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Abstract

Background: The COVID-19 pandemic has had a devastating impact on the world over the past two years
(2020-2021). One of the key questions about its future trajectory is the protection from subsequent infections
and disease conferred by a previous infection, as the SARS-CoV-2 virus belongs to the coronaviruses, a group
of viruses the members of which are known for their ability to reinfect convalescent individuals. Bulgaria, with
high rates of previous infections combined with low vaccination rates and an elderly population, presents a
somewhat unique context to study this question.

Methods: We use detailed governmental data on registered COVID-19 cases to evaluate the incidence and
outcomes of COVID-19 reinfections in Bulgaria in the period between March 2020 and early December 2021.

Results: For the period analyzed, a total of 4,106 cases of individuals infected more than once were observed,
including 31 cases of three infections and one of four infections. The number of reinfections increased dramat-
ically during the Delta variant-driven wave of the pandemic towards the end of 2021. We observe a moderate
reduction of severe outcomes (hospitalization and death) in reinfections relative to primary infections, and a
more substantial reduction of severe outcomes in breakthrough infections in vaccinated individuals.
Conclusions: In the available datasets from Bulgaria prior infection appears to provide some protection
from severe outcomes. In contrast, the severity of breakthrough infections was more strongly reduced com-
pared to primary infections in the unvaccinated, although that effect diminished in the higher age groups.

Introduction

The COVID-191–3 pandemic has become the most signifi-
cant public health crisis in more than a century, and is still
rapidly developing. An important question for its future
trajectory, especially given the large and steadily growing
number of infected individuals in most countries, is the de-
gree of protection from subsequent infection and serious dis-
ease that prior SARS-CoV-2 infection and recovery confers.

SARS-CoV-2 belongs to the coronavirus family, of which
four different endemic human viruses were known prior
to the pandemic – HCoV-OC434,5, HCoV-229E6, HCoV-
NL637,8 and HCoV-HKU19–11. These usually cause com-
mon colds (around 10-15% of colds, depending on the
source12–15, are considered to be caused by them), and, as
is common with respiratory viruses16, they cause repeated
reinfections throughout people’s lifetimes17. Large coron-

avirus epidemics are thought to occur at two- to three-year
intervals18,19, though these are generally not noticed by so-
ciety due to the overall mild nature of these viruses.

Given that SARS-CoV-2 belongs to the same family of
viruses, it’s natural to expect that a similar host-pathogen
dynamics involving frequent reinfections will be observed
with it, too.

The first reports of repeated infections appeared very
early in the pandemic20, but at the time it was difficult to
exclude the possibility of simple persistence of viral RNA
as opposed to true reinfections. Viral genomic sequencing
(showing that distinct viral lineages infected the same in-
dividual more than once) eventually proved beyond reason-
able doubt that reinfection occurs but it was still initially
seen as an exotic and surprising phenomenon21–27. Since
then, however, reinfection has been proven to be far from
a rare phenomenon as a large body of case reports has ac-
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cumulated from around the world28–122, most recently in-
cluding even cases of third infections38,123,124.

A number of cohort studies have also been pub-
lished124–175 but most of these suffer from various draw-
backs, such as the inclusion of a very narrow time window
after initial infection, focus on healthcare workers (meaning
that the age distribution is not representative of the over-
all population), and the fact that most such studies were
carried out prior to the appearance of the more highly de-
rived SARS-CoV-2 variants that have come to dominate
the pandemic in 2021 and 2022. The importance of com-
prehensive population sampling was shown by a recent re-
infection study from Denmark128, which found protection
from reinfection of only 47.1% among those 65 years old
and older during the late-2020 surge as opposed to 80.5%
for the general population. The importance of variants was
first stressed by the placebo trial of the Novavax vaccine in
South Africa176, which showed no protection of prior infec-
tion against infection with the dominant at the time there
B.1.351 variant177.

Later, in the end of 2021, the Omicron variant emerged,
with a very high degree of immune escape178–181 and
the ability to reinfect convalescent individuals at a high
rate124,182? –185.

In this work, we analyze available reinfection data in
Bulgaria prior to the emergence of the Omicron variant,
when largely homologous antigenically variants were cir-
culating. Bulgaria has been one of the most seriously af-
fected by the pandemic countries186, having experienced
three major COVID-19 waves in 2020-2021 and exhibiting
excess mortality approaching 1% of its population within
that period187. In the same time, only a small portion of the
population has been fully vaccinated (≤30% by the end of
2021), meaning that the country provides a unique context
in which the clinical impact of reinfections can be observed
in a previously severely impacted population with an age
structure skewed towards the elderly individuals, but with-
out the confounding factor of high vaccination coverage. We
identify 4,106 reinfected individuals out of≤700,000 cases in
the country prior to December 2021. The frequency of rein-
fection increased substantially during the third wave driven
by the Delta variant, at which point reinfections represented
∼2.2% of cases, with protection conferred by previous in-
fection ∼81%. The severity of reinfections (i.e. the rate
of hospitalizations and fatalities) was comparable to that
of primary infections, while severity was reduced in break-
through infections in vaccinated uninfected subjects.

Methodology

Datasets

Primary SARS-CoV-2 Infections in Bulgaria

At the time of writing this manuscript, there were no pub-
licly available age-stratified datasets on hospitalizations and
deaths associated with confirmed SARS-CoV-2 infections

in Bulgaria. We obtained a patient-sensitive dataset from
Bulgaria’s Ministry of Health, which included data on all
infections from the beginning of the pandemic until Novem-
ber 5th 2021.

This dataset included information about a person’s age,
gender, region, the date of their latest Covid-19 test, their
status (infected, recovered, hospitalized, deceased), their
hospitalization start and end dates, if any, information
about accompanying diseases, as well as whether they re-
ceived any breathing assistance, whether they were taken
into intensive care and whether they died of Covid-19.

Data on breakthrough infections in vaccinated individuals

Information about infections, hospitalizations and deaths
among the vaccinated population in Bulgaria were obtained
through publicly available datasets provided by Bulgaria’s
Ministry of Health. These datasets present a daily time
series that contain information about the age at 10 year
intervals, gender, vaccination course and count of infected,
hospitalized or deceased per group.

Reinfections

No publicly available datasets about the reinfection rates
in Bulgaria existed prior to the writing of this manuscript.
We obtained these datasets through a separate request for
information on patient-sensitive data from Bulgaria’s Min-
istry of Health. The data provided by the Ministry covers
the period from the beginning of the pandemic until De-
cember 9th 2021.

Reinfections were defined as cases of two positive tests
spaced ≥90 days apart.

Breakthrough reinfections were defined as cases of a sec-
ond positive tests at least one day after the completion of
the vaccination course.

SARS-CoV-2 sequencing data

Information about sequenced SARS-CoV-2 genomes was
obtained from the GISAID database188.

Data Availability

All datasets and associated code can be found at https:

//github.com/Mlad-en/Cov-Reinfections.
The dataset containing reinfections has been blinded to

protect individuals medical history and is compliant with
General Data Protection Regulation (GDPR) data process-
ing.

Results

Suspected SARS-CoV-2 reinfection cases in
Bulgaria

In order to identify SARS-CoV-2 reinfection cases in Bul-
garia, we obtained datasets on the incidence and clinical
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Figure 1: Suspected SARS-CoV-2 reinfections Bulgaria over time. (A) Primary infections in Bulgaria over time.
Bulgaria has so far experienced three distinct major epidemiological waves of COVID-19, with peaks in November 2020,
March 2021, and October 2021 (an initial wave did occur in the first half of 2020 but it was very small and generally
successfully suppressed and is of little relevance to the progression of the pandemic in the country). (B) Number people
eligible to be considered for reinfection, i.e. people who have tested positive and ≥90 days have elapsed since that positive
test. (C) Dominant variants in Bulgaria over time. The first major wave was driven by early B.1/B.1.* derivative variants.
The second wave was associated with the Alpha/B.1.1.7 variant. The third wave was dominated by the Delta/B.1.617.2
variant and its AY.* sublineages. (D) Number of probable reinfections over time in Bulgaria (per week).
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Figure 2: Time between primary infections and reinfections against the background of different SARS-
CoV-2 variants. (A) Distribution of the length of the interval between primary infection and reinfection. (B) Primary
infections and reinfections by wave and dominant variant. Waves were defined as follows: “initial infections” refers to
the period prior to September 2020; “1st wave” refers to the period between September 2020 and the middle of January
2020, during which D614G variants without many other notable mutations were dominant; the “2nd wave”, between
mid-January 2021 and June 2021 was dominated by the B.1.1.7/Alpha variant; the “third wave”, dominated by the
B.1.617.2/Delta variant, began in July 2021.

outcomes of suspected reinfections up to December 9th
2021. We classified cases as suspected reinfections if ≥90
days have passed between testing positive on at least two
different occasions.

After largely successfully escaping the first global wave
of infections in the first half of 2020, Bulgaria experienced
three major waves of COVID-19, in October-December
2020, in February-April 2021, and in the later months of
2021, of roughly equal magnitude (Figure 1A). Under this
criterion, the eligible population to be considered for po-
tential reinfection was ∼200,000 individuals after the first
major wave, doubling to ≥400,000 after the second (Fig-
ure 1B). These waves were driven by different variants of
the SARS-CoV-2 virus. The first was dominated by B.1
lineages antigenically similar to the ancestral strain. The
second consisted almost entirely of the Alpha (B.1.1.7) vari-
ant189,190, while in the third the globally dominant by then
Delta (B.1.6.17.2/AY.*) variant191 constituted almost all
cases (Figure 1C). We have defined for the purposes of our
analyses the dividing lines between these waves as mid-
January 2021 and beginning of June 2021.

In total, we identified 4,106 cases of individuals infected
more than once, including 31 cases of people infected three
times and one case of a quadruple infection.

The number of reinfections in the first major wave in

late 2020 was small, peaking at ≤100 such case weekly, re-
flecting the low incidence of COVID-19 earlier that year
(Figure 1C). A larger though still relatively small number
of reinfections were observed during the Alpha wave in the
first half of 2021. The bulk of reinfections came during the
Delta wave in the second half of the year, peaking at 755
a week at the end of October 2021. During the Delta wave
reinfections constituted ∼2.3% of cases in Bulgaria. Taking
into account the number of eligible for reinfection individu-
als, during the months of October and November protection
from reinfection is estimated to have stood at ∼81% (95%
CI192, 63% to 100%).

We then examined the time between primary and sub-
sequent infections. We observe a peak at approximately a
year from the initial infection, but the distribution is highly
dispersed and a large number of reinfections are observed
all throughout the interval from 90 to 360 days (Figure 2A).
These numbers correspond primarily to a cohort of people
who were infected in the first wave and then reinfected in
the Delta wave (n = 1, 674), and another group of people
infected during the Alpha wave and then reinfected during
the Delta wave (n = 1, 435).
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Figure 3: Clinical severity of SARS-CoV-2 reinfections in previously infected individuals in Bulgaria .
(A) Percentage of hospitalizations among cases in primary infections, breakthrough infections (infections in vaccinated
individuals), reinfections (divided into reinfections in the unvaccinated and breakthrough reinfections) (B) Percentage
of deaths among cases in primary infections, breakthrough infections (infections in vaccinated individuals), reinfections
(divided into reinfections in the unvaccinated and breakthrough reinfections). Binomial proportion confidence intervals
were estimated using the Clopper-Pearson exact binomial interval method.

Clinical severity of reinfections

Next we analyzed the clinical outcomes of reinfections and
compared it to outcomes from primary infections and from
infections in vaccinated individuals (“breakthrough infec-
tions”).

Among the 4,106 reinfections, 413 were also “break-
through reinfections”, i.e. the reinfection occurred after
a vaccination course was completed. We divided the rein-
fection cases into separate unvaccinated and breakthrough
reinfection categories.

A total of 84 fatalities were recorded within the rein-
fected cases, one of them within the set of 31 individu-

als with three infections. This corresponds to an appar-
ent lower case fatality rate (CFR) than the total CFR in
Bulgaria for the studied period (∼2% compared to ∼4.2).
In terms of hospitalizations, for the 4,106 reinfected indi-
viduals, 705 hospitalizations were recorded for the second
infections (a rate of 17.7%); this compares to 8,177 hospi-
talizations out of 49,170 vaccinated subjects (16.6%) and
109,108 hospitalizations out 332,510 total primary infec-
tions (32.8%). However, such comparisons based on total
numbers are confounded by the fact the populations are not
age matched.

We therefore divided cases in all four categories into age
groups and compared the rates of hospitalizations and fa-
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talities in each (Figure 3). This analysis reveals a mod-
erately reduced rate of hospitalizations between primary
infections and reinfections across all age groups (we ob-
serve 40% reduction of risk in the 20-60 age group and 31%
in the 60+ age group for the unvaccinated reinfected, and
60% and 40% for the vaccinated reinfected, respectively),
and a less pronounced of risk of death (38% reduction in
the 20-60 age group and 25% in the 60+ age group for
the unvaccinated reinfected; note that total numbers were
too small for breakthrough reinfections for an accurate esti-
mate). For comparison the severity of breakthrough infec-
tions was more strongly reduced compared to primary in-
fections in the unvaccinated (60%/70% risk reductions for
hospitalization/death in the 20-60 age group and 49%/66%
in the 60+), although that effect diminished in the higher
age groups (consistent with previous findings of lower vac-
cine efficacy in the elderly193–195).

Conclusions

In this study we evaluated the rate of incidence and the clin-
ical outcomes of SARS-CoV-2 reinfections during the first
three waves of the COVID-19 pandemic in Bugaria, and
compared them to primary infections and breakthrough in-
fections in vaccinated individuals. The bulk of reinfections
happened during the Delta variant-driven wave, with prior
infection providing protection from reinfection ∼80%. Clin-
ical severity was somewhat reduced relative to primary in-
fections, but to a lesser extent than the observed reduction
in severity in breakthrough infections in the vaccinated. A
possible limitation of our study is the possibility that in
some individuals the disease may have passed with mild
symptoms or asymptomatic and so not all cases have been
properly diagnosed and registered in the national system,
leading to some bias towards documenting symptomatic in-
fections. Results regarding the relative severity of reinfec-
tions in the literature have ranged from finding no differ-
ence in the severity of reinfections and primary infection to
finding considerable (though rarely very high) degree of re-
duction from severe outcomes171; our results also fit within
this range of estimates.
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Trueba G, Barragán V, Cádenas P. 2021. A case of
SARS-CoV-2 reinfection in Ecuador. Lancet Infect Dis
21(6):e142.

36. Sevillano G, Ortega-Paredes D, Loaiza K, Zurita-
Salinas C, Zurita J. 2021. Evidence of SARS-CoV-2
reinfection within the same clade in Ecuador: A case
study. Int J Infect Dis 108:53–56.

37. Gupta V, Bhoyar RC, Jain A, Srivastava S, Upad-
hayay R, Imran M, Jolly B, Divakar MK, Sharma D,
Sehgal P, Ranjan G, Gupta R, Scaria V, Sivasubbu
S. 2020. Asymptomatic reinfection in two healthcare
workers from India with genetically distinct SARS-
CoV-2. Clin Infect Dis ciaa1451

38. Shastri J, Parikh S, Agrawal S, Chatterjee N, Pathak
M, Chaudhary S, Sharma C, Kanakan A, A V, Srini-
vasa Vasudevan J, Maurya R, Fatihi S, Thukral L,
Agrawal A, Pinto L, Pandey R, Sunil S. 2021. Clini-
cal, Serological, Whole Genome Sequence Analyses to

7



Confirm SARS-CoV-2 Reinfection in Patients From
Mumbai, India. Front Med (Lausanne) 8:631769

39. Resende PC, Bezerra JF, Teixeira Vasconcelos RH,
Arantes I, Appolinario L, MendonÃ§a AC, Paixao AC,
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Z, Hegyi P. 2021. Repeated SARS-CoV-2 Positivity:
Analysis of 123 Cases. Viruses 13(3):512

96. Das P, Satter SM, Ross AG, Abdullah Z, Nazneen
A, Sultana R, Rimi NA, Chowdhury K, Alam R,
Parveen S, Rahman MM, Hossain ME, Rahman
MZ, Mazumder R, Abdullah A, Rahman M, Banu
S, Ahmed T, Clemens JD, Rahman M. 2021. A
Case Series Describing the Recurrence of COVID-
19 in Patients Who Recovered from Initial Illness in
Bangladesh. Trop Med Infect Dis 6(2):41.

97. Fintelman-Rodrigues N, da Silva APD, Dos Santos
MC, Saraiva FB, Ferreira MA, Gesto J, Rodrigues
DAS, Vale AM, de Azevedo IG, Soares VC, Jiang
H, Tan H, Tschoeke DA, Sacramento CQ, Bozza FA,
Morel CM, Bozza PT, Souza TML. 2021. Genetic Ev-
idence and Host Immune Response in Persons Rein-
fected with SARS-CoV-2, Brazil. Emerg Infect Dis
27(5):1446–1453.

98. Teka IA, BenHasan MH, Alkershini AA, Alatresh OK,
Abulifa TA, Lembagga HA, Alhudiri IM, Elzagheid A.
2021. Reinfection with SARS-CoV-2: A case report
from Libya. Travel Med Infect Dis 41:102040

99. Roy S. 2021. COVID-19 Reinfection in the Face of a
Detectable Antibody Titer. Cureus 13(3):e14033.

100. Fernandes AC, Figueiredo R. 2021. SARS-CoV-2 re-
infection: a case report from Portugal. Rev Soc Bras
Med Trop 54:e0002-2021.

101. Ul-Haq Z, Khan A, Fazid S, Noor F, Yousafzai YM,
Sherin A. 2020. First documented reinfection of SARS-
COV-2 in second wave from Pakistan. J Ayub Med
Coll Abbottabad 32(Suppl 1)(4):S704-S705.

102. Krishna VN, Ahmad M, Overton ET, Jain G. 2021.
Recurrent COVID-19 in Hemodialysis: A Case Report
of 2 Possible Reinfections. Kidney Med 3(3):447–450.

103. Leung S, Hossain N. 2021. Recurrence and Recov-
ery of COVID-19 in an Older Adult Patient with
Multiple Comorbidities: A Case Report. Gerontology
67(4):445–448.

104. Salehi-Vaziri M, Jalali T, Farahmand B, Fotouhi
F, Banifazl M, Pouriayevali MH, Sadat Larijani M,
Afzali N, Ramezani A. 2021. Clinical characteristics
of SARS-CoV-2 by re-infection vs. reactivation: a

10



case series from Iran. Eur J Clin Microbiol Infect Dis
40(8):1713–1719.
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