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Introduction

The SARS-CoV-2 pandemic has changed all health and 
social priorities around the world, and special emphasis has 
been given to the strengths of the different health systems 
and policy decisions. During the first wave in March and 
April 2020, the majority of the patients attended to by the 
Emergency Departments of European and Spanish hospitals 
was due to SARS-CoV-2 infection and its clinical conse-
quences.1 Then, we did not know what would happen once 
people had had the infection and what real likelihood of rein-
fection could be expected. Some months later, we have 
greater knowledge about different therapeutic options and 
types of diagnostic tests, and in January 2021 vaccination 
campaigns began throughout Europe.

After 2 years of the pandemic, more than 10 different var-
iants of coronavirus have been detected with different 
impacts on the waves of the disease in different countries. 
The relaxation of restrictive measures has favoured citizens’ 
travel movements and hence the propagation of the various 
strains. The most relevant have been Delta and more recently 
the appearance of Omicron. A recent study conducted in 
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Barcelona in 20212 showed multiple lineages were co-circu-
lating under a neutral selection evolution until massive vac-
cination campaigns started, but a different predominant 
lineage was observed in each pandemic wave, suggesting 
acquired genetic advantages over other previous circulating 
variants.

Genome sequencing is essential to distinguish viral 
reinfection from viral reactivation.3 However, the rapid 
evolution of the pandemic and the lack of protocolized 
genome sequencing of positive cases not only limits health 
monitoring but also the definition and detection of cases of 
reinfection.4

Between June and December 2020, different labs and 
research institutes were trying to find out whether patients 
previously infected with SARS-CoV-2 could be reinfected or 
not, and if not, how long their immunity would last. Since 
the appearance of the first cases of reinfection,5 after the first 
wave, evidence of reinfection has increased. In the United 
Kingdom, a research study detected eight reinfections 
(0.075%),6 and various articles have reported reinfection 
around the world. Initially, researchers believed that reinfec-
tion was due to viruses with immune escape mutations.7

In our region of Lleida, in north-eastern Spain, we have 
the particularity that we have suffered an extra wave of the 
pandemic compared to the rest of Spain. In addition to the 
waves of March and November 2020, we also faced a severe 
wave in July 2020 as a result of an accumulation of seasonal 
harvest and agricultural workers. This wave severely 
strained the health system because a huge number of new 
cases were detected, and control and quarantine measures 
were in some cases difficult to follow. Due to the above 
reasons, our region has experienced a high incidence of 
SARS-CoV-2 infection.

The CDC8 argues that patients can be reinfected 90 days 
after prior infection, or sooner in the case of subjects with 
some immune defects, or professionals who are greatly 
exposed to the virus, such as healthcare workers. During all 
these months, the criteria and options for considering a case 
as being a reinfection have changed. Today, we know that the 
result of a polymerase chain reaction (PCR) can remain posi-
tive many weeks after the first episode.9 A recent review10 
outlined how in previous studies, some cases have been 
declared reinfections due to a PCR test being positive more 
than 6 weeks after the first symptoms.11 Another review casts 
doubts as to the real possibility of reinfection.12

The duration of natural immunity in terms of protection 
against reinfections and related morbidity and mortality may 
be key for the SARS-CoV-2 pandemic. It seems that more 
than one-third and possibly more than half of the global pop-
ulation may have already been infected (at least once) with 
SARS-CoV-2 by the beginning of 2022, with the majority of 
cases not being officially detected and reported.13 In fact, in 
our country, patients have been described to have been rein-
fected by the Omicron strain having already been infected by 
the Delta strain.14

Due to insufficient evidence on the real possibilities of 
reinfection, we have conducted this study with the aim of 
detecting whether there have indeed been cases of reinfec-
tion and describe their clinical characteristics.

Methods

Retrospective observational study of all patients with SARS-
CoV-2 treated in the Lleida health region between 1 March 
and 30 November 2020.

Patients were treated in primary care centres in our region 
and at the Arnau de Vilanova University Hospital. This 
healthcare region serves 300,000 people.

Data source

Data were taken from two different information systems. On 
the one hand, patients registered with the public system who 
consulted their general practitioner or an emergency service 
by means of the Electronic clinical workstation (SAP® and 
Electronic-Centre d’Atenció Primaria (ECAP) for its acro-
nym in Spain15) programmes. On the other hand, all cases of 
SARS-CoV-2 notified to our region’s public health authori-
ties. Thus, we managed to detect almost all cases, even those 
displaying few symptoms or who self-diagnosed by using an 
antigen test.

Data from the databases were crossed, and cases that were 
registered twice were eliminated. Of all the patients we 
obtained, we finally collected those who had contacted the 
healthcare system and diagnosed with SARS-CoV-2 on two 
separate occasions in 90 days.

Inclusion criteria

We included all patients attended in the Lleida Health Region 
due to SARS-CoV-2 disease between March and November 
2020.

Exclusion criteria

We only excluded patients who did not consent to participate.

Variables

Definition of reinfection. Reinfection refers to patients whose 
nasopharyngeal swab (PCR) test yields a positive result 
separated by at least 90 days, according to the current CDC 
recommendations.16 Moreover, such patients must have a 
negative PCR between episodes or negative antibody levels 
(immunoglobulin G) at the onset of the second episode. We 
have taken into account PCR conducted by health personnel 
at certified laboratories in our region.

Following to the Spanish Ministry of Health recommen-
dations, despite being asymptomatic, patients testing posi-
tive 90 days after the initial symptoms underwent serology to 
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detect the presence of high levels of immunoglobulin M and 
the existence of any new active infection.

Clinical variables. We evaluated risk factors for SARS-CoV-2 
disease like previous lung disease, diabetes, hypertension 
and smoking habits.

We reported different clinical variables such as duration 
of symptoms, hospitalization requirements, the need for tak-
ing sick leave and the treatment received. The same clinical 
variables were evaluated for the second episode.

Other variables. We recorded the sociodemographic varia-
bles of all cases of reinfection and whether they were people 
working in the healthcare environment.

Statistical analysis

The descriptive analysis includes absolute and relative fre-
quencies for the qualitative variables and median and inter-
quartile range for the quantitative variables. R software17 
was used for data analysis.

Ethical statement

Neither the patients nor the public were involved in the design, 
development, reporting or dissemination plans of our research.

The study was approved by the Research Ethics Committee 
of the Regional Catalan Health System with ID 2020/2350. 
Verbal informed consent was obtained from all reinfected sub-
jects before the study. Informed consent was verbal in accord-
ance with the Research Ethics Committee of our centre.

The Ethics Committee exempted us from obtaining 
informed consent of all the patients we reviewed prior to 
obtain the final sample, since it was a retrospective study.

Results

In our health region, 358,998 people live in Lleida. Of the 
27,758 patients diagnosed with SARS-CoV-2 infection in 
the study period, 20,534 patients had a positive PCR. Of this 
group of patients, 972 performed a consultation related to 
the infection separated by at least 90 days (Figure 1).

Of this group of patients, 14 were identified as cases  
of SARS-CoV-2 reinfection (0.068%). These reinfected 
patients had a positive PCR test, followed by a negative PCR 
test and a second PCR test 90 days after the initial symptoms. 
The sample selection is described in Figure 1. Of the rein-
fected sample, 85.7% were women, mainly young (median 
41.5 years). None of the patients were smokers or diabetic. 
Only two patients had previously suffered lung disease. Two 
health professionals were reinfected during the study period.

The mean duration of symptoms was 8.5 days, and none 
of the 14 patients required hospitalization. Most of them did 
not receive treatment (Table 1). A negative PCR was obtained 
after the first episode by 12 of the 14 patients. In the other 

two, it was not performed. The average number of days 
between a negative result and the second episode was 
91.5 days [12–176]. The number of days between the initial 
symptoms of the first episode and the second episode was 
112 days [72–188].

In the second episode, the duration of symptoms was shorter 
(at 6 days). Of the 14 patients, three required hospitalization and 
two died (14.28% of the sample). Both patients who died were 
women with no respiratory comorbidities. Five patients (35.7%) 
were asymptomatic in the first episode, whereas three cases 
(21.4%) were asymptomatic in the second.

Discussion

This is the one of the first study in our country on SARS-
CoV-2-reinfected patients. However, in Europe, other pro-
jects have studied the reinfected patients. For example in 
Denmark, Hansen et al.18 found that reinfection was seen in 
certain population groups, especially in older people.

In Austria, Pilz et al.19 found that the reinfection rate after 
SARS-CoV-2 infection was low. In Qatar, Abu-Raddad 
et al.20 warned that reinfections were rare, but could increase 
with the introduction of new variants of the virus.21

Up until today, our healthcare area is the only region in 
Spanish that has suffered seven waves, and the patients eval-
uated have been diagnosed during the three waves we have 
undergone in 9 months. During the first weeks after the first 
wave, many researchers tried to find out whether infected 
patients can be reinfected.22 The reinfection rate prior to the 
vaccination campaigns was under 1%. One study23 has 
detected a higher reinfection rate, but those reinfections have 
been always lower than 1% of cases. Other research con-
ducted in China24 described some cases of reinfection but 
with less than 90 days between episodes.

In our sample, the majority of reinfected patients were 
women, especially young women, as the study by Breathnach6 
reports. We think this is particularly interesting because the 
available evidence shows that men usually present with 
severe disease.25 However, other studies have shown greater 
reinfection among women.26,27 This is interesting and 
prompts the possibility of considering new lines of research. 
Our sample did not include any pregnant or immunosup-
pressed patients. We were unaware of the professions of the 
reinfected patients, but we knew that 2 of the 14 reinfected 
patients were health workers. It would make sense that 
women who generally play a greater role as caregivers (of 
both children and the elderly) may be more vulnerable to 
reinfection, as could occur with health professionals.

All of the patients included had a mild first episode of 
infection (none of them required hospitalization), and the 
second episode was shorter in duration. None of the patients 
had respiratory distress. It could be that patients with a mild 
initial episode developed low immunity, thus facilitating 
reinfection. Indeed, a study conducted in France28 revealed a 
correlation between levels of antibodies and the severity of 
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infection by SARS-CoV-2. However, further studies will be 
needed to verify this.

Our study is mainly based on patients who, apart from 
having a repeat positive PCR, have no symptoms, which 
until now questioned whether patients actually could be rein-
fected. However, three of the reinfected patients had clinical 
complications, and two of them died. The main characteristic 
of the deceased patients was that both were over 85 years of 
age, with no previous lung disease.

The main challenge that remains for us is to assess 
whether patients can be reinfected by a different strain of the 
virus or whether the virus that has caused the first episode 
can be reactivated, as previously mentioned.29 However, in 
our study, we spaced the two episodes over 90 days, corre-
sponding to the longest-persisting positive PCR described.

Strengths and limitations of this study

The main strength of our study is that our sample is very broad 
and includes patients who have been diagnosed in one of the 

three waves we suffered in our region between March and 
November 2020. However, one of our main limitations is that 
we were not able to perform genetic sequencing of the virus 
because in the first wave the samples of many swabs were not 
kept. As we have explained, given the appearance of different 
strains, sample sequencing is of utmost importance. Moreover, 
we did not calculate power analysis because all patients were 
included consecutively as they attended. In addition, one of 
the limitations is that at the moment there are new variants that 
can change the evolution of the different waves of SARS-
CoV-2 infection.

Conclusion

Our main finding is that the rate of SARS-CoV-2 reinfection is 
very low and is often associated with mild symptoms, but it 
may cause complications in elderly patients. Probably because 
there were few patients at risk of reinfection, and new variants 
of the virus had not yet spread. Moreover, nowadays we have 
more tools to detect and to evaluate SARS-CoV-2 infections.

Figure 1. Flowchart of patients included.
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We conclude that men are more likely to suffer severe 
infection with SARS-CoV-2, but women are more likely to 
be reinfected. Although to date reinfection with the Delta 
variant seems to be rather exceptional, in all of the series 
referred to, the new Omicron variant has also been seen to 
avoid the natural immunity gained from having been previ-
ously infected by the disease. Further research should be 
conducted to confirm our results.
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