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Introduction: As the SARS-CoV-2 continues to evolve, new variants pose a

significant threat by potentially overriding the immunity conferred by vaccination

and natural infection. This scenario can lead to an upswing in reinfections,

amplified baseline epidemic activity, and localized outbreaks. In various global

regions, estimates of breakthrough cases associated with the currently circulating

viral variants, such as Omicron, have been reported. Nonetheless, specific data on

the reinfection rate in Chile still needs to be included.

Methods: Our study has focused on estimating COVID-19 reinfections per wave

based on a sample of 578,670 RT-qPCR tests conducted at the University of

Santiago of Chile (USACH) from April 2020 to July 2022, encompassing 345,997

individuals.

Results: The analysis reveals that the highest rate of reinfections transpired during

the fourth and fifth COVID-19 waves, primarily driven by the Omicron variant.

These findings hold despite 80% of the Chilean population receiving complete

vaccination under the primary scheme and 60% receiving at least one booster

dose. On average, the interval between initial infection and reinfection was found

to be 372 days. Interestingly, reinfection incidence was higher in women aged

between 30 and 55. Additionally, the viral load during the second infection episode

was lower, likely attributed to Chile’s high vaccination rate.

Discussion: This study demonstrates that the Omicron variant is behind Chile’s

highest number of reinfection cases, underscoring its potential for immune

evasion. This vital epidemiological information contributes to developing and

implementing e�ective public health policies.

KEYWORDS

COVID-19 pandemic, SARS-CoV-2, vaccines, variants of concern, reinfection

1. Introduction

The SARS-CoV-2 is responsible for the current global COVID-19 pandemic, which
has resulted in more than 690 million infections and almost 6.8 million deaths worldwide
(1). Even though governments and health authorities have implemented numerous
measures to prevent or mitigate contagion, the most effective way to control the
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pandemic is by reducing the number of susceptible individuals in
the population. While natural infection by SARS-CoV-2 leads to
robust humoral and cellular responses (2), most vaccines can also
induce high titers of neutralizing antibodies (3). Various studies
on the duration of humoral immunity after a natural infection
have reported anti-spike IgG antibodies lasting up to 90 days (4),
6 months (5), and even 11 months (6) after the clinical recovery of
the patient.

On the other hand, although immunity from vaccines is still
being actively studied, it has been found to last at least 6 months
(7). Additionally, new variants of SARS-CoV-2—compared to the
ancestral virus—have emerged that can overcome patient immunity
due to immune-evading mutations (4, 8). In effect, the Omicron
variant, which was declared a variant of concern on November
26, 2022 by the World Health Organization (WHO) (9), has
led to a surge of cases in different parts of the world (10, 11),
albeit associated with reduced case fatality rates compared to other
previous waves of infections, such as the Delta variant waves (12,
13). Omicron subvariants (including BA.1, BA.2, and BA.4/5) have
higher immune evasion ability because of additional individual
mutations in the S protein (14). Therefore, newer subvariants of
Omicron, BQ.1 and BQ.1.1, characterized by increased resistance
to neutralizing antibodies, are becoming predominant (15).

The decrease in immunity over time after infection or
vaccination and the appearance of new, more elusive variants
of SARS-CoV-2 are closely related to reinfections and can result
in COVID-19 outbreaks. However, probably, many patients have
not been correctly diagnosed, underestimating the official global
COVID-19 statistics [revised in (16)]. While numerous isolated
reinfections with new variants of SARS-CoV-2 have been reported
(17–19), the frequency of reinfection continues to be the subject of
the study.

The risk of reinfection has been reported in some studies. The
first reports considered reinfections in individuals who previously
had COVID-19, which were infrequent (20, 21). The extension
of vaccination in different populations and the emergence of
new variants during the pandemic became critical factors in
determining the incidence of reinfection cases. For example, a study
in Malaysia in 2022 reported that the reinfection rate was 6.6 times
higher during Omicron circulation than other variants, regardless
of the age group, while booster doses decreased the frequency of
reinfection compared to sub-optimally vaccinated individuals (22).
A study in Iceland in 2022 found that the reinfection rate was 15%
among people aged 18–29 during the Omicron wave (23). Multiple
reinfections have been reported in South Africa (24), although the
incidence of reinfection is higher due to the low percentage of
vaccination. However, there are no reports on the rate of reinfection
in Chile during the Omicron surge. This country has one of the
highest vaccination rates in Latin America [revised in (1)]. This
study involves the RT-qPCR tests carried out during the pandemic
in the Diagnostic Laboratory of the University of Santiago de
Chile (USACH), which reached 578,670 samples of nasopharyngeal
swabs (NPSs) from different communes of Santiago de Chile up
to July 2022, to analyze the incidence of reinfections. Our results
reaffirm the high capacity to evade the immune response presented
by the Omicron variant compared to other surges of infections
generated by different variants due to the higher prevalence of
reinfections under the domain of this variant, even in a population
with a complete vaccination schedule ∼80%. This report suggests

special attention to the increase in reinfection events since they
could be related to possible risk groups or the appearance of new,
more evasive SARS-CoV-2 viral variants in the population.

2. Methods

2.1. Study design, sample collection, and
COVID-19 diagnosis

The Virology Laboratory of the Universidad de Santiago
de Chile (USACH) performed 578,670 RT-qPCR diagnostic
tests on nasopharyngeal swab samples (NPSs) from the Central
Metropolitan Health Service (CMHS). The CMHS has a catchment
population of approximately one and a half million and overseas
two hospitals and 17 primary care centers in the western area of
the Santiago Metropolitan Region (M.R.). Of these 578,670 RT-
QPCR tests, 345,908 corresponded to patients (including positive
and negative diagnoses), with 44,181 positive tests from 43,638
patients infected. Diagnostic testing was done from 1 April 2020
to 31 July 2022. The RT-qPCR tests of the M.R. began in the
first few days of March 2020. In addition, total RNA from 250
µl of NPSs was extracted as previously described using the Total
RNA purification Kit (Norgen Biotek Corp) (25). The detection
of SARS-CoV-2 was carried out using the ORF1ab gene probe
from TaqManTM 2019nCoVAssay Kit v1 (Thermo Fisher Scientific,
Reference code. A47532) as previously reported by our group
(26). We included samples with matching identification numbers
to accurately identify RT-qPCR tests from the same patient
across different periods. These tests were then grouped based
on the Chilean ID number and the date of sample collection.
Any discrepancies in dates were individually resolved by cross-
referencing the sample ID number with the sample collection
date. In case of sex discrepancies, these were manually rectified.
Considering the duration of this study extended beyond 2 years,
the age reported corresponds to the patient’s age at the time of the
first test. This methodology provided unambiguous identification
of all tests conducted per patient and facilitated the tracking of
respective reinfections.

2.2. Analysis of infections and reinfections

Five surges were registered in Chile during the study period,
which was defined using the data from the M.R. The onset of
each wave was determined using the moving average of daily cases,
with a window of 7 days to decrease day-to-day variability. The
start of each surge was defined when the number of new cases
exceeded three standard deviations compared to the previous 3
days. This change in standard deviation coincided with the rate
change (first derivative) of the number of cases. The difference in
standard deviation could not always be used to determine the end
of each surge because it did not always coincide with the change
in the slope of the number of points. Moreover, in some cases,
the number of points at the end of the surge reached a different
level than at the beginning. For those reasons, the end of the wave
was defined as the date when the rate of change in the number of
cases was closer to zero for at least five consecutive days. Thus,
five waves were defined and are shown in Table 1. Reinfections
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TABLE 1 Waves of infections in Chile.

First wave Second wave Third wave Fourth wave Fifth wave

Start 22 April 2020 1 December 2020 16 September 2021 25 December 2021 2 May 2022

Final 1 August 2020 1 August 2021 5 December 2021 10 April 2022 31 July 2022

Duration 101 days, 3.4 months 243 days, 8.1 months 80 days, 2.7 months 106 days, 3.5 months 90 days, 3.0 months

were identified by analyzing wave pairs, with the first infection
occurring during the first wave of the couple and reinfection in the
second wave. In addition, the second positive test must be at least
>90 days after the first positive diagnosis, as previously reported
in reinfection studies (27) and according to the Pan American
Health Organization (PAHO) criteria (28) and Centers for Disease
Control and Prevention (CDC) in 2023 (29). The percentage of
reinfection was calculated as the number of reinfections over the
number of positive cases in the first surge of the pair. The incidence
of reinfection was computed as the number of reinfected patients
divided by the cumulative number of persons-day at risk. This
follow-up time was calculated as the sum of days from the first
positive test to the second positive test or the end of the last surge
of the pair. Confidence intervals were computed at 95%.

To study reinfections independently of the surges (overall
reinfection in the study period), a dataset was built with the only
criterion being the interval between positive tests >90 days. The
percentage of reinfection was calculated as described above. For
the incidence rate, the follow-up time for patients with only one
positive test was calculated up to the end of the study.

2.3. Public data sources

National PCR data fromM.R. were obtained fromMinisterio de
Ciencias Tecnologia Conocimiento e Innovacion (30). SARS-CoV-
2 variants were obtained from the GISAID platform (https://gisaid.
org/) and Genomic Surveillance Program from Instituto de Salud
Publica de Chile (31). Data were analyzed with custom software
written in Python.

2.4. Ethics

This study was authorized by the Ethics Committee of the
University of Santiago of Chile (No. 226/2021) and the Scientific
Ethical Committee of the Central Metropolitan Health Service,
Ministry of Health, Government of Chile (No. 370/2021), following
Chilean legislation.

3. Results

3.1. Dynamics of epidemiological surges

From 1 April 2020 to 31 July 2022, the COVID-19 diagnostic
laboratory at the Universidad de Santiago de Chile (USACH)
conducted a total of 578,670 RT-qPCR tests. These tests, performed
on nasopharyngeal swab samples, were referred by the Central
Metropolitan Health Service. The number of tests correspond to

345,908 distinct individuals. Of these individuals, 43,658 were
diagnosed positive for COVID-19, accounting for 44,181 of the
positive RT-qPCR tests conducted.

During the period under review, the quantity of RT-qPCR tests
conducted by USACH, represented in red, exhibited significant

variability when compared to the entire Metropolitan Region of
Santiago, Chile (M.R.), represented in black, as shown in Figure 1A.

While the data from the M.R. also demonstrated some degree of
weekly variability, it was markedly less pronounced.

By February 2022—the fourth wave—USACH testing capacity

peaked at 2,000 tests per day, and by the end of the fifth wave had
dropped to 500 tests per day. In the M.R., there was a significant
shift in the volume of RT-qPCR tests performed daily between the
fourth and fifth waves of the pandemic. During the fourth wave,
the M.R. reached a peak of 40,000 tests per day, but this number
nearly halved to ∼20,000 tests per day during the fifth wave. This
represented a considerable reduction of nearly 50% in regional
testing at the national level (Figure 1A). The volume of positive
cases began notably high at the onset of the pandemic, during
the first wave. However, this number subsequently experienced
a substantial surge during the fourth wave. This pattern of case
incidence was observed similarly in the USACH and the M.R.
(Figure 1B). The increased number of infected patients is directly
related to increased positivity (defined as positive cases over the
total tests analyzed) during the study period. In the first wave, the
positivity reached 0.7 for both the overall M.R. testing and the
USACH tests. This positivity varied during the pandemic, reaching
its lowest value in the third surge, with a relative value of 0.05 for
M.R. and USACH. For the fourth surge, the positivity came to 0.4,
while, by the end of the fifth surge, it reached 0.25 in USACH data,
while for the rest of the wave, the M.R. was close to 0.3 (Figure 1C).
The behavior of the results obtained by the USACH was similar
to those reported by the total M.R. during the pandemic. This
data can closely represent the reinfection incidence in the greater
Santiago area.

In April 2020, corresponding to the first wave, the viral Ct
values associated with the RT-qPCR diagnosis and viral load were
between 22 and 25 (Figure 1D). As the pandemic unfolded, these
Ct values increased and reached a maximum close to 27 for the fifth
wave of infections (R2 = 0.833, Supplementary Figure 1), indicating
a decrease in the SARS-CoV-2 viral load during the pandemic (32).
During the study and within the total number of tests analyzed
(578,670), 247,542 patients underwent one RT-qPCR test, 56,007
patients underwent two tests, 42,217 patients underwent more than
three tests, and 28 patients underwent up to 45 RT-qPCR tests
during the study period (Supplementary Figure 2A). In addition,
patients with multiple tests were outnumbered by patients with
only one test; hence, the number of tests per patient had a mean
of 1.67, a median of 1.0, and a mode of 1.0 test, respectively.
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FIGURE 1

Dynamics of SARS-CoV-2 pandemics in USACH and M.R. at the analyzed period. Comparison of USACH (red) and M.R. (black). (A) Number of daily

RT-qPCR tests. (B) Number of daily cases. (C) Daily positivity. (D) Daily mean Ct for positive cases (black) with standard deviation (gray).

Of the total patients examined, 47.7% were women and 45.3%
were men, with respective positivity rates of 40.6 and 37.8%
(refer to Supplementary Figure 2B). An anomalously high count
was observed in patients whose gender could not be ascertained.
Throughout the analysis period, the average and median ages
of the male patient cohort were 39.4 and 37 years, respectively
(Supplementary Figure 2C). In contrast, the female patient cohort
had an average age of 41.2 years and a median of 39 years
(Supplementary Figure 2D). Among the men who tested positive
for COVID-19, the mean age was 39.2 years with a median of

36 years (Supplementary Figure 2E), while for women who tested
positive, the average and median ages were 40.3 and 38 years,
respectively (Supplementary Figure 2F).

3.2. Reinfections

To detect potential SARS-CoV-2 reinfections, we focused our
analysis on positive cases within paired surge periods. Cases
that surfaced during the interim period between surges were not

Frontiers in PublicHealth 04 frontiersin.org

https://doi.org/10.3389/fpubh.2023.1191377
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Acuña-Castillo et al. 10.3389/fpubh.2023.1191377

included in this analysis. Reinfections were identified if a patient
tested positive during the initial wave of the pair, followed by a
second positive test during the subsequent surge. Furthermore,
these two test results needed to be spaced apart by more than
90 days, a criterion established based on precedents set in several
similar studies (33, 34). With these criteria, 261 reinfections were
detected. The period between the two positive tests ranged from
94 to 788 days, with an average duration of 371.6 days and a
median of 335 days (Figure 2A). The histogram demonstrating
the course of these intervals presents a multimodal distribution
due to encompassing intervals from all surge periods. Upon
dissecting the data, individual histograms depicting reinfections
during the second, third, fourth, and fifth surges reveal diverse
populations with varying reinfection intervals (Figures 2B–E,
Supplementary Table 1). The shortest reinfection interval occurred
in patients who were infected in the first and then in the
second wave, with an average time of 294 days before reinfection
(Figure 2B). The most extended period between initial infection
and reinfection was observed during the fifth wave, with certain
patients experiencing over 700 days before a subsequent infection
occurred (predominantly with the Omicron variant in the fifth
wave). Figure 2 displays histograms of reinfection intervals for each
pair of surges, while Supplementary Table 2 provides additional
descriptive statistics regarding these durations. Interestingly, the
duration between infections tended to be shorter in men (mean =

341.9 days, median = 317.5 days) compared to women (mean =

381.7 days, median = 347 days). The reinfection time intervals for
patients in all wave pairs are shown in Supplementary Figure 3.

Figure 3 shows the five waves highlighted in gray stripes
(Figure 3A) and the reinfection intervals for the 261 patients
identified, sorted by date of infection (Figure 3B). For patients
infected in the first wave, the highest reinfection rates occurred
when the reinfection occurred in the second and fourth waves
[0.41 positive tests per 100,000 people (95% CI: 0.213–0.615) and
0.63 (95% CI: 0.43–0.821), respectively, Table 2]. During the second
wave, Gamma and Lambda were the most prevalent variants, and
during the fourth wave, Omicron was the most prevalent variant
(Figure 3D). By the end of the second wave, more than 60% of the
Chilean population presented a complete vaccination scheme with
two doses (Figure 3C). For patients infected in the second wave,
the highest reinfection rate occurred during the fourth wave [2.08
positive tests per 100,000 people (95% CI: 1.687–2.473), Table 2],
where the most abundant variant was Omicron (98%, Figure 3D).
At the end of the fourth wave, more than 60% of the population
had taken two doses and a booster dose (Figure 3C). For patients
infected in the third and fourth waves, the highest reinfection rates
occurred during the fifth wave [waves 3–4: 0.97 test per 100,000
people (95% CI: 0–2.1), waves 3–5: 1.34 (95% CI 0.327–2.354),
and waves 4–5: 1.36 (95% CI: 0.823–1.886), Table 2]. During this
wave, the Omicron variant was 100% predominant, and close to
50% of the population had a fourth vaccination, corresponding to
the second booster (Figures 3C, D). Overall, the highest incidence
rates of reinfection occurred between waves 2–4, 3–4, 3–5, and 4–5,
where Omicron was the most abundant variant.

On the other hand, with 100% predominance of the Omicron
variant for the fifth surge, close to 50% of the population had
a fourth vaccination, corresponding to the second booster. In
addition, two patients had a triple infection (Figure 3B). For one,

FIGURE 2

Duration of interval (days) between infections. (A) Interval histogram

for all reinfections. (B) Interval histogram for the 17 reinfections that

occurred during the second surge. (C) Interval histogram for the

seven reinfections that occurred in the third surge. (D) Interval

histogram for the 159 reinfections that occurred during the fourth

surge. (E) Interval histogram for the 82 reinfections that occurred in

the fifth surge.

the last infection occurred during the fourth surge and another
on the fifth surge, with a predominance of the Omicron variant.
However, triple infection only represented 0.8% of all reinfections
analyzed in this study.

Regarding sex differences in the incidence of reinfection,
we observed notable differences. Women presented a higher
rate of reinfection than men, with 62.8 and 36.8%, respectively
(Figure 4A). There is a bimodal age distribution for both sexes;
the mean age of reinfected men was 26.6 and 56 years (Figure 4B).
While for women, the means were of 30.0 and 56.3 years,
respectively. However, women have more reinfections at lower
ages than men (Figure 4C). The average period of reinfection
in men was 347.35 days, while in women, 385.49, indicating
that women in Chile last longer before becoming infected
again (Supplementary Figure 4). To quantify these differences,
the proportion of patients with lower and higher ages for
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FIGURE 3

Reinfections between surges. (A) Daily cases over time, each surge is enclosed in gray rectangles. (B) Interval duration for each reinfected patient,

showing first (open circle) and second positive test (filled circle) connected by a colored line representing surges 1–2 (blue), 1–3 (dark blue), 1–4

(purple), 1–5 (magenta), 2–3 (orange), 2–4 (red), 2–5 (golden), 3–4 (pistachio), 3–5 (green), and 4–5 (light green). Reinfections not falling into the

surges are represented by black circles. The two cases of tri-infections are shown in squares. To the right, is the number of reinfections for each

group. (C) Percentage of Chilean population vaccinated with fist dose (blue), second dose (orange), booster dose (green), and second booster (red).

(D) Time course of the di�erent SARS-CoV-2 variants detected by genome sequencing in Chile. The percentages of the predominance of the variants

are the following: First wave: Lambda 48%, others 52%. Second wave: Gamma 62%, Lambda 25, and Alpha 2%. Third wave: Delta 98%, Lambda 0.5%,

Gamma 0.25%, and Alpha 0.1%. Fourth wave: Omicron 97% and Delta 3%. The fifth wave, Omicron 100%.
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TABLE 2 Reinfections and incidence rate for all pairs if surges.

Pairs of
surges

Number of
reinfections

Number
cases

%
Reinfection

CI %
reinfection

Days
follow-up

Inc. Day/
100,000 hab

CI Inc. day

1–2 17 9,723 0.18 (0.092, 0.258) 4,102,245 0.41 (0.213, 0.615)

1–3 3 9,723 0.03 (0.0, 0.066) 5,329,306 0.06 (0.0, 0.121)

1–4 41 9,723 0.42 (0.293, 0.55) 6,551,920 0.63 (0.43, 0.821)

1–5 12 9,723 0.12 (0.054, 0.193) 7,642,998 0.16 (0.066, 0.248)

2–3 4 14,643 0.03 (0.001, 0.054) 3,545,956 0.11 (0.0, 0.226)

2–4 112 14,643 0.77 (0.624, 0.906) 5,383,844 2.08 (1.687, 2.473)

2–5 36 14,643 0.25 (0.166, 0.326) 7,029,365 0.51 (0.341, 0.683)

3–4 3 1,914 0.16 (0.0, 0.334) 307,875 0.97 (0.0, 2.1)

3–5 7 1,914 0.37 (0.095, 0.636) 522,114 1.34 (0.327, 2.354)

4–5 26 11,119 0.23 (0.144, 0.324) 1,919,446 1.36 (0.823, 1.886)

each group and the amplitudes from each component of the
Gaussians were used to obtain the ratio of low/high patients
ages. For male patients with positive reinfections, the ratio of
low/high ages was ∼1.5. However, women reinfected have a ratio
of 3.0, meaning a greater number of reinfected young women
patients. The most significant differences in the number of men
and women occurred in reinfections in the fourth and fifth
surges (Supplementary Figure 5A). Higher numbers of women
of low age were reinfected between surges 2–4, 2–5, and 4–
5, while for surges 1–4 and 1–5, the increase was at all ages
(Supplementary Figure 5B). Men were also reinfected at young ages
but with fewer events in these last two surges. These data, therefore,
indicate that the highest prevalence of reinfection occurred during
the predominance of the Omicron variant in women, even in a
scenario where the Chilean population had high vaccination rates.

3.3. PCR cycle threshold (Ct) value in a
reinfection event

The cycle threshold (Ct) value during the diagnosis of COVID-
19 is closely related to the viral load of the infected patient (35),
the risk of mortality during infection (36), and a greater capacity
for the transmission and generation of contagion outbreaks (37).
We evaluated the relationship between the Ct values of the second
diagnosis (Ct2) against the initial infection (Ct1) to determine
whether this reinfection was associated with a lower or higher
viral load. Ratios of Ct2/Ct1 values from all intervals show a
multimodal distribution with a mean of 1.18 and a median of 1.14
(Figure 5A). Ratios from patients reinfected in the second surge
showed a higher mean and median (1.25 and 1.32, respectively,
Figure 5B). In contrast, patients reinfected in the third and fourth
surges have means closer to the value of overall reinfection patients
Ct2/Ct1 ratio (Figures 5C, D). Patients reinfected in the fifth surge
show a mean and median closer to 1, indicating similar Ct values
in the second infection (Figure 5E). Since the histograms of the
distribution of ratios show multimodal components, we analyzed
each pair of surges. Average ratios higher than one were found
in all pairs of waves, except surges 2–3, which are lower to

one, and surges 4–5 are closer to one (Supplementary Figures 6,
7, Supplementary Table 4). In addition, all the pairs of waves
showed a high percentage of values >1, including surges 4–5
(Supplementary Figure 7B). These results show that the behavior
of ratios in surges 4–5 is unique and not shared with the other
reinfections events that occurred in the fifth surge. Overall, these
data indicate that the Ct2 values were higher in the second
contagion in a population of patients, so the viral load in a
reinfection event was mainly lower.

3.4. Overall reinfection analysis

In addition, we use an alternative analysis of reinfections
independent of the date of occurrence without restricting surge
dates. With this criterion, we found 283 patients with intervals
between infections longer than 90 days, which occurred within
surges and inter-surge periods. The cases that do not fall within
waves are plotted in Figure 4B below the intervals between waves.
The mean duration of all 283 intervals was 372.5; the median was
336, and the standard deviation was 171.4. The results of this cohort
show a reinfection rate of 1.52 (95% CI: 1.34–1.70) per 100,000
inhabitants. These values are within the range obtained for the
analysis using only reinfections between surges.

4. Discussion

Previous studies have documented the rate of reinfection
processes in different countries and localities concerning
the appearance of new variants of SARS-CoV-2 and various
vaccination schemes. Gazit et al. (38) reported that in Israel,
people who were naturally infected and then had a dose of vaccine
significantly decreased the risk of reinfection by the Delta variant
compared to people infected without any dose. A similar effect
was determined by Malhotra et al. (39), in New Delhi, India,
who indicated that unvaccinated patients had a 12.7% chance
of reinfection compared to 1.6% of patients with two doses of
vaccine in a cohort of 4,978 health workers. While Medić et al.
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FIGURE 4

Distribution of age and sex in reinfected patients. (A) Percentages of reinfected men and women patients. The numbers above each bar are

percentages. (B) Histogram of the age distribution for reinfected men. The red line is the fit to two Gaussians, and the blue lines are each Gaussian.

(C) Histogram of the age distribution for reinfected women. Lines are the same as for men. Both histograms were built with the same range and

number of bins to allow the comparison of the count. Fitted parameters are on the top of each Gaussian distribution. The ratio of low/high age

calculated from fitted amplitudes is 1.56 for men and 2.82 for women.

(40), in a study carried out in Vojvodina, Serbia, highlighted that
reinfections occurred mainly in women between the age of 30 and
39 years and 95% of the cases in patients without vaccination, while
an event of reinfection occurred in 0.16% of people with complete
vaccination (two doses) plus a booster dose. Reinfections increased
significantly with the Omicron variant but with less severity than
the Delta variant (40) when a similar situation was observed in
South Africa (24). However, there are no reports on the analysis
of the rate of reinfection concerning the variants, vaccination, and
epidemiology in Chile. This study corresponds to a retrospective
and descriptive analysis of reinfection events in a western zone
of Santiago de Chile during the five surges of infections that
have affected the country. A total of 578,670 tests were analyzed,
corresponding to a total of 345,908 patients, of which 43,658
were diagnosed positive for COVID-19, at the laboratory of the
University of Santiago de Chile (USACH), between 1 April 2020
and 31 July 2022. Reinfection events were considered >90 days
after the first positive diagnosis, although viral persistence events
have been reported even after 380 days (41), which are unusual
and isolated cases. At the same time, even some reinfection criteria
of ≥40 days have been reported (42). It was found that most of
the reinfection events occurred during the Omicron propagation
wave, where up to 0.772% of the total number of infections in
the period was recorded. In comparison, the lowest prevalence
of reinfection was recorded in the third surge, with the majority
of the Delta variant. Although the Omicron variant is highly
evasive of the immune system (43), our data on the reinfection
rate were lower than that reported by the other studies. In this
sense, e.g., the study by Nguyen et al. (44), in the city of Marseille,
reported up to 6.8% reinfection, with an inclusion criterion of 90
days from the first positive diagnosis, where the Omicron variant
was responsible. This difference can probably be explained due
to the high vaccination rate in Chile (close to 80% with a full

two-dose vaccination schedule and 70% with the first booster
dose) when facing a surge of contagion from Omicron. Chile is
one of the countries with the highest vaccination rate per 100
inhabitants in Latin America (45) and one of the countries that
implemented vaccination the fastest worldwide (46). The policies
implemented by the Government of Chile with the Ministry of
Health generated a low incidence of reinfection. Even though, our
data show a higher rate of reinfection in younger women than
men, similar to finding reported by other studies (47, 48), even
with an inclusion criterion of reinfection of >90 days after the first
positive diagnosis. This could be reflected in less disease severity
in contagion outbreaks since women are less likely to develop the
severe disease than men (47). This higher rate of reinfections in
women can be explained by women’s more significant number of
interpersonal contacts (49).

Regarding the number of intervals of days for reinfection
to occur, an average of 358 days was found. This is similar
to previously reported studies; for example, by Özüdogru et al.
(50), who indicated an average of 361 days for reinfection, and
Wilson (51), with an average of 343 days. The data obtained
by the University of Santiago (USACH) were closely related to
what was reported by the rest of the M.R., even up to the fifth
wave of infections in July 2022. Therefore, since M.R. involves
40% of the total population of Chile, we could suggest that
our data could closely represent the behavior of the rate of
reinfection in the whole of Chile. In this sense, since patients’
clinical history is not public, we speculate that reinfections
would tend to represent a less severe disease (52–54) and lower
transmissibility (55). In addition, the low viral load observed
in patients reinfected by each contagion may be related to the
efficacy of mass vaccination in Chile or simply to the immunity
conferred after a natural infection by Omicron, as previously
seen (24).
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FIGURE 5

Variations of viral load in reinfected patients in di�erent surges. Ct2 indicates the reinfection event, and Ct1 is the first infection. Ct values are the

cycle threshold in RT-qPCR assay. (A) Ratio Ct2/Ct1 for all reinfection in the function of the reinfection interval. The red line shows the ratio average.

A histogram of interval distribution is shown to the right. (B) Ratio Ct2/Ct1 for all reinfection during the second surge. (C) Ratio Ct2/Ct1 for all

reinfection during the third surge. (D) Ratio Ct2/Ct1 for all reinfection during the fourth surge. (E) Ratio Ct2/Ct1 for all reinfection during the fifth

surge.

Our study has some limitations that are important to highlight.
First, it did not differentiate the involvement of reinfection after
natural, hybrid, or vaccination-only immunization between the
RT-qPCR tests of the patients analyzed. These different ways of
generating immunity in a patient could affect a reinfection event
since not all yield the same protection capacity (56), resulting in
more or fewer days between one infection or another. Our data
do not consider cases identified by rapid antigen tests. These tests
were used massively during the waves of Omicron. This reduced
the proportion of reinfection cases determined by RT-qPCR in
our dataset. Rapid antigen tests in Chile represent 18% of the

total tests carried out during the pandemic (57); therefore, our
data may be underrepresented. However, our results show that the
highest reinfection rate occurred with Omicron’s arrival, which is
consistent with other reports (40, 50).

On the other hand, the relationship between the vaccination
rate and the number of reinfection events occurring in a period
was only descriptive, because there is no information on the
vaccination status of the study patients. At the same time, there
was no discrimination between the different types of vaccines
administered (58), which generated different degrees of protection
efficacy against a new SARS-CoV-2 infection. Finally, no difference
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was made between the Omicron subvariants, which can cause
reinfections with different time intervals (59). However, despite
these limitations, our study indicates a rate of reinfection in Chile,
similar to research from other countries, supported by extensive
RT-qPCR test data.

This is the first retrospective report on the prevalence of
reinfection in Chile, with the largest dataset of patients analyzed
to date, giving our analyses greater robustness. These data could
be helpful and of particular interest to government authorities
for continuously implementing public health policies to control
the pandemic and for epidemiological groups with a greater
predisposition to reinfection. Although reinfection seems to be
a rare process, there is a probability that it can occur, even in
populations with a high vaccination rate. Our study demonstrates
the need for epidemiological monitoring of SARS-CoV-2 since an
increase in reinfection rates in a locality could account for the
appearance of new, more transmissible, and evasive variants.
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