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A B S T R A C T   

Since the COVID-19 pandemic initiation, the possibility of re-infection has been unclearly present. Although herd 
immunity has a potential reliance through natural infection, human corona viruses has the ability to subvert 
immunity and re-infection happens for seasonal corona viruses. Currently, the frequency of SARS-CoV-2 re- 
infection incidence is not exactly defined. In this study we aimed at determination of SARS-CoV-2 re-infection 
rate in Iranian population. 

In a total of 5696 COVID-19 suspicious individuals, RT-PCR was applied to diagnose the infection. The 
confirmed patients were followed for 12 months and serology tests were applied to measure the specific 
antibodies. 

Among 1492 confirmed COVID-19 cases, five individuals experienced the subsequent infection. The re- 
infection/reactivation incidence rate was totally 0.33% after one year of follow-up. The interval ranged from 
63 to 156 days. All the cases had viral mutations in the second episode of the infection. All of them were 
symptomatic cases with moderate severity. 

The estimated rate of SARS-CoV-2 in Persian population is therefore rare and natural infection seems to induce 
good protection against re-infection which clarifies that mass vaccination can hugely affect the society.   

1. Introduction 

Since December 2019, severe acute respiratory syndrome coronavi
rus 2 (SARS-CoV-2) has spread globally, infecting over 149 million 

people across more than 220 countries [1]. There have been some 
published data which reported cases of possible re-infection s in in
dividuals who had recovered from the prior SARS-CoV-2 episode of 
infection. Moreover, a growing pool of evidence has highlighted the 
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recurrent infection possibility within a few days post recovery from 
coronavirus disease 2019 (COVID-19) [2–5]. Therefore, the challenges 
in determining true re-infections whereas persistent viral shedding are 
still discussed. Therefore, additional lines of assessment to support a 
re-infection diagnosis have been highlighted including sequencing of 
viral genes [2,4,5]. 

A true diagnosis of SARS-CoV-2 re-infection must be established 
when complete viral clearance is achieved after the first episode of 
infection. Moreover, sufficient time is needed to allow for mounted 
immune responses [6]. The studies which focus on characterizing 
COVID-19-related immunity have shown that binding and neutralizing 
antibodies developed in response to SARS-CoV-2 infection and could 
provide protection up to six months after the onset of symptoms. Anti
body titers establishment as a correlated factor with protection should 
be defined as a protective element which would be extremely critical for 
both patient management and public health considerations [7,8]. In 
fact, the importance of re-infection determination in a community can 
reflect the quarantine policy and vaccine development strategies. 
Although the cause of SARS-CoV-2 re-infection/reactivation has not 
been fully characterized, some factors were found to be associated with 
its possibility including age and underlying diseases [9]. What is more, a 
study on a large population has revealed that individuals who once 
experienced COVID-19, had lower re-infection and symptomatic infec
tion risks of 84% and 93% respectively within 7 months of follow-up 
[10]. 

The rates of protection against subsequent infections of SARS-CoV-2 
is still little known although some studies suggest that SARS-CoV-2 re- 
infection occurs in less than 1% of those who previously were positive 
for SARS-CoV-2 [11,12]. Nevertheless, most of the findings are based on 
several single or small case studies. Therefore, determination of the 
re-infection rate in large population can contribute to a better under
standing. In other words, more epidemiological case definition of 
SARSCoV-2 re-infection is crucial to strengthen community surveillance. 
In this study, determination of COVID-19 re-infection rate among Ira
nian population was investigated. 

2. Materials and methods 

In this study, 5696 COVID-19 suspected cases were enrolled and 
studied at COVID-19 National Reference laboratory at Pasteur Institute 
of Iran. The SARS-CoV-2 diagnosis and treatment was performed ac
cording to the standard flowchart in Iran (3rd edition) [13]. Viral RNA 
extraction was done by a QIAcube HT system with a QIAamp 96 Virus 
QIAcube HT Kit, according to the manufacturer’s instructions. Real 
Time Reverse-transcription PCR assay was applied using 2019-nCoV 
Nucleic Acid Diagnostic kit (Sansure biotech, Changsha, China), in 
accordance to the manufacturer’s protocol. SARS-CoV-2 specific anti
bodies were tracked by IgM Capture kit (cat no: PT-CoV-2-IgM Cap-96 
[sensitivity 70%, specificity: 75%] Pishtazteb, Iran) and IgG kit (cat no: 
PT-CoV-19 IgG-96, [sensitivity 78%, specificity: 91%] Pishtazteb, Iran) 
according to the provided protocol. The full recovery of COVID-19 was 
described as two RT-PCR tests with negative results with 24 h of interval. 
This study was approved by the ethics committee of Pasteur Institute of 
Iran (approval ID: IR.PII.REC.1399.064). 

3. Results 

During the one-year period of this investigate and admission of 5696 
COVID-19 suspected subjects, 1492 cases were confirmed. The 
confirmed patients were followed up for one year. Symptomatic cases 
were considered for molecular and serological tests for COVID-19. 
Considering both re-infection and viral reactivation, the subsequent 
infection was recorded for five individuals, 0.33%, among all from 
whom four were males and one was female ranging from 32 to 54 years 
old. The interval between the two episodes ranged from 63 to 156 days. 
The sequencing results showed different mutation patterns between first 

and second episodes in two cases indicating the occurrence of re- 
infection (No.4, 5) (Table 1). By the way, in two subjects (No.1, 3) we 
had no access to first sample but D614G mutation was detected at the 
second time. According to the time of first infection, the predominant 
circulating virus was D614 and few months later, G614 type became 
dominant in our country. Therefore, we considered these cases as 
possibly re-infected ones (Table 1). 

One case sequencing revealed L139L non-synonymous mutation in 
both episodes that was assessed as a SARS-CoV-2 reactivated case. 

Moreover, four cases were found IgG positive in the re-infection 
phase except one whose full viral sequencing showed 6 new mutations 
in the second episode in comparison with the first incidence [14,15]. 

All of them were symptomatic cases with moderate severity except 
one case who presented with mild infection in first episode and mod
erate infection with lung involvement in second time (case No.5). 
Therefore, re-infections mostly were well-tolerated and no more symp
tomatic than first infections. 

Additionally, we had four other symptomatic cases compatible with 
COVID-19 presentations, and SARS-CoV-2 RT-PCR tests positive but 
probably due to the low quality of samples and high cycle threshold, 
these cases were not confirmed and documented by viral genome 
sequencing as re-infection individuals. 

4. Discussion 

The possibility of SARS-CoV-2 re-infection or reactivation can 
significantly reflect clinical implications and also vaccination strategy. 
In the present study, we assessed the frequency of SARS-CoV-2 re- 
infection/reactivation in Iranian population according to a long term 
follow-up and the previous studies on re-infection case reports. This 
study showed that the documented subsequent infection in our popu
lation is 0.33% which can be defined as a rare incidence. All of them 
were symptomatic cases with moderate severity. Our results suggested 
that re-infections are mostly well tolerated and no more symptomatic 
than first infections. 

In a study which was done on 3249 participants from the U.S, 189 
individuals were seropositive from whom 10% had at least one SARS- 
CoV-2 positive PCR test during the 6-week follow-up. In contrast, 48% 
of the seronegative individuals tested positive and the incidence rate 
ratio was assessed 0.18. Moreover, among the seropositive cases with 
lower baseline of spike protein IgG titers, infection rate was more than in 
those who had higher baseline of SIgG titers [16]. 

SARS-CoV-2 re-infection investigate in India revealed the rate of 
4.5% (58 out of 1300 cases). Furthermore, the vast majority of the 
participants was asymptomatic and showed higher Ct value during the 
first infection [17]. 

The other survey which was done in Denmark showed that 0.65% of 
the confirmed COVID-19 cases in the first incidence reached positive 
PCR again after the follow-up. In comparison those who were PCR 
negative in the first step of the study, 3.27% developed the infection 
during the follow-up. Therefore, they found that protection against re- 
infection was 80.5%. Moreover, age was found an important factor for 
repeated infection as protection was 47.1% among those older than 65 
years [18]. 

The other study by Abu-Raddad et al. on 43,044 positive cases who 
were followed for about 4 months, 0.7% individuals had a second pos
itive PCR two weeks after the positive serology test. From this popula
tion, 41% had epidemiological lines of evidence for the re-infection. The 
final sequencing assessment recorded 0.1% re-infection rate in the 
investigated population in Qatar [19]. Most of Re-infection cases were 
mildly symptomatic whereas 1 severe and 2 moderate subjects. These 
results suggested that most of re-infections had-well tolerated condition. 

Pilz et al. reported low re-infection rate of SARS-CoV-2 in Austria. 
These findings showed that natural infection might induce strong pro
tection against re-infection which is comparable with vaccine effica
cious in Austria [20]. 
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Our study is compatible with other investigations regarding scarce 
rate of SARS-CoV-2 re-infections. During the COVID-19 infection, the 
induced antibodies by initial infection can be largely protective. How
ever, they might not guarantee preventive SARS-CoV-2 further immu
nity against subsequent infection. These findings from different 
population can be practical for mass vaccination strategies. Although 
SARS-CoV-2 re-infection has been still a rare phenomenon, the epide
miological definition of re-infection is required for surveillance estab
lishment and this study contributes to such an essential goal. 

4.1. Limitations 

A limitation of the current study is that the few cases were not 
confirmed and recorded as re-infected individuals by viral genome 
sequencing due to low sample quality and high cycle threshold. 
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