 20 s

72°C 1 min

72°C 5 min
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in both episodes of the incidence. Only case #2 was not ex-
posed to any confirmed patient. Furthermore, they did not
catch the infection from the same source in each incidence
and all cases fully recovered after the second episode.

The first case, a 32-year old woman, had an interval of 63
days between the two infections. The COVID-19 infection
was confirmed by bilateral and peripheral ground-glass opac-
ities in chest CT. The antibody titration was achieved positive
by the rapid test (sensitivity 72%, specificity: 76%) for IgM
(At the time of second infection, IgG titration was assessed as
4.89 AU/ml which after two months turned to a significant
raise (over ELISA reader standard range). The disease presen-
tation was similar in both incidences, however with more se-
vere symptoms in the second time. The viral sequencing re-
vealed a D614G mutation of S gene from the second isolated
sample (Fig. 1).

The second case, a 54-year-old man whose infection was
confirmed by RT-PCR. He recovered from the disease after 22
days with negative RT-PCR. After an interval of 156 days, the
symptoms of the second infection appeared with less severity
and gastrointestinal presentation. IgM and IgG were detected
in the first incidence, and he was being followed up to the

second virus presentation. In the whole duration between
two incidences, IgG test was positive. Antibody titration at
the time of second infection showed that IgG level was 5.25
IU/ml which increased to 27.5 IU/ml after about 2 weeks. The
viral sequencing was obtained for N protein which showed no
difference of the virus clade in both incidences (Fig. 2). Both
sequences had L139L non-synonymous mutation, novel mu-
tation in nucleotide position 28688. S portion sequencing was
not achieved due to the low viral load.

A 42-year man was the third subject whose infection was
confirmed by RT-PCR and bilateral and peripheral ground-
glass opacities chest CT. He was fully recovered after the first
infection and his RT-PCR was negative after 22 days.
However, the antibody titration was not applied. He showed
the second COVID-19 infection with 111 days of interval.
The IgG titration was 17.5 IU/ml which decreased to 6.5 IU/
ml after almost 2 weeks. His clinical symptoms were similar
with more severe diarrhea in the second presentation step. In
this case, the cycle threshold (Ct) was high, so the viral se-
quencing was not achieved. Moreover, the viral sequencing
also revealed a D614G mutation of S gene from the second
obtained sample (Fig. 1).

Table 2 Covid-19 re-infected/reactivated cases characteristics

Cases No.1 No.2 No.3

Gender Female Male Male

Age 32 54 42

First infection 2020/04/20 2020/04/04 2020/03/10

PCR test N/A + +

N Ct* N/A 27 N/A

ORF Ct N/A 29 N/A

IgM + + N/A*

IgG _ + N/A

Second infection 2020/07/17 2020/08/22 2020/07/04

PCR test + + +

N Ct 17 29 31

ORF Ct 18 30 33

IgM _ _ + (rapid test)

IgG + + +

IgG titration 2020/07/20: 4.89 2020/08/23: 5.25 2020/07/21: 17.5

2020/09/02: over 2020/09/08: 27.5 2020/09/06: 6.5

IgG assessment post
infection onset

3 days 1 day 17 days

Infection interval 63 days 156 days 111 days

Primary clinical symptom Headache, sore throat,
cough, fever

Fatigue, anxiety, chest pain, cough,
fever

Shortness of breath, sore throat, shaking chills,
pain, diarrhea

Secondary clinical symptom Severe cough, fever, fatigue Milder fatigue, chest pain, dizziness,
diarrhea

Similar to the first infection with severe diarrhea

Sequencing finding D614G mutation L139L non-synonymous mutation D614G mutation

N/A: Not applicable

*Ct: Cycle threshold
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The serology tests of the cases were also investigated, and
all three cases were found IgG positive at the re-infection
incidence.

Discussion

The level of protective immunity mounted by SARS-CoV-2
infection is not currently known. Therefore, the re-infection
probability has been found notably considerable. In this study,
we reported 3 cases with suspicious for COVID-19 re-infec-
tion. The serology tests revealed that specific SARS-CoV-2
IgG presence is not enough to protect the second viral infec-
tion according to the findings. The disease presentation could
be less or more severe in the re-infected patients. Moreover,
the symptoms might be similar or different in each incident.

Recently, there have been few re-infected COVID-19 case
reports. The first case was reported from Hong Kong, a 33-
year-old man, who caught COVID-19 firstly in March with
mild symptom presentation. After 4 months and a half, he was
found PCR positive with high viral load but asymptomatic.
Antibody seroconversion was recorded on the second infec-
tion. This might be according to the short-lived immunity
which faints after a while [25].

The other reported case, a 25-year-old man from Nevada,
the USA was confirmed to be infected with the SARS-CoV-2
twice. The interval between two infections was found 48 days.
Surprisingly, he developed more serious disease in the second
time including myalgia, cough, and shortness of breath and he
required oxygen support. The data shows that both patients’
samples had genetic discordance which highlights the re-
infection possibility [26].

Another case report from Brazil was a nurse who caught
COVID-19 infection first in May 2020 with no specific un-
derlying disease but only sporadically headache. Following
the recovery and 38 days with no symptoms, late in
June 2020, she faced severe headache, malaise, myalgia, fa-
tigue, and fever feeling which developed with diarrhea and
coughing. Her SARS-CoV-2 RT-PCR test was positive on
5th day of the symptoms. Nevertheless, the SARS-CoV-2 an-
tibody detection rapid test (IgG/IgM) was negative. IgG was
detected on 19th and 33rd days after the new onset of symp-
toms [27].

Another case report was a 20-year-old woman from Israel,
diagnosed with Covid-19 in April 2020. She presented mild
symptoms including fever and cough, with no respiratory dis-
tress and was confirmed by a positive nasopharyngeal PCR
test. She cleared the virus in May. After 3 months, she became

Fig. 1 Alignment of partial S gene of cases No#1 and #2 in the second infection.

Fig. 2 Alignment of partial N gene of case No#2 in two episodes of infection. The sequences of first and second infections are identical even at c.28688
T>C (p.L139L).
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positive in August although she had no symptoms. Viral se-
rology in August revealed positive SARS-Covid-2 IgG anti-
bodies [28].

In the case report from Ecuador, the genome sequencing
was found different in two incidents. The subject firstly pre-
sented mild infection in May, whereas the re-infection led to a
moderate presentation [28, 29]. SARS-CoV-2 re-infection
with worse presentation which results in oxygen support re-
quiring and hospitalization raises concerns re-infection [30].

The USA and Ecuadorboth reportedre-infection cases who
experienced increased symptom severity during second infec-
tion. The infected cases from Belgium, Hong Kong, and the
Netherlands did not present more severe symptoms. There
have been three possible explanations for the patient’s more
serious symptoms including a higher viral load in the re-
infection phase than the first infection, a more virulent version
of the virus as the cause of the second incident and the devel-
oped antibodies which could result in the subsequent worse
infection [30, 31].

In the study from Hong Kong, after two genome sequenc-
ing on respiratory specimens during two episodes of a
COVID-19 infected patients, the results showed that the firstly
viral genome and the second one were belonged to different
virus clades with a stop codon at position 64 of orf 8 which led
to a truncation of 58 amino acids. They concluded that sero-
logical and genomic analyses were strong clues for the re-
infection instead of persistent viral shedding. The patient from
Hong Kong did not develop Covid-19 antibodies in first dis-
ease, whereas the second presentation led to antibodies detec-
tion. The viral genomes of these studies from Hong Kong,
Nevada, and Ecuador were sequenced to determine that the
two infections as separate events which resulted differently
[28, 29, 32, 33]. Coppolla et al. reported a PCR-confirmed
COVID-19 patient who experienced viral reactivation with
milder symptoms after 43-day interval and negative PCR.
This case had dyslipidemia and chronic ischemic heart disease
as underlying diseases [20].

The other SARS-CoV-2 reactivation case was a 55-
year-old female suffering from Philadelphia chromo-
some-positive, CD20-positive B-ALL, asthma, coronary
artery disease, and diabetes. After two negative PCR tests
and discharge, she re-presented the infection with more
severe symptoms. Considering the short time frame, reac-
tivation seems more rational than re-infection. This high-
lights the risks of recently recovered COVID-19 patients
who are on the treatment of immunosuppressive therapy
and raises critical questions about the reactivation of
SARS-CoV-2 [34]. Based on the observation, they sug-
gested that recovered patients must be considered as the
carriers of the virus and therefore an additional round of
follow up and isolation are needed [20].

There was a reported case from Italy, who recovered from
COVID-19 with positive serology. This 69-year-old woman

was suffering from type 2 diabetes mellitus and urinary tract
neoplasm. She was followed up for 1 month with six negative
PCR tests. Nevertheless, she presented a second IgM serocon-
version along with a positive RT-PCR after exposure to the
virus [35].

More recently, newSARS-CoV-2 variant in Brazil has report-
ed after the two mutated strains of the virus which were discov-
ered in the UK and South Africa. The newly reported variant of
the virus belongs to the B.1.1.248 strain which contains 12 mu-
tations in the spike protein. Although viruses are naturally sup-
posed tomutate, the SARS-CoV-2 variants are shown to bemore
transmissible in comparison with the original which started the
pandemic. Therefore, this could result in higher numbers of se-
rious infections and probable additional deaths [36].

Among the investigated cases in our study, sequencing also
suggests that two cases, No#1 & No#3, infected in two sepa-
rated steps according to the viral mutation (Fig. 1). The amino
acid change in the spike protein of the virus, D614G, has
emerged early during the pandemic as the viruses harboring
this mutation are now dominant in many places worldwide
[37]. There have been some evidences that the rapid spread
of G614was due to its more infectious potency than D614 and
a higher levels of viral RNA has been assessed in the clinical
samples from G614 infections[38, 39].

The recent study by usage of pseudovirus showed that 7%
of convalescent sera obtained from recovered COVID-19 sub-
jects contained reduced serum neutralizing activity against
614G in comparison with 614D [38]. According to the time
of the first infection, the predominant circulating virus in Iran
was D614 which initiated from China. After few months the
G614 type was also found in Iran from the European coun-
tries. Therefore, we can assume that the second virus was
different in the second infection occurrence and re-infection
was probable occurrence. Moreover, the symptomsweremore
serious in the second incidence.

The other case, patient No#2, experienced 157 days of
interval between the two incidences and was confirmed neg-
ative by RT-PCR. This patient was being followed up in every
scene of the disease until he fully recovered. Interestingly, the
IgG test was detected monthly in the period between to inci-
dences. Although IgG level raised in the second infection and
the symptoms appeared again, the virus type was the same in
both infections suggesting that re-activation of the infection
occurred (Table 2). As Fig. 2 shows, the N sequencing shows
a non-sense mutation T:C based on the similarity between the
symptoms and low severity in the second infection, reactiva-
tion seems more logical in this case. With the experience of
two infection episodes by two SARS-CoV-2 positive speci-
mens separated by a period of 157 days and also the resolution
of symptoms with negative RT-PCR, reactivation incidence
was more probable.

There has recently been an increasing number of COVID-
19 patients with the second episode of the infection in Iran. It

1717Eur J Clin Microbiol Infect Dis (2021) 40:1713–1719



seems that the patients who experience the second infection
have high Ct and low viral load. The other important issue is
that all the investigated cases in this study were IgG positive at
the second infection time with no specific underlying disease.
Although the applying serological platforms are differ-
ent worldwide and the comparison is not rational, the
protection potency of IgG is the fundamental matter.
The patients from the USA and Ecuador who had more
serious symptoms in re-infection phase strongly high-
light this issue. In other cases that experience mild pre-
sentation in the second episode, it is not fully under-
stood that present antibodies play a role or not.

Conclusion

We presented three cases of possible SARS-CoV-2 re-
infection or re-activation of latent virus, based on clinical
and laboratory evidence.

The reported cases from different countries has raised the
concern that re-infection or reactivation of SARS-CoV-2 affect
the efficacy of emerging vaccines. It had been generally thought
that once the infection occurs, immune response could prevent a
second infection in the same person. Nevertheless, the possibility
of re-infection which seems is growing worldwide has signifi-
cant effect on clinical implications and also vaccination. The
serology tests revealed that specific SARS-CoV-2 IgG presence
is not enough to protect the second viral infection. According to
the fact that reinfection has happened in cases who had devel-
oped IgG, the neutralizing potency of the produced antibodies is
unknown. There is also another consideration about new viral
mutations which are not recognized by existing immunity.
Although the distinct between the re-infection and reactivation
of SARS-CoV-2 is challenging, these results might be clues of
SARS-CoV-2 potency to circulate continuously between the
populations despite herd immunity either with natural infection
or vaccination. We can conclude that asymptomatic patients in
the second infection could strongly impose a threat to the society.
Therefore, PCR test must be considered to determine the second
incidence which is really critical in term of the patients, clinical
investigate, vaccination study, and viral transmission.
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