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Abstract

Background and objectives Many mutations in variants for instance Delta and Alpha are associated with immune evasion
and higher infectious potential. There are uncertainties regarding Omicron. In this regard, we aimed to compare the frequency
of reinfection of SARS CoV-2 variants in our hospital between April 22, 2021 and January 26, 2022.

Method The reinfection rates and demographic characteristics of a total of 27,487 COVID-19 patients infected with different
SARS CoV-2 variants were examined.

Results Reinfection was found in 26 (0.46%) of 5554 Alpha, 209 (1.16%) of 17,941 Delta, and 520 (13.0%) of 3992 Omicron
variants. A statistically significant difference was observed between the reinfection rates of the variants (p =0.000). The mean
reinfection days were calculated as 204.4+51.1 in the Alpha variant, 291.2 +58.2 in the Delta variant, and 361.2+131.6
in the Omicron variant (p =0.000). It was observed that 16.5% of reinfection cases caught COVID-19 for the second time
3—6 months after the first COVID-19 infection, 36.7% after 6—12 months, and 46.8% after more than 12 months. There was a
significant difference between the times in reinfection cases. Most reinfections occurred more than 12 months apart. Among
those with a reinfection time > 12 months, 0% had Alpha, 3.4% had Delta, and 96.6% had Omicron variants.

Conclusion The highest reinfection rate was observed in the Omicron variant. Reinfection was approximately 30 times more
frequent in the Omicron variant than in the Alpha variant and 10 times more frequent in the Delta variant.
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Introduction

The severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) has been continuously mutating since the
COVID-19 pandemic began in December 2019, with the
emergence of many variants around the world [1]. The
World Health Organization (WHO) has classified these vari-
ants into three categories to prioritize their monitoring and
research: variants of concern (VOCs), variants of interest
(VOlIs), and variants under monitoring (VUMs) [2]. Five
VOCs have been identified so far, namely Alpha (B.1.1.7),
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Beta (B.1.351), Gamma (P.1), Delta (B.1.617.2), and Omi-
cron (B.1.1.529) variants. South Africa was the first to report
the Omicron variant to the WHO on November 24, 2021.
The day after the report was received, WHO classified it as
VUM and named it the Omicron variant (B.1.1.529). Just
2 days later, WHO classified the Omicron variant as VOC
faster than other variants. This situation has caused great
concern in the public [2]. One of the first VOCs, Alpha
(B.1.1.7), was first detected in the UK in November 2020.
The Delta variant was first detected in the UK in March 2021
and designated VOC on May 6 2021 [3]. All of the variants
have caused a new wave of pandemics and thousands of
deaths in multiple countries and regions, and even around
the world [4].

Many mutations in variants, for instance, Delta and Alpha
are associated with immune evasion and higher infectious
potential [5]. However, there are uncertainties about Omi-
cron in this regard. The Omicron variant’s high number of
mutations in the S protein may help the virus evade infec-
tion-blocking antibodies and other immune responses like
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the T-cell response [6]. Initial studies revealed that the vari-
ant has more than 30 mutations in the virus domain encoding
the spike protein responsible for virus entry into human cells
[7]. Compared to the mutations observed in the other four
VOC variants, the number of spike mutations identified in
Omicron is approximately 3—4 times higher [2]. The pres-
ence of the mutation group (H655Y, N679K, and P681H)
increase the virus’s ability to enter the cell and the R203K
and G204R mutations that increase the infection rates in
the Omicron may cause a higher risk of transmission [7, 8].
Potentially, this new variant may be associated with high
contagiousness, leading to increased reinfection rates [9].
The risk of reinfection with the Omicron variant appears to
be higher than with other variants, according to preliminary
evidence [5].

Today, an increase in reinfection cases is observed.
Therefore, in this study, we aimed to compare the fre-
quency of reinfection of Alpha, Delta, and Omicron variants
detected in the microbiology laboratory of Siirt Training
and Research Hospital between April 22, 2021, and January
26, 2022.

Material and methods

In our study, reinfection rates according to variant types
of 27,487 COVID-19 patients infected with SARS CoV-2
Alpha, Delta, and Omicron variants between April 22, 2021,
and January 26, 2022, and demographic characteristics of
patients with reinfection were retrospectively examined.
Patients who tested positive for COVID-19 twice, with an
interval of more than ninety days, were considered for rein-
fection. Reinfections were grouped and compared as those
that occurred 3—6 months, 6-12 months, and 12 months after
the first infection.

Detection of SARS-CoV-2 in nasopharyngeal and oro-
pharyngeal samples sent to Siirt Training and Research
Hospital PCR laboratory for the diagnosis of COVID-19
was performed using the real-time reverse transcriptase-
polymerase chain reaction (RT-PCR) method on the CFX
96 real-time PCR device (Biorad, USA). In this study, the
Bio-Speedy SARS CoV-2+V0C202012/01 RT-gPCR kit
(Bioeksen, Istanbul, Turkey), was first obtained on April
22,2021, and can detect the Alpha (B.1.1.7) variant, was
used. As of this date, it was seen that the alpha variant was
dominant. Later, with the spread of Beta (B.1.351), Gamma
(P.1), and Delta (B.1.617.2) variants all over the world, as of
July 1, 2021, the Bio-Speedy SARS CoV-2 Emerging Plus
detection kit (Bioeksen, Istanbul, Turkey) was used to detect
Alpha, Beta, Gamma, and Delta variants. As of this date, it
was seen that the Delta variant was dominant in Siirt. Since
January 1, 2022, only the Bio-Speedy SARS CoV-2 + Omi-
cron RT-qPCR kit (Bioeksen, Istanbul, Turkey) has been
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used for variant analysis in our hospital, and the Omicron
variant has become dominant in this period. Threshold cycle
numbers (Cq) less than 33 in the FAM channel were consid-
ered positive. Detection of variants was made in accordance
with the kit instructions.

In the study, data analysis was performed using the Statis-
tical Package for the Social Sciences (SPSS) 26.0 statistical
program. While evaluating the data, descriptive statistics
were presented as the number of cases and percentages in
categorical variables. In the analysis of continuous variables,
normality analyzes were performed with the Shapiro—Wilk
goodness-of-fit test. 7-test and one-way analysis of variance
in independent groups were used for the comparison of the
normally distributed variables of the data, Mann—Whitney
U test, and Kruskal-Wallis test was used for the compari-
son of the non-normally distributed variables, and the chi-
square test was used for the comparison of the qualitative
data. Means were presented with their standard deviations.
Statistical significance was evaluated as p <0.05.

Results

Of the 27,487 COVID-19 patients included in our study,
755 (2.7%) were defined as reinfection. Of the reinfected
patients, 351 (46.5%) were male and 404 (53.5%) were
female. The mean age of males was 38.9 +15.7, and the
mean age of females was 36.9 + 15.5. It was determined that
26 (3.4%) of 755 reinfected patients had the Alpha variant,
209 (27.7%) had the Delta variant, and 520 (68.9%) had the
Omicron variant. The difference between the number of rein-
fected patients of the variants was found to be statistically
significant (p =0.000). The total number of people, mean
age, and gender distribution of reinfections in each variant
are shown in Table 1.

In the present study, Alpha variant was detected in 5554
(20.2%) of 27,487 COVID-19 patients, Delta variant in
17,941 (65.3%), and Omicron variant in 3992 (14.5%). Rein-
fection was detected in 26 (0.46%) of 5554 Alpha variants,
209 (1.16%) of 17,941 Delta variants, and 520 (13.0%) of
3992 Omicron variants. When the reinfection rates of the
variants were compared, a statistically significant difference
was found (p =0.000) (Table 2).

The mean and median reinfection days of 755 reinfec-
tion cases in this study were found to be 336.4 +120.5 days
and 339.0, respectively. The mean reinfection days of the
variants were calculated as 204.4 +51.1 in the Alpha vari-
ant, 291.2 +58.2 in the Delta variant, and 361.2+131.6
in the Omicron variant (p =0.000). The median reinfec-
tion days of the variants were found as 192 in the Alpha
variant, 291 in the Delta variant, and 418 in the Omicron
variant (Table 3). Of the reinfection cases in this study,
125 (16.5%) patients caught COVID-19 for the second
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Table 1 Number of people, mean age, and gender distribution of reinfections in each variant

Alpha Delta Omicron Test P
n % n % n %
Number of persons 26 (3.4 209 (27.7) 520 (68.9) Chi-square 0.000
Mean of age** 40.6+14.8 35.5 35.1x+15.5 30.0 38.7+15.6 35.0 Kruskal-Wallis 0.001
Gender Male 16 (61.5) 94 (45.0) 241 (46.5) Chi-square 0.278
Female 10 (38.5) 115 (55.0) 279 (53.5)
Mean of age Male 39.0+14.4 32.5 35.5=+16.1 31.0 40.2+15.5 37.0 Kruskal-Wallis 0.005
Female 43.2+16.0 45.5 349+15.1 30.0 37.5+15.6 34.0 Kruskal-Wallis 0.067

“p <0.05 significant relationship and p>0.05 no significant relationship; **In the measurement data, mean + standard deviation was calculated

instead of n, and median values were calculated instead of %

Table 2 Reinfection (RI) rates of variants

Alpha Delta Omicron Test
- - P
RI (n) Total % Ri (n) Total % RI (n) Total %
Reinfection rates 26 5554 (0.46) 209 17,941 (1.16) 520 3992 (13.0) Chi-square 0.000
Table 3 The mean and median days values of reinfection cases in the variants
Genel Alpha Delta Omicron Test
Mean + SD Median Mean+ SD Median Mean+ SD Median Mean+ SD Median
Reenenf  336.4+120.5 339.0 204.4+51.1 192.0 291.2+58.2  291.0 361.2+131.6 418.0 Kruskal-Wallis
Giin Ort 0.000
Ta.ble 4 . Corpp arison of Variant 3—6 months 6—12 months 12 + months Test P
reinfection times between
variants n % n % n %
Alpha 11 (8.8) 15 5.4) 0 ) Chi-square 0.000
Delta 9 (7.2) 188 (67.9) 12 (3.4)
Omicron 105 (84.0) 74 (26.7) 341 (96.6)
Total 125 (16.5) 277 (36.7) 353 (46.8) Chi-square 0.001

time 3—6 months after the first COVID-19 infection, 277
(36.7%) after 6-12 months, and 353 (46.8%) after more
than 12 months. A significant difference was found between
these times in reinfection cases, and reinfections occurred
at most with an interval of more than 12 months (p =0.001).
Among those with a reinfection period of 3—6 months, 11
(8.8%) Alpha variants, 9 (7.2%) Delta variants, and 105
(84.0%) Omicron variants were detected. Of those with a
reinfection period of 6-12 months, 15 (5.4%) were Alpha
variants, 188 (67.9%) were Delta variants, and 74 (26.7%)
were Omicron variants. It was determined that 0 (0%) of
those with reinfection duration > 12 months had the Alpha
variant, 12 (3.4%) had the Delta variant, and 341 (96.6%)
had the Omicron variant. When the reinfection times were

compared between the variants, a statistically significant
difference was found (p =0.000) (Table 4, Fig. 1).

Discussion

Since the beginning of the COVID-19 pandemic, the prob-
lem of potential reinfection has always existed. The number
of reinfections globally has probably been greatly underes-
timated, in part because confirmation of reinfection neces-
sitates viral genome sequencing to identify different SARS-
CoV-2 strains in a primary and secondary infection [10].
While viral sequencing is the gold standard for minimiz-
ing false positives in identifying cases of reinfection, it is
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Fig. 1 Comparison of reinfection times between variants

technically challenging and cannot identify cases of reinfec-
tion with the same viral strain [10]. The Centers for Disease
Control and Prevention (CDC) recently released a guideline
protocol for supporting public health laboratories to investi-
gate suspected SARS-CoV-2 reinfections [11]. Specifically,
the search criteria include a positive RT-PCR test at least
90 days after the initial test or a positive RT-PCR test at least
45 days after the initial test accompanied by the presence of
symptoms and epidemiological exposure [11].

COVID-19 infection history may be as effective as
SARS-CoV-2 vaccines in preventing reinfection [12, 13].
However, the duration and extent of SARS-CoV-2-induced
immunity’s protective effect have not been adequately
investigated. Immunity can last at least 5-6 months
after infection, according to two studies conducted in
the UK [14, 15]. Data from these studies showed that
reinfection with SARS-CoV-2 is rare, occurring in less
than 1% of people who had previously tested positive for
SARS-CoV-2 [14, 15]. Protection against SARS-CoV-2
reinfection was observed for up to 10 months after initial
infection in a systematic review [16]. A study that screened
43,000 people from Qatar with PCR suggested that 95%
of individuals who caught COVID-19 had protection
against recurrent infection lasting at least 7 months [17].
Another study of 12,541 healthcare workers in the UK
reported 89% protection lasting at least 6 months [15]. In
a study conducted in Italy, a reinfection rate of 0.31% was
found in Lombardy, which was one of the most severely
affected regions at the beginning of the pandemic, with
an average follow-up interval of 230 days [18]. Perez
et al. [19] reported that a total of 149,735 individuals had
positive PCR tests between March 2020 and January 2021
in Israel. Of these, 154 people have reported two PCR
tests as positive at least 100 days apart, and they included
them in their study. They reported the reinfection rate as
approximately 0.1%. In our study, the mean reinfection
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day of 755 reinfection cases was 336.4 + 120.5. Of the
reinfection cases in the current study, 125 (16.5%) were
caught COVID-19 for the second time 3-6 months
after the first COVID-19 infection, 277 (36.7%) after
6—12 months, and 353 (46.8%) after more than 12 months.
A significant difference was found between these periods
in reinfection cases. Most reinfections occurred more than
12 months apart (p =0.001). Of the 27,487 COVID-19
patients included in our study, 755 (2.7%) were defined
as reinfection. Since the patients included in our study
consisted of only Alpha, Delta, and Omicron variants, the
reinfection rate may be higher than in previous studies.

Available data from published reinfection cases, data
from immune response studies after initial SARS-CoV-2
infection, and emerging new variants raise the possibil-
ity that reinfection may be widespread. In a UK study, of
36,509 people who had a positive PCR test before Octo-
ber 1, 2020, 249 people who reported two positive tests
at least 90 days apart, and 7 symptom-free days between
the two positive results were considered reinfections. The
reinfection rate in the study was found to be 0.7%. In the
study, this ratio was seen as a positive sign that vaccination
against pre-existing variants or innate immunity may also
be effective against the Alpha variant [20]. In a study that
considered cases with laboratory-confirmed SARS-CoV-2
infection by positive nucleic acid amplification test (NAAT)
and a positive NAAT result documented at least 90 days
after the first positive test as reinfection, the median time
to reinfection was found as 39.2 weeks. In the study, they
reported that the percentage of SARS-CoV-2 reinfections
among all NAAT-positive COVID-19 cases increased from
0.5% in the pre-Delta surge period to 1.8% during the fluc-
tuation [21]. In another study that used genome sequenc-
ing to identify VOCs, 6 (1.2%) and 9 (1.8%) patients with
Delta and Alpha variants were reported to have had pre-
vious natural exposure to SARS-CoV-2. In the study, the
median (minimum—maximum) reinfection times were found
to be 207 (115-529) days and 127 (9—453) days, respec-
tively [22]. In our study, 5554 (20.2%) of 27,487 COVID-
19 patients had Alpha variant, 17,941 (65.3%) Delta, and
3992 (14.5%) Omicron variant. We defined 26 (0.46%) of
5554 Alpha variants, 209 (1.16%) of 17,941 Delta variants,
and 520 (13.0%) of 3992 Omicron variants as reinfections.
The mean reinfection days were 204.4 +51.1 days in the
Alpha variant, 291.2 +58.2 days in the Delta variant, and
361.2+131.6 days in the Omicron variant. The median rein-
fection days of the variants were found as 192 in the Alpha
variant, 291 in the Delta variant, and 418 in the Omicron
variant. In a recent study conducted in Qatar by Altarawneh
et al. [23], the median interval between previous infection
and PCR testing among cases and controls were reported as
279, 254, and 314 days for analyzing the Alpha, Delta, and
Omicron variants, respectively.
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When the reinfection rates of the variants and the
mean of reinfection days were compared, a statistically
significant difference was found (p =0.000). As
can be seen, the variant with the highest reinfection
rate in our study is the currently dominant Omicron
variant (13.0%). Of those with a reinfection period of
3-6 months, 11 (8.8%) had Alpha variant, 9 (7.2%) Delta
variant, and 105 (84.0%) Omicron variant. Of those
with a reinfection period of 6—12 months, 15 (5.4%)
had Alpha variant, 188 (67.9%) Delta variant, and 74
(26.7%) Omicron variant. Alpha variant was detected in
0 (0%) of those with reinfection duration > 12 months,
Delta variant in 12 (3.4%), and Omicron variant in 341
(96.6%). When the reinfection times were compared
between the variants, a statistically significant
difference was found (p =0.000). As can be seen, in
our study, approximately half of the reinfection cases
(46.8%) were reinfected with an interval of more than
12 months, and almost all (96.6%) of the reinfected
patients in this period were infected with the Omicron
variant. In addition, it is noteworthy that most of the
patients (84.0%) with a reinfection period of 3—6 months
were infected with the Omicron variant in our study.
Available data indicate that the Omicron variant is
highly transmissible and spreads several times faster
than previous variants [5]. The Omicron variant may
evade vaccines or innate immunity that occurred from
previous infections and may blunt the potency of neu-
tralizing antibodies, causing existing vaccines to be
less effective against Omicron than other variants
[24]. Recent research showed that the B.1.1.7 (Alpha),
B.1.351 (Beta), and B.1.617.2 (Delta) variants of the
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) confer strong protection against reinfection
[25-27]. Multiple mutations in the B.1.1.529 (Omicron)
variant, on the other hand, can mediate immune evasion
[23]. The reinfection risk profile of the Omicron variant
is much higher than other variants [28]. The findings of
our study also support these data.

Our study had some limitations. First, the analysis of
variants in our study was done only by RT-PCR and was
not confirmed by sequence analysis. Secondly, since our
study was retrospective and we did not perform sequence
analysis, we may have missed some reinfection cases
since the valid time interval for the diagnosis of reinfec-
tion is considered to be at least 90 days. Third, there is
a large number of patients with asymptomatic and unde-
tected primary infection, which may have affected rein-
fection rates. Fourth, since the Omicron variant has been
detectable in our laboratory for approximately 1 month,
the follow-up period and the number of patients in terms
of reinfection was relatively shorter compared to the
Alpha and Delta variants.

Conclusion

In conclusion, the highest reinfection rate was found in the
Omicron variant in our study. Reinfection was observed
approximately 30 times more frequently in the Omicron
variant than in the Alpha variant and 10 times more fre-
quently than in the Delta variant. The rate of reinfection of
the Omicron variant in the 3—6 months and > 12 months after
the first infection was higher than the other variants. The
observed increase in reinfections with the Omicron variant is
likely due to reduced innate and vaccine immunity as well as
being a highly contagious variant. These data may be useful
in decisions regarding public health measures and vaccina-
tion strategies to struggle with the COVID-19 pandemic.
Larger sample size studies are needed to fully understand
the risk of reinfection of a new variant, the Omicron variant.
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