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ABSTRACT

ALHUSSAINI, NOUR, W., Master of Public Health : January : 2022, Public Health
Title: SARS-CoV-2 Reinfection

Supervisor of Thesis: Manar, E, Abdel-Rahman.

Background: SARS-CoV-2 reinfection investigation is on rise, and despite the fact
that reviews and studies have attempted to study and define reinfection, none have
compared it with all documented conditions in the literature. Therefore, in the quest to
better understand COVID-19, this study aims to develop assessment criteria for SARS-
CoV-2 reinfection and distinguish other post COVID-19 conditions based on a scoping
review, and further study characteristics of reinfected cases in Qatar through a cross-

sectional study.

Methods: A scoping review of SARS-CoV-2 reinfection was performed and was
reported using the PRISMA-ScR checklist. Eight electronic databases were searched
from inception to June 2021, and studies where selected based on a priori identified
inclusion criteria. Outcomes compared with reinfection were reactivation, relapse,
recurrence, repositive, and persistence. A cross sectional study was further conducted
to study characteristics of reinfected cases in Qatar between March and June 2021,
intending to use the developed criteria. Univariate and multivariable logistic regression
and ordinal logistic regression models were utilized for studying the association
between preventive and risk practices with symptomatic status of reinfection and time

interval until reinfection.

Results: A total of 96 studies were included in the scoping review. Published evidence
varied in the used definition for reinfection while others did not use any. Other post
COVID-19 conditions (persistence, relapse, recurrence, reactivation, repositive) were
mainly distinguished from reinfection in terms of age, asymptomatic status, time



interval, and seroconversion. The key findings in determining SARS-CoV-2 reinfection
are occurrence of reinfection after >3 months with at least three negative PCR tests for
a confirmed recovery to ensure viral clearance. Subsequently in Qatar, 411 reinfected
cases (0.73%) were identified after least 90 days from the first infection. Always
performing all combined preventive practices (wearing masks, social distancing, and
hand hygiene) had a significant inverse association with symptomatic status of
reinfection (adjusted prevalence odds ratio (aPOR)= 0.41, 95% CI= 0.24,0.72, P=
0.002), while engaging in some or all risk practices (physical contact and attending
social gatherings) had a significant positive association with symptomatic status of
reinfection (aPOR= 1.94, 95% Cl= 1.21,3.12, P= 0.006). Combined preventive
practices was borderline associated with longest time interval (>332 days) until
reinfection (aOR=1.57, 95% CIl=1.00,2.48, P=0.051), however, risk practices showed
insignificant association with shorter time interval to reinfection (<275 days) (aOR=

0.81, 95% CI=0.55,1.20, P=0.291).

Conclusion: The findings will help in development of guidelines and implementation
of strategies for global public health measures, thereby assisting in impeding the spread

of the virus.
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CHAPTER 1: INTRODUCTION
Background

The COVID-19 pandemic has triggered a massive public health crisis, leading
to illness, death, economic devastation, and a shortage of healthcare workers [1]. Cases
of unknown pneumonia were first reported in Wuhan, Hubei, China in December 2019,
and thus declared by the World Health Organization (WHO) as coronavirus disease
2019 (COVID-19) pandemic on March 11, 2020 [2]. Reinfection with the severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) has only recently become apparent;
however, different studies employ different case definitions, making comparisons
difficult. Furthermore, there is a dearth of epidemiological research on the description
of reinfected cases in the Arab world. Our study builds upon these limitations and aims
to identify assessment criteria for SARS-CoV-2 reinfection from the literature and
complement findings through a descriptive analysis of characteristics on reinfected
cases in Qatar.

Thesis structure

This thesis consists of two interrelated parts. The first part is a scoping review
used to assess criteria for defining SARS-COV-2 reinfection. This scoping review
provides a solid foundation for this thesis by conceptually mapping a definition of
SARS-COV-2 reinfection that can contribute to guide clinicians in diagnosis of
confirmed reinfected cases and sample selection in data analysis studies. The second
part of this thesis is a cross-sectional study on SARS-COV-2 reinfection in Qatar
intended to use the SARS-COV-2 reinfection criteria-developed in the first part based
on available data as complementary for findings in the scoping review and for
describing characteristics of reinfected cases and also explore associations of

preventive and risk practices with symptomatic status of reinfection and time interval



between the first and second infections in the State of Qatar.



CHAPTER 2: REVIEW OF THE LITERATURE

Coronavirus evolution

Avian infectious bronchitis virus (IBV, the first coronavirus, was discovered by
Beaudette and Hudson in 1937 [3]. The term coronavirus (CoV) is derived from the
Latin word "corona,” which means "crown™ and refers to the glycoprotein spikes of
these viruses when viewed through an electron microscope [3]. CoVs were first
discovered in domestic and lab animals before being noticed in humans. In the 1960s,
human coronaviruses (HCoVs) were found in a specimen of a boy with a common cold,
and the virus was discovered to resemble avian IBVs. Coronavirus genus was later
defined [4]. CoVs were classified by the International Committee on Taxonomy of
Viruses (ICT) as belonging to the family Coronaviridae and the order Nidovirales, as
well as the Coronaviridae subfamily comprises of toroviruses and coronaviruses. The
CoVs were further divided into four genera: the alpha, beta, gamma, and delta CoVs
(Figure 1). Alpha and beta CoVs are known to infect humans. CoVs is a large virus
family that can be found in a variety of animals, including bats, cats, camels, and cattle.
Animal CoVs can infect humans on a rare occasion, therefore consequently causing
epidemics like Middle East respiratory syndrome (MERS), severe acute respiratory
syndrome (SARS), and COVID-19, which can spread among humans and are caused
by Middle East respiratory syndrome coronavirus (MERS-CoV), severe acute
respiratory syndrome coronavirus (SARS-CoV), and SARS-CoV-2 viruses,

respectively [5-8]. All three viruses belong to the beta coronaviruses [9-11].
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Figure 1. Taxonomy of coronaviridae according to the international committee on taxonomy of
Viruses.

Note: Created using biorender.com.

SARS-CoV-2 virus

A novel coronavirus emerged in Wuhan, the capital city of Hubei province of
China in December 2019 as few patients who had an unknown cause of fever and
symptoms of lower respiratory tract infections were detected [12]. The newly
discovered virus was initially named 2019 novel coronavirus (2019-nCoV) in January
2020 and then was officially termed COVID-19 in February 2020 by the World Health
Organization [13]. For the last twenty years, COVID-19 is the third significant outbreak
for coronavirus which overwhelmingly surpassed previous CoV disease outbreaks
(SARS and MERYS) in the spread of the disease [14]. Therefore, the WHO declared
COVID-19 pandemic in March 2020 after investigating the transmissibility and
severity of the virus [15]. Understanding the epidemiology of this disease allow us to
understand the natural history and burden of it, along with how it impact different

communities [16].



Epidemiology of COVID-19 pandemic
The spread of COVID-19 posed an enormous threat to public health globally

reaching more than 230 million confirmed cases and exceeding 4.8 million deaths as of
October 2021 [17]. According to the WHO region classification, the Americas and
European regions have the highest number of cases surpassing 91 and 72 million cases
respectively. Cases in the East Mediterranean region reached more than 16 million
cases in October 2021 [17]. The least in the African region reaching 5.5 million in
August 2021 [17].

There has been a wide range of impacts due to the COVID-19 pandemic in
nations around the world, from countries like the United States of America (USA),
United Kingdom (UK), and Turkey with high infection and high mortality rates to
countries like Australia with lower rates [18]. Possible reasons for such variation were
addressed by researches as due to age distribution in countries, genetic predisposition,
strict preventive measures, and better healthcare systems [19]. Researchers have
identified an array of variables that act as risk factors for developing a severe or fatal
COVID-19 course of a disease. These factors include higher age, male gender, post
menopause, history of comorbidities including hypertension, diabetes, and
cardiovascular diseases [20]. For the modifiable factors, certain mitigation
measurements can be applied to reduce or eliminate the impact of the virus [21].

Ever since the beginning of the pandemic, global efforts have been devoted to
developing several and different public health measures to reduce or delay the
transmission of the virus. Such efforts included interventions at multiple levels in the
community, ranging from individual to country-level. As part of primary prevention, at
the individual level, strategies include personal protection like hygiene, cleaning, safe
food handling, and social distancing [22]. Other measures that included governmental

involvement and country level interventions such as wearing masks in public areas,
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imposing social distancing, banning social gatherings, restricting traveling, isolating
infected cases, contact tracing, and quarantine contacts for the aim of detecting cases
as early as possible to prevent reoccurrence of outbreaks [23, 24]. Another avenue being
pursued to ameliorate the spread and severe effects of COVID-19 is the use of
vaccination [25].

The global drive to vaccinate the highest number of populations against SARS-
CoV-2 began in December 2020 with countries in the Middle East, Europe, and North
America directing the implementation of mass immunization campaigns [26]. The
major types of vaccines against SARS-CoV-2 being used across multiple countries and
have also met the WHO criteria for safety and efficacy after evaluating each are

Oxford/AstraZeneca, Pfizer/BioNTech, Moderna, Sinopharm, and Janssen [27].

COVID-19 in Qatar
Qatar has suffered a large SARS-CoV-2 outbreak, however, since the peak,

there has been a dramatic decrease in the number of cases [28] until the start of the
second wave in March 2021 [29]. The number of cases in Qatar reached more than 240
thousand cases and 611 deaths as of November 2021 [17]. Since the beginning of the
outbreak, Qatar government have been rapidly acting to combat the spread of the virus
including imposing stringent public health measures such as limiting on travel, closure
of borders, schools, non-essential businesses, suspension of mass gatherings, and
instituting a partial lockdown [30]. Individual preventive measures imposed in the
country included wearing masks in public and maintaining social distance of at least
one meter [30]. The infection in Qatar has been distinguished by its low case, illness
severity, and death rates [28]. Such low rates may be attributed to well-structured and
well-coordinated healthcare services, the deployment of a comprehensive public health

response, and the construction of the National Health Response to COVID-



19 governance structure for rapid decision making [31]. While the top priority is to
prevent or treat infected cases, understanding the impact of the pandemic gives
opportunity to manage and restore social and economic welfare [32].

Impact of COVID-19 pandemic

It is imperative to address aspects and consequences of significant catastrophic
epidemics that have transformed the globe and introduced new policies and public
health measures to bear successful interventions for controlling them. Such impacts
include the precipitation of community and nosocomial transmission which might lead
to an increase in rates of morbidity and mortality in communities and in healthcare
settings [33]. New SARS-CoV-2 variants were found be more contagious and cause
severe illnesses [34], as this might lead to continuous outbreaks and pose a serious
public health concern [35].

Not only is the COVID-19 pandemic a threat to people's physical health; it is
also affecting their mental health [36]. This pandemic has steered so much fear and
uncertainty among the public leaving a psychological negative impact such as stress,
anxiety, and even depression [37]. Furthermore, isolating infected or those in contact
with cases from their relatives and friends provide them with a sense of loss of freedom
in addition to the anxious feelings of the disease's possibility [38]. Loss of
opportunities, social exclusion, and experiencing death of a family member who was
affected by COVID-19 are all potential sources that could upsurge mental distortions
[36].

Additionally, due to the preventive measures implemented in many countries
to combat the spread of the virus, such impediments may exacerbate the impact of
individual’s and country’s economic systems [39]. Therefore, financial loss could be
reached as a result of reduction in transportation/travel between or within countries

leading to less tourism [40]. Other reasons could be trade-related, such as a reduction
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in consumption of goods and services due to lockdown measures, as well as lack of
foreign exchange which might affect the country’s economic growth due to
governments enforcing restrictions on foreigner entries to countries [35].

In addition to the enormous load that have been put on health-care systems
during COVID-19 pandemic, those with chronic diseases were also unable to receive
the support they need due to lack of access to health services during the waves, as they
may require ongoing routine care [41]. As the impact of the pandemic is addressed,
further understanding of the clinical manifestations of infected patients is essential so
that resources can be allocated to the prevention and treatment to those who catch the
disease.

Clinical presentation of COVID-19 patients

COVID-19 mainly affects respiratory system [42]. Clinical manifestations have
revealed high variability among COVID-19 patients. While some patients hold an
asymptomatic disease [43], the predominant symptoms of COVID-19 patients are
fever, dry cough, and fatigue and other less common symptoms are sore throat,
headache, loss of taste or smell, muscle pain, nausea, vomiting, chills, diarrhea, nasal
conjunction, and skin rash [15]. Difficulties in breathing is an indication of probable
pneumonia and necessitates immediate clinical attention and care [44]. According to
WHO severity classification [45], pneumonia symptoms are found to be related to
moderate and severe clinical course. A string of these symptoms merely rarely leads to
a diagnosis, as other diagnostic methods shall be used [46].

Diagnostic methods

Several multiple diagnostic tests have been developed for the identification of
COVID-19 patients rapidly and accurately [47]. The following categories describe the

most commonly used methods for detecting patients with COVID-19:

Nucleic acid-based tests



For the detection of SARS-CoV-2 and the control of outbreaks in communities,
accurate and rapid diagnosis is essential. Nucleic acid amplification techniques
(NAATS), using reverse transcriptase polymerase chain reaction (RT-PCR), can be
utilized as the primary diagnostic tool for SARS-CoV-2. The World Health
Organization (WHO) published guidelines for laboratory testing of suspected patients
with COVID-19 which recommended collecting specimens from the upper respiratory
tract (URT) using RT-PCR [48]. This test can help identify the RNA sequences that
make up the virus' genetic material. There are multiple other methods used for
amplifying the nucleic acids and detecting the virus [49].

Although RT-PCR is the gold method used for detecting COVID-19 [50], it is
important to note that its results are dependent on the specimen collected, which may
have flaws, including the chance of getting false negative results that occur as a result
of single tests, errors in sample collection, machine handling, and incorrect
interpretation of the results [51, 52]. Therefore, further detecting methods may be

required to confirm the infection [53].

Serologic tests

Detection of anti-SARS—CoV-2 antibodies could indicate that a person is
infected with COVID-19 specifically in case of false-negative/positive results. In order
to evaluate immunological response, antibodies in serum are usually used. These assays
are based on enzyme immunoassays, which detect the presence of virus-specific
antibodies in the blood, or on live or pseudo-virus neutralization assays, which detect
functional neutralizing antibodies. Enzyme-linked immunosorbent assay (ELISA) is
the most used technique for detecting specific SARS—-CoV-2 antibodies as it permits
researchers to acquire specific and sensitive results in as little as from one to five hours

[54-57]. Serological tests are critical in determining the existence of antibodies that



indicate a protective immune response [58].

Other diagnostic tests
Computed tomography (CT) scan and chest radiography (CXR) are two other

less time-consuming methods for detecting the presence of viral pneumonia. Chest X-
ray and CT scan are endorsed as the first-line diagnostic tool for COVID-19 in multiple
countries [59] due to their usefulness, lower cost, and availability [60]. However, these
methods are of less value when the infected is with an early or mild course of the disease
[61].

Multiple other methods are developed for rapid and low-cost testing procedures
to conduct comprehensive surveillance programs [62]. Several aspects should be
examined when choosing the best diagnostic test. Although the sensitivity and
specificity rates are crucial for diagnostic tools; however, they are not the only factors
to consider. Indeed, in cases of pandemics, an effective test should be quick, repeatable,
available, and affordable to perform multiple times on a significant proportion of the
population [63]. Hence, selecting the right diagnostic tool depends on the purpose of
the investigation whether clinical or epidemiological tracing systems [63].

SARS-CoV-2 variants
When a virus infects a human, it attaches to the cells, enters them, and replicates

its RNA, allowing it to spread. If a copying error occurs, the RNA is altered. These
alterations are described as mutations and viruses with either one or more mutations
(change in whole genome sequence) are named variants [64]. When a variant exhibit
distinct physical characteristic, it is then referred to as a strain. In other words, a strain
is a variant that differs from its reference virus in terms of structure and behavior and
such differences include, but not limited to, bindings to a different cell receptor,
replicating faster, transmitting more efficiently, disease severity, and vaccine
performance [64]. When a variant completely deviates from the parental virus it is to

10



be recognized as a new lineage, or branch in the phylogenetic trees [65]. Genomic
sequencing is a process used to decode the virus's genes and understand different
variants circulating around the globe. This method also helps identify SARS-CoV-2
and tracks the evolution of new variants over time, and helps understand how these
changes affect the virus's properties and to better understand how it harm human health
[66]. The emergence of new variants might lead to serious consequences such as drug
resistance and vaccine failure [67], hence possibly causing an increased infection and
mortality rates [68].

The appearance of variants that offer greater risk to the public health globally
has spurred the WHO to provide labels for each specific variant as either a variant of
interest (\VOIs) or a variants of concern (VOCs) alongside the scientific terminologies
available [69]. A VOI is one that possesses a genetic aptitude that influences virus
properties such as disease severity, immunological escape, transmissibility, and
diagnostic escape. VOCs tend to be of more highly transmissible, highly increase in
disease severity and death compared to VOIs, with higher potential of immune escape,
and a considerable decline in the efficacy of vaccinations and treatments [69]. Until
now there are four types of VOC and two variants of interest classified by the WHO
[69] (Table 1). Itis further important to comprehend the immune response when infected

with different strains of the virus.
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Table 1. Labeled Variants of Concern (VOC) and Variants of Interest (VOI) According to WHO
Classification

WHO label Scientific name Country

VOC

Alpha B.1.1.7 United Kingdom

Beta B.1.351 South Africa

Gamma P.1 Brazil

Delta B.1.617.2 India
VOI

Lambda C.37 Peru

Mu B.1.621 Colombia

COVID-19 immune response
The human body contain two components of the immune system, the innate and

the adaptive immune systems [70]. The innate system is the first line defense
mechanism against foreign bodies entering the body as it acts quickly. It has only a
limited ability to prevent the transmission of pathogens, while the adaptive immune
response is responsible for this, though it may be of a slower process compared to the
latter, however, provides long-term protection against the pathogen [70]. In the adaptive
immunity, diverse classes of antibodies are created to neutralize the infected cells. One
of the primary functions of antibodies is to bind to pathogens and prevent them from
infecting or entering cells [71]. The production of detectable antibodies in the blood
against a specific antigen is known as seroconversion [72].

Individuals infected with the SARS-CoV-2 virus acquire detectable neutralizing
antibodies (NAb) and develop IgG seropositivity in 90% to 99% of cases after two to
four weeks after the infection [73-78]. NAb levels tend to be lower in individuals with
mild or asymptomatic infections than they are in those with more severe disease, and
in younger adults and some studies suggest that antibody levels begin to decline after
few months of infection [76, 77, 79-81]. IgM is detected usually one to two weeks after
infection as high levels are seen in the early stages of illness, while elevated IgG levels

are associated with a later stage of infection [82]. When the IgG and IgM are positive,
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this indicates a recent infection, while if both are negative, this implies no infection, or
no antibodies produced. If 1IgG was detected with no IgM, this means the patient is in
the rehabilitation phase [83]. It is also crucial to note the importance of identifying IgA
antibodies since they rise in the early phases of the infection which can be used to detect
it at early stages and they also act as the most critical immunoglobulins for fighting
pathogenic infections in the respiratory and digestive systems [84, 85]. Fox et al. [86]
suggested that the type of immunity developed by IgA, helps in in preventing SARS-
CoV-2 infections.

Large studies conducted previously in the USA [87], UK [88], and Denmark
[89], illustrated that SARS-CoV-2 infection provided from 80% to 90% protection
against reinfection for up to 7 months. In support to these findings, a recent systematic
review (pre-print) [90], demonstrated that roughly 90% of those who had been infected
with SARS-CoV-2 developed memory cells for the virus, which persist for not less than
6 to 8 months after recovery. On the other hand, some individuals fail to develop
antibodies after infection as possible reasons remain unclear [80]. Some particular
groups, such as those who are immunosuppressed as a result of medications or who
have underlying medical disorders, are likely to be at higher risk of reinfection or
persistence of the virus due to a weak immune response to SARS-CoV-2 compared to
other healthy individuals. Because of a phenomenon known as antibody-dependent
enhancement (ADE), antibodies do not always inhibit virus entry into cells, however,
in some cases, they enable the virus to enter cells and amplify the immunological
response [91]. All of this may contribute to increased susceptibility to SARS-CoV-2
reinfection.

SARS-CoV-2 reinfection
According to the CDC [92], the simple definition of reinfection is getting

infected once, recovering, and then becoming infected again. SARS-CoV-2 reinfection
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have been documented in several countries throughout the world [58, 68, 93, 94]. In
August 2020, the first case of reinfection was documented in Hong Kong [95]. The time
interval between the two episodes for this reinfected case was 4.5 months, with the first
infection causing mild symptoms and an asymptomatic course of disease in the second
infection. Recovery of the patient was confirmed through two negative PCR tests and
confirmed reinfection was determined by whole genome sequencing, which revealed
that the two infections were from separate clades/lineages [95]. Other reinfected cases
reported in many other regions, such as Pakistan [58], North America [96], Libya [93],
Qatar [94], and Japan [97].

By virtue of the evident duration of protection from reinfection following
natural infection, several studies reported an increase in reinfected cases [98-100].
Previous infection of SARS-CoV-2 does not guarantee full immunity and full
protection from reinfection as the degree and duration of immunity are still not entirely
clear. As a result, many studies reported an increase in rate of reinfection and could be
due to age, absence of neutralizing antibodies, emergence of new strains which leads to
escape the antibodies, or immune response level [95, 101, 102]. Some studies suggest
that those who had a first infection with mild symptoms tend to have weaker immunity
therefore leading to less protection from a second infection when compared to those
with severe illness [103, 104]. However, further investigation and identification of
reinfection and risk factors are required. Further comprehensive details on reinfection

and reinfected cases are thoroughly studied and covered in the review, Chapter 3.
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CHAPTER 3: ASSESSMENT OF SARS-COV-2 REINFECTION AND
DISTINGUISHING OTHER POST COVID-19 CONDITIONS: A SCOPING
REVIEW

Background

The fast spread of COVID-19 poses substantial concerns for many countries'
economies and healthcare systems [105]. Even in this rapidly evolving circumstance,
there is still a tremendous degree of uncertainty about the pandemic's potential
outcomes. One of the major important questions that remains unresolved is whether
persons who recover from COVID-19 can be reinfected with SARS-CoV-2. Moreover,
it is also uncertain whether testing positive again will be deemed reinfection or is a
result of another cause.

Multiple case reports and studies have been published on retesting positive for
COVID-19, and some focusing on reinfection as the main outcome [58, 68, 83, 93].
Several studies are suggestive that SARS-CoV-2 reinfection occurrence is rare
accounting for 0.17% [98], 0.3% [87] , 0.47% [106], while other studies showed higher
rates accounting for 2.7% [87], 4.5% [107] and even 11.3% [87]. This variance and
inconsistency in reinfection rates could be attributed to the lack of a standardized
definition, as studies may have utilized different evaluation criteria for a confirmed
reinfection and confirmed recovery, and this heterogeneity may result in incomparable
results.

We will be able to better understand reinfection if we understand how patients
recover. Discharge criteria were created to imply patient recovery. Countries may differ
in the use of discharge criteria to confirm recovery from an infection [106, 108].
According to the initial discharge criteria developed by the WHO in January 2020
[109], patients are discharged after having two consecutive negative tests following

infection, then this criteria was later revised and updated in May 2020 to require patients
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to spend 10 days in isolation after symptom onset, in addition to at least 3 days without
symptoms (including without fever and without respiratory symptoms), asymptomatic
cases are to be isolated only for 10 days after a positive PCR test [110]. Additionally,
the Cycle threshold (Ct) value is used sometimes for confirming recovery as being part
of discharge criteria. Some places regard a Ct value of fewer than 30 to be a positive
case [111], while others consider a threshold values of less than 35 [112], 37 [113, 114],
38 [81], or 40 [115] to be considered as a positive case infected with COVID-19. This
variation in the determined cutoff could be owing to a predefined cutoff value for
certain tests used, or it could be related to the test's last cycle [116].

Retesting positive is a broad term that can refer to one of a variety of different
mechanisms. It is imperative to note that these mechanisms might occur rather than
reinfection, and each should be clarified for accurate findings and interpretation of
results. Such mechanisms include SARS-CoV-2 persistence, SARS-CoV-2
reactivation, relapse of COVID-19, repositive test, and recurrence of COVID-19.
Several studies confuse these terminologies with reinfection, therefore, leading to
incorrect interpretation of findings. These mechanisms will be referred to as "post
COVID-19 conditions™ in this research. Persistence of the virus is when the virus is not
cleared, although instead, remains in specific cells of infected people [117]. History of
comorbidities and the development of a critical condition when infected are two factors
that may delay virus clearance and lead to its persistence in the body [118]. Reactivation
of a virus is a process where a latent virus which infected a host cell switches to a lytic
stage of replication, allowing the virus to spread. This mechanism has been linked to a
variety of stressors, including infection with another virus, physical changes (such as
fever, menstruation, and sunlight exposure), nerve trauma, and immunosuppression

[119]. Relapse of a disease is referred to the return of signs and symptoms of a disease
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after remission [120]. Moreover, it was stated before that recurrence of a disease occurs
due to persistence of a virus, relapse of the disease, reactivation of the virus, or
reinfection with a new strain [121-123]. Repositive refers to a patient who got re-tested
positive due to findings a nucleic acid in the body after recovering from COVID-19
[124]. Some studies were conducted on these post COVID-19 conditions and
definitions were developed for a few of them.

Regardless of the fact that some studies have been conducted and investigated
reinfection and possibly attempted to define reinfection, none have yet discussed and
presented reinfection in relation to all other possible post COVID-19 conditions.
Therefore, this study aims to provide assessment criteria and propose definitions for
reinfection and the other conditions.

Aim and objectives
Aim

Propose assessment criteria for defining reinfection in recovered COVID-19 patients

Objectives

Identify criteria used for defining SARS-CoV-2 reinfection in the literature;

Examine the epidemiological, diagnostic, and clinical features in the literature that

characterize SARS-CoV-2 reinfection;

Conceptually map the literature according to different post COVID-19 conditions

confused with reinfection;

Map out the range of variables and tests used to define SARS-CoV-2 reinfection

and other post COVID-19 conditions and develop formal definitions;

Identify gaps and areas for future research that require better understanding of
SARS-CoV-2 reinfection.

Methods

Study design
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In this study, a scoping review was used, which is defined as a type of research
that aims to “map the literature on a particular topic or research area and provide an
opportunity to identify key concepts; gaps in the research; and types and sources of
evidence to inform practice, policymaking, and research” [125]. The Preferred
Reporting Items for Systematic Reviews and Meta-Analyses extension for scoping
review (PRISMA-ScR) guideline was used for reporting this study [126].

Study eligibility criteria

Inclusion criteria
e Study design: All types of epidemiological studies were included in this review with

no restrictions.

e Participants: Patients who had recovered from an episode of SARS-CoV-2 infection,
thereafter, tested positive again for COVID-19. To eliminate the possibility of including
cases with prolonged positivity, we included only cases which had a laboratory
confirmed negative test between the two positive tests for SARS-CoV-2. This was in
accordance with the CDC’s recommendation as the prolonged positive PCR for 90-day
time after initial infection represents persistence of the virus rather than a true

reinfection with COVID-19 [127].

e Outcome: Studies considering reinfection as an outcome or any of the following post
COVID-19 conditions which are often confused with reinfection: recurrence,
repositive, relapse, late presentation, delayed presentation, persistence, or reactivation.
These terms were determined a priori in a preliminary search before conducting the
scoping review and were chosen as they were commonly used and reported by several

researchers.

e Time: All articles published since inception of COVID-19 pandemic in 2019
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e Only full text, peer-reviewed articles published in English were included

Exclusion criteria
e Articles on coronaviruses in general, with no emphasis on the novel COVID-19
e Research describing non-human studies, such as articles focusing on animals
e Review studies since the emphasis was on evaluated individual cases

e Non-confirmed or doubtfulness of the outcome (e.g. reinfection or relapse)

Data sources and search strategy

Electronic searches

A systematic search and reporting in accordance with the PRISMA 2020 flow
diagram [128] was conducted on PubMed, Embase, Cochrane library, SCOPUS, Web
of Science, MEDLINE, Oxford Academic, and Wiley Online Library databases
between the inception of the pandemic, until 4" of June 2021. As the search method
was tailored to specific requirements depending on the database searched, a
comprehensive search strategy was developed to capture all articles that addressed
SARS-CoV-2 reinfection (Appendix A: Table A 1). The search strategy included all
possible synonyms of three main strings which are “COVID-19”, “reinfection”, and
“diagnostic methods”. Each synonym was operated with OR Boolean, while each string
was operated with AND Boolean. The "Coronavirus" MeSH term was used in Pubmed,
while the Embase database used the entrée "coronavirus disease 2019." We limited the
search from December 2019 onwards. Multiple keywords were used in the search

strategy and are presented in Table 2.
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Table 2. Keywords Used in The Search Strategy

COVID-19 Conditions Diagnostic
methodology

COVID-19 Reinfection Whole genome
Covid19 Re-infection Sequencing
Corona virus Re-positive Seroconversion
SARS-CoV-2 Repositive Sero-conversion
Severe acute respiratory Relapse Antibody response
syndrome coronavirus 2 Recurrence Immune response
2019nCoV Recurrent Viral strain
2019 nCoV Late presentation Viral clade
2019-nCoV Delayed presentation Variant
HCoV-19 Retested positive
Coronavirus Re-tested positive
Coronavirus disease 2019 Persistence

Reactivation
Postinfection
Post-infection

Other search methods
Additional searches were conducted using Google Scholar, and a manual search
of reference lists of pertinent reviews identified during screening was performed to

capture any missed relevant studies.

Screening and selection of studies

Results of the search strategy retrieved from the abovementioned databases
were imported into the bibliographic software EndNoteX9 [129], and duplicates were
removed. Duplicate citations that remained were manually removed. A total of 1,873
obtained studies were scrutinized and assessed for eligibility by four investigators.
Selected studies were based on the inclusion and exclusion criteria outlined above and
then, were divided, and downloaded into two groups in Mendeley software which was
used for screening. Two authors (N.A. and Y.E.) were assigned to independently screen
the first group of 937 articles, while the other two authors (E.Y. and M.A.) screened
articles in group two. After initial screening, all eligible articles were imported into

Microsoft Excel 2010, merged, and differences between authors were discussed to
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reach consensus in relation to ensuring the accuracy of the selection phase. Later, the
articles were then subjected to a second round of screening, which included more author
discussions. Reasons of exclusion were: no evidence of a negative test between the two
episodes, review studies, unpublished articles/ preprints, insufficient information, and
non-confirmed cases. The PRISMA flowchart [130] was used to record the inclusion

and exclusion of studies (Figure 2).

Identification of studies via databases and reference lists

]

Records identified from:
Databases (n = 2706) R
Reference lists (n = 150)

Records removed before screening:
Duplicate records removed (n = 833)

Identification

= }

Records screened > Records excluded*
(n=1873) (n = 1660)
l Reports excluded (n=70):
. Irrelevant (n =51)
Reports assessed for eligibility Unpublished paper/preprints (n = 9)
2 (first screening) — Nonconfirmed reinfection cases (n = 10)
‘T (n=213)
8
Q
@ l Reports excluded (54):
Does not provide sufficient data (n = 14)
Reports assessed for eligibility No evidence on negative test (n = 19)
(n=143) > Non-confirmed outcome (n = 11)
Reviews (n =9)
Other language (n = 1)

Additional records identified

v / through google scholar (n = 7)

Studies included in review
(n=96)

Reports of included studies
(n=96)

Figure 2. PRISMA flowchart of recorded studies.

Data charting
Studies deemed relevant were procured for full text and data extraction was

performed in a pre-defined data extraction spreadsheet. All studies were analyzed and
prepared with basic information charted including author, title, study location, study
design, number of cases, socio-demographics (age, gender, occupation), patient

information (COVID-19 symptoms and comorbidities), reason for detection, method of
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detection, exposure information, number of negative tests between the two positives,
time interval between the initial and reinfections, vaccination status, whole genome
sequencing (if performed), and conclusions of studies. Severity of symptoms was
documented based on the WHO classification of symptom severity (Table A 2) [131].
Each author independently charted an assigned part, and a flip technique was used as
each two authors flipped parts and re-extracted data. One reviewer (N.A.) merged all
extracted data into one table and re-checked the extraction data to ensure the accuracy

of reported information.

Quality assessment

The current review, which is based on the development of criteria for defining
SARS-CoV-2 reinfection, calls for low-quality studies to be excluded from the study.
Thus, quality assessment was performed by groups of three authors for the sake of
evaluating the included studies. Case reports and case series were evaluated using the
National Institute of Health (NIH) tool which consists of nine questions [132]. The
question about whether there was a clear description of the intervention was excluded
because it was irrelevant to the goals of the studies that were included. Each question
was answered simply with a "yes" or "no,"” with irrelevant questions labeled "not
applicable (N/A)." The NIH tool was scored by counting the number of questions that
were answered ‘“yes,” with a total score of zero and a maximum of eight. For
observational studies, the Newcastle-Ottawa scale (NOS) was used [133], which has
three main domains: selection, comparability, and outcomes. Each observational
study was given a score ranging from 0 to 9. The quality of case series/reports and
cohort studies was graded on a scale of 0-3 for poor quality, 4-6 for fair quality, and 7-
9 for good quality. Some of the domains for granting a score (e.g. regression modeling

and adjusting for confounders) were not applicable in cross-sectional studies, so they
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were removed from the final assessment scoring, resulting in a different scoring
threshold for cross-sectional studies: 0-1 indicated poor quality, 2-3 fair, and above 3
good. For each included study, a final judgment on the quality of the research was made

and reported.

Synthesis of results

Data was compiled in the form of tables and graphs, with demographics
presented as frequencies and percentages, as well as median and/or ranges as
appropriate, in descriptive statistics. Furthermore, definitions were proposed, and data
was classified based on each post COVID-19 condition for further comparison with
reinfection, and findings were reported accordingly. The main categories for
developing reinfection assessment criteria were identified.

Results

Characteristics of included studies

The database search yielded a total of 2,706 studies between December 2019
and June 2021. Following duplicate removal, 1,873 remained for screening, of which
213 were found relevant after the initial screening of titles and abstracts. Of them, 143
were found to be eligible and met the inclusion criteria outlined. Secondary screening
and author discussion were conducted to further refine the search, and 96 studies were

included [68, 83, 134-227] (Figure 2).

The post COVID-19 conditions included as part of the results of this scoping
review were reported as stated in the selected studies. Most studies included cases of
reinfection (50/96) as the main outcome [68, 83, 135, 136, 138, 140-142, 154, 155, 157-
164, 166-168, 170-172, 174, 175, 177-179, 183-185, 187, 190, 196, 200-203, 206, 209,
210, 212-216, 219, 222, 225], followed by repositive (21/96) [146-150, 153, 156, 169,

176, 180, 181, 188, 197, 198, 204, 207, 208, 211, 220, 224, 227], recurrence (10/96)
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[143, 144, 152, 165, 192, 193, 195, 199, 221, 223], reactivation (7/96) [137, 145, 151,
182, 191, 194, 218], persistence (5/96) [134, 186, 189, 217, 226], and relapse (3/96)
[139, 173, 205]. Fifty six articles were case reports [68, 83, 134-137, 139-143, 155,
157,158, 160, 161, 167, 168, 170, 171, 173-176, 178, 179, 181-187, 190, 192-196, 198-
205, 211, 212, 214, 216-219, 222, 226], 18 case series [138, 144, 147, 154, 162, 163,
165, 166, 172, 177, 188, 189, 191, 206, 209, 215, 221, 225] and 22 observational studies
[145, 146, 148-153, 156, 159, 164, 169, 180, 197, 207, 208, 210, 213, 220, 223, 224,
227]. The number of studies categorized based upon post COVID-19 conditions and

study designs are presented in Table 3.

Table 3. Summary of Included Studies Based on Post COVID-19 Conditions and Study Designs

Case Prospective Retrospective Cross- Total
reports/series  cohort studies  cohort studies sectional
studies

Reinfection 46 2 - 2 50
Persistence 5 - - - 5
Reactivation 5 - 2 - 7
Recurrence 8 1 1 - 10
Relapse 3 - - - 3
Repositive 7 4 8 2 21
Total 74 7 11 4 96

The total number of participants for all included articles was 1,071. The rate of
females in included studies was slightly higher than males accounting for 55%. Age
ranged between three months to 95 years old. Furthermore, 18% of the total population
of included studies were healthcare workers (HCWs) and seven of 96 conducted their

research exclusively among HCWs [138, 162, 190, 206, 210, 214, 221]. Fifty-four

24



studies reported having patients with comorbidities prior to SARS-CoV-2 reinfection
[68, 134, 136, 137, 140, 141, 143, 144, 147, 150, 152, 154, 157, 159, 161, 163-165,
167, 168, 170, 172, 173, 175, 177, 180-185, 187-189, 191, 192, 194, 198, 199, 202-
204, 206, 208, 209, 211, 216-220, 223-225]. All studies used PCR as a primary
diagnostic method for detecting reinfection with COVID-19, followed by antibody
testing which was performed by 64 studies [68, 83, 134, 136, 137, 139, 141, 142, 146-
150, 152, 154-158, 160-163, 165, 170-173, 177-180, 182-189, 193-195, 197, 200, 202,
203, 205-212, 214, 215, 217-219, 223, 225-227], and whole genome sequencing (WGS)
was undertaken in 23 studies [68, 134, 142, 154, 155, 157, 159, 160, 166, 170-172, 177-

179, 203, 206, 209, 212, 214, 217, 221, 225].

Geographical display of included studies according to WHO regions is
presented in Figure 3. Majority of studies were from and the Western Pacific Region
(WPR) (31/96) [83, 108, 136, 139, 143, 146-150, 153, 156, 160, 172, 180, 188, 197,
207, 208, 211, 215, 220, 224, 226-229] followed by 26 in the European region (EUR)
[68, 134, 155, 157-159, 161, 162, 164, 166, 168, 170, 173, 182, 183, 187, 191, 193-
195, 209, 210, 214, 216, 218, 221], 22 in the region of the Americas (AMR) [140-142,
144, 165, 167, 169, 171, 174, 177-179, 181, 184, 192, 199, 200, 202, 203, 206, 217,
219], 9 in the South-East Asian region (SEAR) [135, 137, 138, 154, 163, 198, 204, 213,
222], and 8 in the Eastern Mediterranean Region (EMR) [175, 176, 185, 190, 196, 201,
212, 225]. Most included research articles were clustering in certain areas such as the
western part of the EUR, and in certain countries in WPR such as China that was equal
to a total of 28 studies [83, 139, 143, 145-153, 156, 160, 180, 186, 189, 197, 205, 207,
208, 211, 215, 220, 223, 224, 226, 227]. Studies on cases of reinfection had been
published in all regions except AMR. The WPR articles covered all post COVID-19

conditions, whereas the EUR research focused on all except repositivity. The majority
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of the articles in the EMR focused on reinfection, with the exception of one that looked
into repositivity. Reinfection, recurrence, persistence, and repositivity were studied in
the AMR region, while reinfection, reactivation, and repositivity were studied in the

SEAR region. No studies were found in the African region (AFR), in many parts of the

EUR, and in some parts of the AMR.

WHO Region

. Region of the Americas (AMR)
[l European Region (EUR)

[l Western Pacific Region (WPR)
[l African Region (AFR)

[ Eastern Mediterranean Region
(EMR)

[l South-East Asian Region
"(SEAR)

Pins

I Reinfection Repositive Recurrence Reactivation Relapse B rersistence

Figure 3. Geographic distribution of included studies based on post COVID-19 conditions.

Main findings of included studies

Table 4 demonstrates findings based upon post COVID-19 conditions. Studies
that covered repositive (n=547) and reinfection (n=343) had the highest number of
participants. Age ranged widely in all post COVID-19 conditions except persistence,
which only included adults and the elderly (range= 44-77 years). Females predominated
in all post COVID-19 conditions except persistence, which had a higher proportion of

males (62.5%).

Furthermore, 51% of patients with reinfection had more than two negative tests
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between the two infections. On the other hand, majority patients who had reactivation
of the virus had at least two negative tests until the next positive result accounting for
55.6% and patients who experienced repositive, recurrence, or relapse primarily mainly
had two negative tests accounting for 55.5%, 88.3%, and 100%, respectively. The
overwhelming majority of patients with a persistent virus only had one negative test

(97.5%).

Among all post COVID-19 conditions, reinfected cases had the longest time
interval between the two infections, reaching up to 9 months. Findings also revealed
that the majority of patients with reinfection (87.4%) had a time span of more than three
months, whereas the greatest number of patients with other post COVID-19 conditions
had a time span of less than three months until the second positive result (repositive=
100%, persistence= 97.5%, reactivation= 94.4%, relapse= 100%, recurrence= 93.3%).
The main reported reasons for the detection of the second positive results among all
post COVID-19 condition groups were follow-up and the emergence of symptoms. The
cycle threshold was reported and specified in 26 studies and specifically, among 153
cases. Of the 29 reinfected cases who had a reported Ct value, the larger bulk (76%)
had Ct value lower than or equal to 30, and one case in each of reactivation and
recurrence also had Ct value lower than or equal to 30. One hundred twenty cases (22%)
with repositive had reported a specified Ct value for each case, of them, 96.7% had a
value of more than 30. One case in each persistence and relapse had a Ct value higher
than 30 as well. Furthermore, repositive cases had a reported general cutoff point with
no specification for each case. Sixteen percent of repositive cases considered a Ct value
less than 37 to be a repositive case, while 4% considered Ct value less than 38, and 17%

with Ct value less than 40.

Although most cases among all post COVID-19 conditions groups had mild
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symptoms after the second positive result, accounting for 46%, it is significant to
mention that a large number were asymptomatic (30.5%), while fewer had moderate
(16.5%) and very few suffered severe (5%) or critical (2%) symptoms. Despite the fact
that most post COVID-19 conditions had mild symptoms in the second positive result,
persistence had most asymptomatic patients (5%). Moreover, more than half of cases
with persistence (60%) and recurrence (55.8%) had comorbidities. Further to that, the
majority of patients with comorbidities had mild symptoms (41%) and were
asymptomatic (29%). A fatal outcome was reported in nearly 1% of all participants,
and all of those who died had previous comorbidities, apart from one case who had no

clinical conditions while then developed liver complications after reinfection.

As per the diagnostic methods, the standard test, which is PCR, is performed
among all cases in all groups. Studies of persistence, relapse, and reinfection mainly
reported testing for antibodies with percentages of 100%, 66.7%, and 59.2%,
respectively. As for immunology, although IgG and IgM were found in many cases
with different post COVID-19 conditions, IgA was detected in only three reinfected
cases, while was discovered in 48 repositive cases Although seroconversion was mainly
evident in reinfected cases (41.4%), it was only marginally observed in those with
recurrent infection (4.2%). WGS was only found to be primarily performed in
reinfection-related studies (6.4% of reinfected cases), and in two persistence studies
(5% of persistent cases). Similarly, viral culture was also discovered to be done in two
studies among 3% of cases with reinfection. Viral culture was determined positive for
five reinfected cases with Ct value less than 30, while only one case had a Ct value
more than 30. Five case had a negative viral culture indicating a specific fragment of

the dead virus genome was amplified with Ct value more than 30.
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Table 4. Main Findings Based on Reinfection and Post COVID-19 Conditions

Reinfection
n8=343

Repositive
n=547

Persistence
n=40

Reactivation
n=18

Recurrence
n=120

Relapse
n=3

Demographics
Age, median (range)
Gender
Males
Females
Other and NR”
Epidemiological factors
Number of negative tests
One
Two
At least one
At least two
Three or more
Time frame
0-3 months
3-6 months
6-9 months
Reason for testing (second positive)
Follow up
Symptoms
Routine screening
Surveillance
Contact with case
NR"
Clinical factors

46.5 (3-95 years)

38%
58%
4%

24.5%
10.5%
14%
0%
51%

12.6%
29.4%
58%

10.3%
5.8%
5.8%
1.8%
1.7%
74.6%

49 (3 months-82 years)

47%
53%
0%

2.5%
55.5%
20.8%
20.8%
0.4%

100%
0%
0%

73.8%
0.2%
0.4%
0%
0%
25.6%

55 (44-77 years)

62.5%
37.5%
0%

97.5%
0%
0%
0%
2.5%

97.5%
2.5%
0%

7.5%
0%
0%
0%
0%
92.5%

47 (3 — 84 years)

44.4%
55.6%
0%

16.5%
0%
27.9%
55.6%
0%

94.4%
5.6%
0%

38.9%
27.8%
5.5%
0%
0%
27.8%

50 (16-90 years)

45.8%
54.2%
0%

1.7%
88.3%
10%
0%
0%

93.3%
6.7%
0%

84.2%
10.8%
0.8%
0%
4.2%
0%

57.5 (31-91 years)

0%
100%
0%

0%
100%
0%
0%
0%

100%
0%
0%

0%
66.7%
0%
33.3%
0%
0%
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Reinfection Repositive Persistence Reactivation Recurrence Relapse
ns=343 n=547 n=40 n=18 n=120 n=3
Cycle threshold value (second positive)
<30 6.1% 0.73% 0% 5.6% 0.83% 0%
>30 2.3% 21.2% 2.5% 0% 0% 33.3%
NS™ 58.1% 40.8% 0% 0% 0% 0%
NR* 33.5% 37.3% 97.5% 94.4% 99.17% 66.7%
Symptoms (second positive)
Asymptomatic 32.4% 20.5% 5% 44.4% 20% 0%
Mild 33.5% 34.5% 0% 38.9% 62.5% 66.7%
Moderate 20.1% 11.3% 2.5% 11.1% 4.2% 0%
Severe 2.3% 3.7% 0% 5.6% 12.5% 33.3%
Critical 1.7% 1.1% 0% 0% 0.8% 0%
NS™ 0% 0% 90% 0% 0% 0%
NR* 10% 28.9% 2.5% 0% 0% 0%
Comorbidity rate 16.3% 7.9% 60% 33.3% 55.8% 33.3%
Outcomes
Recovery rate 97.7% 99.8% 97.5% 89% 99.2% 66.7%
Death rate 2.3% 0.2% 2.5% 5.5% 0.8% 33.3%
NS™ 0% 0% 0% 5.5% 0% 0%
Detection methods
RT-PCR 100% 100% 100% 100% 100% 100%
Antibody test 59.2% 39.7% 100% 16.6% 28.3% 66.7%
WGS 6.4% 0% 5% 0% 0% 0%
Viral culture 3% 0% 0% 0% 0% 0%
Seroconversion
Yes 41.4% 0% 0% 0% 4.2% 0%
No 10.5% 42.2% 95% 22.2% 15% 100%
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Reinfection Repositive Persistence Reactivation Recurrence Relapse

ns=343 n=547 n=40 n=18 n=120 n=3
NS™ 0% 12.8% 0% 0% 70.8% 0%
NR* 11.4% 0% 5% 0% 0% 0%
NP™ 36.7% 45% 0% 77.8% 10% 0%

8 n= represents the sample size of each group

*kk

Note: “NR: Not reported ““NS: not specified ““NP: not performed

All calculations included denominator of the total number of cases for each specific post COVID-19 condition
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Definitions for reinfection and other post COVID-19 conditions

Proposed definitions for SARS-CoV-2 reinfection and other post COVID-19

conditions

Based on our findings in the previous section, definitions of SARS-CoV-2

reinfection and other post COVID-19 conditions were developed and presented in

Error! Reference source not found.. These definitions were created to aid in the d

ifferentiation of reinfection from other post COVID-19 conditions that are frequently

perplexed with. When generating definitions, categories in variables with the highest

percentages were considered to distinguish each condition.

Table 5. Proposed Definitions for SARS-CoV-2 Reinfection and Other Post COVID-19

Conditions
Conditions Definition
Reinfection Retesting positive for SARS-CoV-2 via RT-PCR test which presented
mainly asymptomatic to mild symptoms with clear seroconversion with
time frame not less than 3-months after the onset of the primary
infection and mostly in patients in the middle age
Repositive Retesting positive for SARS-CoV-2 RT-PCR test which presented

Reactivation

Recurrence

Persistence

Relapse

mainly asymptomatic to mild symptoms with no seroconversion with
time frame less than 3-months after the onset of the first positive and
mostly in patients in the middle age

Retesting positive for SARS-CoV-2 via RT-PCR test which presented
mainly asymptomatic to mild symptoms with no seroconversion with
time frame less than 6-months after the onset of the primary episode

Retesting positive for SARS-CoV-2 via RT-PCR test which presented
mainly mild or severe symptoms with no seroconversion with time
frame less than 6-months after the onset of the primary episode and
mostly in patients in the middle age and those with comorbidities

Retesting positive for SARS-CoV-2 via RT-PCR test which presented
mainly asymptomatic with no seroconversion with time frame less than
6-months after the onset of the primary episode and mostly in elderly
age and those with comorbidities

Retesting positive for SARS-CoV-2 via RT-PCR test which presented
mainly mild or severe symptoms with no seroconversion with time
frame less than 3-months after the onset of the primary episode and
mostly in patients in the middle age
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Summary of post COVID-19 conditions based on time interval

Figure 4 depicts post COVID-19 conditions stratified by the time interval
between two positive tests. As displayed, the majority of cases with post COVID-19
conditions occurred within 3-months accounting for 71% of all included cases among
all conditions. Only a few cases (9%) with reinfection, persistence, reactivation, and
recurrence had a second positive result after 3-months, lasting up to 6-months from the
first positive result. On the other hand, only reinfected patients had a time interval
between 6 to 9 months. Number of cases with reinfection varied in time-interval until
the second infection, with the majority having been infected again after three (29.4%)
and six months (58%) (Table 4). In this review, adults comprised the majority of
patients across most post COVID-19 conditions with varying time intervals, while

elderly patients were overrepresented in cases with persistence (52%) (Figure 4).

In terms of symptoms, the bulk of conditions had asymptomatic to mild
symptoms in the first interval during the second positive test, except relapse which had
cases with mild (67%) or severe (33%) symptoms. In the second time interval, one case
in each persistence and reactivation had moderate and severe symptoms, respectively.
Additionally, patients with recurrence in the second time interval mostly had mild

(37.5%) or severe (37.5%) symptoms.

As per number of negative tests between the two positive results, in the first
time-interval, most patients with reinfection (51.2%) and persistence (97.4%) had one
negative test, while patients with repositive (55%), recurrence (94%) and relapse
(100%) had mainly two negative tests. Most patients with reactivation (40%) had at
least one negative test. Reinfected cases in the second time interval also had one
negative test (56%), however, in the third time interval most reinfected cases had not

less than two negative tests (82%).

33



For reason of detection in the first time interval (<3 months), follow up was
predominating in all post COVID-19 conditions except patients with relapse who were
mainly tested for symptoms onset (67%). Patients with reinfection and with time
intervals more than 3-months highlighted that the main reason for testing was primarily

for follow up (60%).

While the majority of seroconversion among the three time-intervals were
present in reinfected cases, it was observed in only one case in the second interval.
Cases with other post COVID-19 conditions exhibited a low rate of seroconversion in
the first two time intervals, with one case with recurrence having seroconversion in the
second interval. Different strains of infection were primarily found in cases
with reinfection of all time intervals, with just a few of those who had reinfection with

a similar strain, and all of those with persistent virus experiencing similar strains.
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1 1 1
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Figure 4 Post COVID-19 conditions stratified based on time interval between two positive tests.

AR o o

Note: Each condition within each time frame was compared in columns.

For each variable, those with unreported, not mentioned, nonspecified, or not performed
variables were eliminated from the denominator.

Persistence and reactivation in the second time interval, included only one case each.

Whole genome sequencing
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Seventy-nine cases of who had reinfection and persistence were identified with
WGS, as seven cases had similar strains/clades in both infections, while 38 cases were
with different strains. WGS was mostly performed in EUR, with 52 cases, while 14
were from AMR, accounting for the majority of cases with WGS performed. Among
the seven cases with similar strains, 57% had mild symptoms in the first infection, while
43% had mild and 43% had moderate symptoms in reinfection. Of the two persistent
cases with similar strains, one had a virus persisting for less than two months (Ct=35),
while the other lasted for more than 4 months. For reinfected cases with similar strains,
the time intervals until reinfection were 1.5 month (Ct=19.2, symptoms= mild), 2
months (Ct=36, symptoms= mild ), 2.5 months (Ct=35.3, symptoms= moderate), 3
month (Ct=17.8, symptoms= mild), and one case reaching up to 7 months (Ct=not
reported, symptoms= moderate). For those with different strains, mild symptoms were
predominating in the first and second infections with rates of 76% and 56%
respectively. Very few experienced severe symptoms after the second infection in those
with different or similar strains. The time interval for reinfected cases with different

strains ranged between one to nine months.

Seven of the reinfected cases encountered a variant of concern in the second
infection; six of them were with the Alpha (B.1.1.7) lineage and one with the Beta
(B.1.1351) lineage. Although several cases had similar symptom status during both
infections, only one of the cases who was reinfected with a variant of concern reported
similar symptoms. Four cases reinfected with the alpha lineage experienced mild
symptoms, one was asymptomatic, and one had moderate symptoms. While in one case,
a person who had a beta lineage suffered critical symptoms. The six cases with Alpha
lineage were reinfected after one month (Ct=24, 27), 3-months (Ct=31), 8 months

(Ct=28), 9 months (Ct=not reported) while the case with beta lineage was reinfected
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after 4 months from the first infection (Ct=not reported).

Criteria for assessing SARS-CoV-2 reinfection
Figure 5 demonstrates the proposed assessment criteria for SARS-CoV-

2 reinfection, which were developed from findings of this scoping review and are based

on the clinical, epidemiological, and diagnostic factors listed below.

Clinical aspects

Patients experiencing reinfection might develop different, similar, or no
symptoms at all in comparison with the initial infection. Due to this reason, symptoms
were not part of the criteria. An initial way to confirm recovery is that clinical symptoms
will disappear (if present), and a negative laboratory RT-PCR test must be obtained to
ensure clearance of the virus from the body. Although the presence or absence of
symptoms during the initial episode is not necessarily related to the likelihood of
reinfection, the conclusions of included studies indicate that a long duration of COVID-
19 symptoms and prolonged RT-PCR positivity should not be considered within the
context of reinfection as it could be a sign of another condition. Therefore, one month
for getting a first negative test was considered in the proposed criteria since the
prolonged symptoms of the initial infection, or positivity of the RT-PCR test could last
up to a month. Also, for this reason, a minimum of three negative tests in at least three
months until a second positive result is proposed, since the majority of other post

COVID-19 conditions can last up to 3-months, and in some cases, even longer.
Epidemiological aspect
The developed criteria focused not only on clinical and diagnostic methods, but
also gave attention to epidemiological facets such as detection of reinfected cases

through an improved surveillance system and public health practices such as contact

tracing as methods of broadening and enhancing detection of all cases, whether
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symptomatic or asymptomatic. Optimizing follow-up and routine screenings will
ensure that reinfected cases are not underestimated, and not only symptomatic cases are
detected. This is the first step towards the efficient detection of a confirmed reinfected

case using a diversified surveillance system.

In this review, some studies followed the WHO criteria for discharging patients,
while others relied on other local discharge criteria to confirm recovery. Due to lack of
consistency among studies, as some restricted two negative tests (or more) whereas
others required only one, and based on our findings, we proposed at least three negative
tests as a unified discharging criteria for confirming viral clearance, preventing false-
negative results through multiple testing, and ensuring accuracy of detected reinfected
cases. To determine the presence of reinfection, the time between the two infections

should be at least 3-months, according to our findings.

Diagnostic aspect

It is well known that RT-PCR is the gold standard molecular diagnostic method
for COVID-19 and was used in all included studies as a primary detection method. This
diagnostic test, which can be used alone or in conjunction with other diagnostic tests,
will allow for a more accurate identification of reinfection. A positive antibody test
after seroconversion, as well as detecting a different strain in the second infection via
WGS, is confirmatory of a reinfected case. Antibodies to be tested could include IgG,
IgM, and IgA. Although viral culture has only been used in a few studies, based on the

findings, viral culture will ensure the presence of an active virus.
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Figure 5. Assessment criteria for SARS-CoV-2 reinfection.

Quiality assessment

All included studies were evaluated, and final quality judgments were assigned
to each study based on scores (Appendix C). Fourteen case reports and case series were
of good quality, while 60 were of fair quality. All studies had a clear objective, clearly
defined outcome measures, an adequate length of follow-up, and properly described
results as a result of the highly selective inclusion criteria illustrated. The participants

in the majority of studies were well defined and described.
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For the cohort studies, 17 were fair, and one good. The four cross-sectional
studies were all of fair quality. All studies had enough follow-up time for the outcome
to occur and did not show the outcome of reinfection at the start of the study. The
majority of participants were somewhat representative, had a comparison group drawn
from the same community, and provided detailed descriptions of the statistical methods
to be used.

Discussion

Reinfection has seldom been reported, and there is no consensus on its
definition. Many articles had questionable, non-confirmed outcomes regarding SARS-
CoV-2 reinfection, and as such, there is still a gap in understanding how to use the
studied terms (re-positivity, relapse, persistence, recurrence, and reactivation) and
distinguishing between them and SARS-CoV-2 reinfection. This comprehensive
scoping review of the literature was carried out to identify variables that were used to
define and characterize SARS-CoV-2 reinfection as well as to develop assessment
criteria that could be used to distinguish SARS-CoV-2 reinfection from other post

COVID-19 conditions that could be confused with.

It has been observed that post COVID-19 conditions may be not distinguished
from reinfection in some cases, causing considerable confusion in determining the
patient's diagnosis. For instance, many articles and reports published expressed
skepticism about the outcome of reported cases, whether they had reinfection or
recurrence [230-232], reinfection or reactivation [233-235], reinfection or repositive
[236], or reinfection or relapse [237]. Not only are other conditions and reinfection
confused, however, conditions are also confused with one another, as one study
questioned whether the case had relapse or recurrence [238]. It is also important to note

that in some cases, recurrence is used interchangeably with reinfection and relapse [228,
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229], while it is also reported independently.

Study findings

Most reinfected cases after at least 6 months from the first infection had an
asymptomatic to mild course during reinfection, as one explanation may be due to
antibody production in the first infection, leading to protection against aggressive
reinfections [239]. Other factors, such as younger age, the absence of comorbidities,
and receiving a low dose of the virus when reinfected, could be linked to the emergence
of mild cases [240, 241]. Furthermore, when comparing different post COVID-19
conditions for less than 3-months, reinfected cases did not show much of a difference
in clinical symptoms. On the other hand, those who were reinfected after 6-months from
the initial infection had asymptomatic to moderate symptoms. These disparities could

be due to a variety of factors that have yet to be investigated.

Since most reinfected cases occurred after 3-months, this raises concerns about
the immune system protection duration, which has implications for global efforts to
combat the virus through public health measures as well as immunization programs. A
recent unpublished meta-analysis backs up our findings, showing that antibody
protection from reinfection lasted at least 6 months [90]. However, for those with
factors that may shorten the period of protection, such as immunocompromised people
and patients with chronic diseases [242] , a three-month time interval was employed in
formulating the assessment criteria.

The majority of cases with persistent SARS-CoV-2 had comorbidities, which
was found to be significantly associated with the persistent virus in some studies [243-
245]. Recurrence demonstrated a roughly equivalent rate of comorbidity to those with
persistent SARS-CoV-2. It was similar to persistence and reactivation in terms of time

interval, while it was similar to reinfection and reactivation in terms of symptomatic
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status. This could support the claim that COVID-19 recurrence is prompted by SARS-
CoV-2 reinfection, SARS-CoV-2 persistence, or SARS-CoV-2 reactivation [121-123].
Relapse is sometimes referred to as reactivation and vice versa [246-248]. However,
even though this review observed similarity in terms of time interval until testing
positive again, we cannot draw conclusions as only three relapsed cases were included.
Among all studied post COVID-19 conditions (except relapse), the main reported
reason for testing for the second time was for follow up of patients infected with
COVID-19. This demonstrates that in some areas, surveillance measures have been

intensively applied to avert any future epidemics.

In terms of immunology, while 1gG and IgM were found in a variety of
individuals with various post-COVID-19 conditions, IgA was found in just three
reinfected cases. IgA is known to be produced two to three weeks after the onset of
symptoms in COVID-19 infected cases and to wane by day 28 [249] as it is also
involved in the virus’s defense mechanism by reducing the infectivity and
transmissibility [249]. The primary focus in characterizing immunity has been on IgM
and IgG antibodies; however, IgA antibodies, which may contribute to disease
pathogenesis, have received far less attention [250], resulting in lower tests for

identification of this type.

Outcomes were addressed in this review as reported in included studies, while
there is a possibility that these outcomes were not properly identified. This conclusion
was based on findings that showed seroconversion being observed in cases of
recurrence, reactivation, and persistence in the same way as observed in reinfection.

Five identified cases who underwent WGS were reinfected with the same strain,
and as results presented, four of them were reinfected in less than 3-months. This may

raise the concern of the possibility of misinterpreting persistent cases as reinfected.
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Moreover, 17 cases were reinfected with a different strain in less than three months.
The lack of antibody development, waning of antibodies if developed, or occurrence of
antibody-dependent enhancement all contribute to the possibility of confirmed
reinfection in this short period of time [251-253].

Despite the fact that viral culture is difficult, time-consuming, and requires
specialized equipment, it is perhaps the most accurate indicator of having an infection
[254]. It was performed in only two studies that included reinfected cases. Because the
identified positive result by the PCR test could be due to the presence of dead virus
particles, viral culture can be employed to confirm live virus and ensure reinfection in

patients.

A key finding of this review is that multiple reinfections or relapses, as seen in
some studies, can occur, leading to a chain of infections and multiple positive tests [205,
255]. This fact raises the stakes for further research into the virus’ infection chains and

potential predictors.

It is noteworthy to mention that some post COVID-19 conditions appeared to
be similar in some characteristics to one another. This does not rule out the possibility
that these post COVID-19 conditions may be linked, however, conclusions cannot be
drawn based on findings of this review. More research on all post COVID-19 conditions
separately is needed, as the main focus of this study was to compare these post COVID-

19 conditions to reinfection.

Another important point to note is that the word 'mainly' was used in the
proposed definitions to describe and distinguish reinfection from other conditions, not
to exclude any observed cases that did not fit the definition. Reinfection, for example,
does not occur only in middle-aged persons; it may occur in younger or older people as

well; however, the vast majority of reinfected cases were middle-aged, thus it was
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included in the definition. The same is true for symptom status, as not all reinfected
cases exhibit symptoms, and not all of them have the same severity level, for a variety

of reasons.

Comparison with other reviews

The majority of studies on SARS-CoV-2 reinfection lack a comprehensive,
high-quality methodology needed for including all relevant articles in order to achieve
better findings. Even though there have been studies published that propose criteria for
defining or diagnosing SARS-CoV-2 reinfection, it is vital to notice the similarities and

differences between our findings and those of existing literature.

According to the CDC [256], people infected for a second time in less than 90
days after the first infection must show COVID-19 symptoms or come into contact with
a confirmed case to be deemed reinfected. Dissimilar to our findings, which revealed
that some instances were reinfected over this time span, were asymptomatic, had no
contact with any infected individuals, and had reinfection with a different strain. Yadav
et al. [248] defined confirmed reinfection as a second infection occurring more than 90
days after the first infection, with symptoms appearing in the second episode. Our
findings, however, revealed variation in symptomatic status and severity, with a
noticeable proportion of patients being asymptomatic. As per time interval, one study
considered a 102-day time interval between the two infections with a negative test in
between as an appropriate definition for reinfected cases [257], while other studies used
>90 days [248] and another stated that the longer the time interval, the more likely it is
to be reinfection [258].

In one study, six case reports were utilized to define criteria for SARS-CoV-2
reinfection [259], whereas another study reviewed at 13 cases [260]. This could be due

to a lack of published studies on the topic at the time the study was conducted, however,

43



it is well recognized that studies of this nature do not provide solid conclusions;
consequently, follow-up studies that investigate this topic in greater depth are to be
reviewed in order to obtain reliable estimates. Even though we included a high number
of case reports, a fair number of observational studies were also included, in addition

to the quality assessment performed, providing strength for our review.

Relapse and recurrence were regarded the same thing in one study [260], while
relapse, reactivation, and recurrence were considered the same thing in another study
[248] and were further characterized and defined as one thing. According to our
findings, there was a noticeable difference in clinical presentations between recurrence
and reactivation during the second positive result, as well as changes in seroconversion,
implying that recurrence is different that the abovementioned post COVID-19
conditions, but in some instances be triggered by either condition, including reinfection

[121-123].

The aforementioned studies differed from our results; nevertheless, it is worth
noting that these same studies shared similarities, such as using a time interval of at
least 90 days until reinfection and advised whole genome sequencing for reinfection
confirmation [248, 256], which is consistent with our findings. Some studies looked
into various post COVID-19 conditions in addition to reinfection [248], however, none
covered all conceivable post COVID-19 conditions following recovery that could be

mistaken or misinterpreted as reinfection.

Strength and limitation of the study

It is imperative to note the strengths and limitations of the present review. In
terms of strength, according to our knowledge, this is the first review to assess criteria
for defining SARS-CoV-2 reinfection in comparison with all other post COVID-19

conditions identified from the literature, in addition to the comprehensive search and

44



detailed description of important variables in relation to reinfection. We have
transparently reported the methodology used throughout to enable future updates in this
area of active publication. Moreover, a fair number of observational studies was
included in this review which provides better evidence, in addition to the assessment of

quality of all included studies using validated tools.

Several limitations are addressed. First, the articles were clustered in certain

WHO regions, with clear gaps in research activities or publications in other areas.

Second, while extensive efforts were incorporated to find a large amount of
relevant information to be dissected, it should be acknowledged that the majority of
reviewed studies are at the bottom of the hierarchy of evidence (case reports/series)
and, thus, have intrinsic limitations for inferences. Therefore, future updates may need
to take into account data from study designs rather than case reports/series for

demonstrating associations with reinfection.

Third, the number of studies for specific post COVID-19 conditions was
relatively low, as only three case reports reported relapse, implying that only three cases

were evaluated, rendering it incomparable to other post COVID-19 conditions.

Fourth, many studies had a high risk of false negative tests due to the use of one
RT-PCR test to confirm virus clearance from the body after the initial COVID-19

episode, suggesting the possibility of persistence infection rather than true reinfection.

Fifth, an insufficient number of studies performed viral culture and WGS
(which provide more robust evidence for confirming the diagnosis of SARS-CoV-2
reinfection), therefore making it difficult to compare among each condition, and
therefore were not considered when defining each. Furthermore, only a small

percentage of studies documented the Ct value, despite the fact that it is suggested to
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do so because it provides additional insight into clinical interpretation [111].
Furthermore, the varying cutoffs specified for the Ct value may impact the evaluation
of reinfection when compared to other conditions, therefore were not added to the

definitions.

Sixth, the five reinfected cases with a negative viral culture with Ct value more
than 30, could indicate that the PCR test discovered dead fragments, implying that the
persistent cases might have been misconstrued as reinfection. This could possibly imply

that some cases might be misinterpreted as reinfection or vice versa.

Seventh, vaccination is regarded as an essential measure in breaking the
transmission chain of SARS-CoV-2 infections, however, it was not reported in the
overwhelming majority of studies, as this might be owing to the fact that most national

vaccination programs were later implemented.

Eighth, there was a clear lack of reporting of several variables, such as reason

for testing, symptomatic status or description of symptoms, and serology data.

Lastly, the number of negative tests may be related to several factors including
the patient's occupation (e.g. healthcare workers), patient's condition, as some patients
are undergoing therapeutic treatments that may necessitate ongoing routine COVID-19
screening, or usage of a local discharge criteria, which stipulate a minimum number of
negative tests required for discharge. This should be accounted for as it provides
more confirmatory data for recovery from the initial infection to some groups compared
to others. Furthermore, several countries have specific discharge criteria for COVID-

19, making three negative tests difficult to implement.

Implications of the study

The findings of this review identified from the literature offer opportunities in
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several directions. From the standpoint of future research planning, these findings may
allow researchers to further investigate the studied post COVID-19 conditions in further
detail. It is of importance to mention the implications of the findings in different
contexts. These criteria will help guide healthcare providers in developing a
standardized assessment criteria for reinfected patients and in developing early
interventions and precision protection programs for the elimination of continuous
outbreaks of COVID-19. This study will also help in development of guidelines and
implementation of strategies for global public health measures, thereby assisting in
impeding the spread of the virus. The findings of this study will aid in the development
of guidelines for policies that will assist in combating the disease and minimizing the
likelihood of reinfection by implementing appropriate preventative measures, having
standardized case definitions to assist in more accurate case investigation, helping in
the building of new surveillance systems with the consideration of reinfected patients,
and aiding in the development of national immunization programs by accounting for
time until reinfection.
Conclusion and recommendations

In conclusion, the issue of SARS-CoV-2 infectivity and re-infectivity continues
to be a topic of research. Based on our review of the currently available studies, the role
of protection against reinfection remains ambiguous, and subsequent exposure to
SARS-CoV-2 and its variants leaves patients vulnerable to a chain of infections. The
proposed criteria would aid healthcare professionals in making decisions about public
health measures that are to be implemented in countries to reduce the likelihood of
reinfection, drive vaccine development and national campaigns, and enhance

development of surveillance systems in countries.

An examination of post COVID-19 conditions other than reinfection and the
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formulation of assessment criteria for each is important to assist clinicians in making
the best diagnosis possible based on high-quality data. When diagnosing patients, it is
vital to be cautious, as this can have a lot of clinical and research ramifications. Because
there has been such a wide range of reinfected patients, it is crucial to look into the
variables that may be driving these disparities, as well as the characteristics of
reinfected cases using a uniform case definition. It is also essential to check for
reinfection after vaccination, as vaccination rates have risen, and reinfection is
projected to decrease. Clinical and laboratory criteria must be utilized to prioritize
suspected reinfected cases for additional evaluation due to the restricted availability of

regular sequencing capacity [261].
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CHAPTER 4: CHARACTERISTICS OF CASES WITH SARS-COV-2
REINFECTION IN QATAR: A CROSS-SECTIONAL STUDY

Background

As COVID-19 pandemic continues to evolve, the likelihood of reinfection
among individuals who have recovered is being noticed. There have been several
reports of probable reinfections in various parts of the world [58, 97, 262-264].
Although epidemiological and clinical research on SARS-CoV-2 reinfection is
increasing, there is still insufficient evidence to draw conclusions about SARS-CoV-2
reinfection. As a result, it is critical to investigate this occurrence and its implications
for public health.

Different rates of reinfection were documented based on non-standardized case
definitions used, in particular, considering the time period between the two infections.
Some researchers utilize time periods longer than or equal to 45 days [265], while others
use 90 days or more [266]. Different definitions produce different results. For example,
a large study conducted in the United States reported an 11.3% reinfection rate for those
reinfected within 30 days, 2.7% for those reinfected 31 to 60 days, 1.1% for those
reinfected 61 to 90 days, and 0.3% for those reinfected more than 90 days [87]. This
shows a steady decline in rates as the criteria become more stringent, thus it is crucial
to compare studies carefully.

Laith Abu-Raddad and colleagues conducted research on SARS-CoV-2
reinfection in Qatar, and they looked into several aspects of the phenomena. For those
who had two positive tests after at least 45 days apart, the risk and incidence rates were
calculated and found to be 0.04% and 1.09 per 10,000 person-weeks, respectively [265].
The risk ranged between 0.01% and 0.02%, and the incidence rate ranged between 0.38
and 1.06 per 10,000 person-weeks when they included only individuals with a time

period of 60 days or longer (sensitivity analysis) [265]. Another study done by the same
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author found that patients who were infected once had a 95% probability of not
becoming infected again, with protection lasting up to 7 months [267]. This implies that
there are disparities in incidence rate and risk of reinfection with COVID-19 with
different time interval considered, implying that multiple factors may be involved,
emphasizing the significance of further research into such aspects. Among individuals
with varying time intervals until reinfection, it requires a better understanding of
various characteristics of these patients in order to develop appropriate intervention
tactics, provide direction to clinical practice, and increase pandemic-fighting efforts.
During the pandemic, growing rates of asymptomatic and mild COVID-19
infection were observed in situations where individuals use masks. Prior to the
widespread use of facial masking, a systematic review of previous studies estimated
that 15% of SARS-CoV-2 infections were asymptomatic [268]. A more recent review
of 28 studies found an increase in the rate, accounting for 25% asymptomatic of all
COVID-19 cases [269]. Recent epidemiologic and virologic evidence has raised the
hypothesis that preventive practices may reduce the severity of symptoms of infected
people [270]. This prospect is in line with a long-held viral pathogenesis theory that
states that the disease severity is proportional to the viral inoculum (the dose of viral
particles which triggered infection) received. High doses of viral inoculum can
overwhelm and dysregulate innate immune systems in viral infections where host
immunity play a vital role in viral pathogenesis, such as SARS-CoV-2, increasing
disease severity [271]. The bulk of the research on COVID-19 has focused on the
effectiveness of such measures in preventing the spread of viral particles from
asymptomatic individuals to others [272, 273], however, less attention has focused on

how these practices result in milder disease [270].
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Researchers have explored this concept in animal models. For instance, in a
Syrian hamster model with SARS-CoV-2 infection, higher virus doses resulted in more
severe manifestations, demonstrating the concept of viral inoculum influencing disease
manifestations [274]. Additionally, this concept was well studied among humans for
several viral pathogens, including influenza virus [275-278], as well as SARS-CoV-2
[240, 279]. According to one report, while all staff in a pediatric dialysis unit in the
USA were wearing masks and were exposed to an infected patient, none of the
employees who became infected displayed symptoms [280]. Moreover, in outbreaks
occurring in US food-processing plants, the asymptomatic rate was 95% among
infected patients and always wore masks because since these measures were mandatory
[281]. Although asymptomatic infection can be an issue in terms of spreading, case
fatality rates have stayed low in nations where masks are required by law, despite the

resurgence of cases when lockdowns were lifted [271].

According to the aforementioned findings in the scoping review (Chapter 3
p.26), the symptomatic status of reinfected cases with SARS-CoV-2 were heterogenous
with the majority of cases were asymptomatic or having mild symptoms, indicating that
there could be possible factors associated with the emergence of symptoms when
reinfection occurs. As a result, it is essential to investigate the potential factors that
influence the symptoms state of reinfected cases, as this study will be doing, with a
particular focus on preventive and risk practices. Furthermore, as per the developed
criteria (Chapter 3 p.36), a minimum time gap of 90 days is regarded for reinfected
instances otherwise, having less time duration until reinfection (<90 days) could
indicate another condition rather than reinfection (e.g. persistence, relapse...etc). For
this reason, it is important to explore the characteristics of individuals reinfected after

at least 90 days or more (based upon our criteria p.36), as well as study factors related
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to the time interval between infections. No studies up to date investigated preventive
and risk practices as well as clinical factors associated with symptomatic status of
reinfection and how these factors also predict the time interval between the two
infections in Qatar.

Aim and objectives

The overarching aim of this study is to describe the sociodemographic, clinical
factors, and practices of reinfected cases.
The main objectives are illustrated as the following:
e Objective 1: To quantify the reinfection rate in Qatar between March and June 2021
e Objective 2: To describe the characteristics of reinfected cases by symptomatic status
and ordered time interval between the first and second infections

¢ To describe the prevalence of symptomatic SARS-CoV-2 reinfected cases

e To describe the distribution of the time interval between the first and second

infections
e Objective 3: To assess the association between preventive and risk practices, and
clinical factors with symptomatic status of reinfection and ordered time interval until
reinfection

Methods

Study design

This descriptive study utilizes a cross-sectional design using retrospectively
collected secondary data from the Ministry of Public Health (MoPH) for case
investigation and research purposes. The Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) was used to guide the reporting of this study
(Appendix D).

Participants and setting

This study included all reinfected cases from March 2021 (start of investigation
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of reinfected cases) to June 2021, as the study was conducted in early July 2021 in
Qatar. There was no restriction on age or gender for the inclusion of participants as all
were eligible if they had a second positive test after at least 90 days or more from the
initial test. The total number of infected cases with COVID-19 only once were included
to calculate the reinfection rate however were eliminated from further analysis. Figure

6 presents the flowchart of sample derivation.

56,735 patients with one positive
RT-PCR test between March and
June 2021

56,283 Excluded:

»| * Patients with one

positive test
e Patients with two
positive tests with less

than 90 days apart

A 4

411 patients with 2 positive tests
with at least 90 days’ apart

Figure 6. Flow chart of sample derivation.

Data source, data collection, and data management
Data was obtained from the Ministry of Public Health (MoPH), Qatar. The

‘Surveillance and Vaccination Electronic System’ (SaVES) is a national surveillance
system in MoPH, Qatar that receives notifications from all healthcare facilities

throughout the country, whether governmental (primarily from Hamad Medical
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Corporation (HMC) and Primary Health Care Corporation (PHCC)), semi-
governmental, or private. The investigation of cases with a second infection of COVID-
19 started on March 2021. Data on sociodemographics and clinical factors were
retrospectively collected and further investigation was performed for preventive and
risk practices after the first infection upon request for the aim of conducting this study.
These preventive practices were wearing masks, hand hygiene, and social distancing,
while the risk practices investigated included physical contact with other and attending
social gatherings. The investigation of preventive and risk practices was conducted by
phone calls, with each patient being asked if they had continued to implement these
practices after the first infection. Based on the answer of the patient, the trained case
investigator added the answer to one of the following categories as appropriate: never,
sometimes, or always. These examined variables were determined by the MoPH to be
the most widespread practices in the country and based on vital as individual public
health measures reported in the literature found effective in protection during the
COVID-19 pandemic. The anonymous data was appropriately cleaned and prepared for
data analysis. To evaluate the validity of each variable, the range of values was

examined, and missing values were checked.

Measures
Table 6 presented the summary of measures.

Outcome variables

e Existence of Symptomatic status during the second infection, measured
exclusively as the presence of any COVID-19 symptoms (Yes, No).

e Time interval between the first and second infections in days, calculated as the
time between the date of the first positive test and the date of the second positive

test. For analysis, the duration was further categorized through quantile cutoffs.
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For reinfected cases in at least 90 days, it was classified into ("<275=less time",

"276-309=medium time", "310-333=long time", and ">334=longest time").

Since the case investigation of those with a second infection was based upon

time interval from Abu-Raddad’s et al. study [265], other factors such as the

number of and duration until negative tests—as confirmed recovery—were not
considered in the criteria when investigating reinfected cases.

Main independent variables: preventive and risk practices after the first
infection

Preventive practices after the first infection performed on an individual level
were wearing masks, observing hand hygiene, and maintaining social distancing, as
were measured using the following responses: ("Never", "Sometimes"”, and "Always").

Risk practices after the first infection were defined as social gathering and
physical contact, which were also measured by the latter categorization.

For analysis, two new variables were created, namely, preventative practices
and risk practices, which were operationalized from the parameters indicated above.
Each individual variable was given a score: never=0, sometimes=1, and always=2, and
were summed up. The maximum score was six for combined preventive practices which
indicated always performing all practices (wearing masks, observing hand hygiene, and
maintaining social distancing), while other less scores indicated sometimes performing
some of these practices. A score of zero was not present for combined preventive
practices. Therefore, were grouped into categories ("Sometimes" and "Always"). For
the combined risk practices, the minimum score number was zero indicating never
performing any of these practices (physical contact and attending social gatherings),
while other higher scores implied sometimes or always engaging in some or all of these

risk practices. They were further grouped as ("Never" and "Sometimes or always").
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Other variables

Sociodemographic variables

Age was classified as ("<20", "21-40", "41-60", and ">61") for description, and
was further categorized as ("<35" and ”>35") for data analysis since findings of a study
examining factors affecting symptomatic status found a significant association between
older age “>35" and symptomatic status of COVID-19 [282]. Gender was reported as
"male™ and "female". Nationality was categorized as ("Arabs", "Asians", "Other") and
was further narrowed as ("Arabs™ and "Non-Arabs™) for analysis purposes. Based on
the MoPH classification, occupations were classified as ("Blue collar workers,” "White
collar workers,” "Healthcare workers,” "Administrative”, "Army and police",
"Unemployed, retired, housewives"”, and "Students and children™). For this study,
"Admin" and "Army and police" were combined and classified as "Other Workers",
while "Unemployed, retired, housewives™ and "Students and children™ were considered
as "Not working".

Clinical variables

Symptomatic status for the first infection was reported as either "Yes" or "No".
Hospitalized patients, which may indicate the severity of a case, were reported as
("Yes" or "No™). Vaccination status before reinfection was generated from the dates of
the first/second dose (if taken after the first infection) and date of reinfection and was
categorized as ("Yes, fully vaccinated," "Yes, one dose," and "Not vaccinated"). For
those who took any dose of the vaccine were put in one group, which is ("At least one
dose™) for analysis. Duration from vaccination until reinfection was calculated in days
based on dates from first/second dose to reinfection. The duration from the first positive

to the first negative was also calculated for descriptive purposes.
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Table 6. Summary of Outcome and Independent Variables

Variable

Measures

Outcome variables:
Symptom’s status of reinfection
Time interval between the first and second
infections

Independent variables:
Age

Gender
Ethnicity
Occupation

Symptomatic status of first infection
Hospitalization status of first infection
Vaccination status before reinfection

Combined preventive practices”
Combined risk practices™

Categorized (Yes/No)

In days

Categorized (less time, medium time, long
time, longest time)

In years

Categorized (<35, >35)

Categorized (Male, Female)

Categorized (Arab, Non-Arab)
Categorized (Blue collar workers, White
collar workers, Healthcare workers, Other
workers, Not working)

Categorized (Yes, No)

Categorized (Yes, No)

Categorized (Yes at least one dose, Not
vaccinated)

Categorized (Sometimes, Always)
Categorized (Always or sometimes, Never)

Note: * Performing all preventive practices including wearing mask, keeping social
distance, and hand hygiene after the first infection
“ Performing all risk practices including physical contact and attending social gathering

Definitions

Reinfection with time interval of at least 90 days was defined in accordance

with findings of the scoping review (Chapter 3 p.36). Variables included in this study

are all defined in Table 7.

Table 7. Definitions of Variables

Variable

Definition

Reinfection

Wearing Mask after first Infection
Keeping social distance after first
Infection

Hand hygiene after first infection

Combined preventive practices after the
first infection

Physical contact after first Infection

Those who tested positive for PCR 90 days
or more after an initial positive test as per
findings of scoping review (Chapter 3 p. 36)
Wearing any type of mask

Keeping a gap of one meter between people

Hand washing with soap or rubbing with a
hand sanitizer

Performing all preventive practices (wearing
masks, keeping social distancing, and hand
hygiene)

Any direct physical contact (handshaking,
hugging...etc)
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Social gathering after first Infection Attending occasions and family visits

Combined preventive practices after the  Engaging in all risk practices (physical
first infection contact and attending social gatherings)

Symptomatic status Cases with exclusively any COVID-19
symptoms were considered to be
symptomatic

Asymptomatic status With no COVID-19 symptoms

Hospitalization status Admitted to either the acute care unit or the
intensive care unit (ICU)

Statistical analysis

Descriptive statistics were used to summarize characteristics of reinfected
patients through frequencies and percentages if variables were categorized, while mean
and standard deviation or median and interquartile range were used if variables were
continuous depending on the distribution of the variable.

Univariate and multivariable logistic regression were used to study association
between variables of symptomatic status of reinfection and time interval between the
first and second infections. Using logistic regression and ordinal logistic regression for
the latter outcomes, respectively, three sets of models were generated for each outcome
to study how the effect estimates altered with different variables included in the model.
Model 1 included preventive and risk practices variables with confounders adjustment;
Model 2 included clinical variables such as symptomatic status of first infection,
hospitalization status of first infection, and vaccination status before reinfection with
confounders adjustment; and Model 3 included all clinical and practice variables with
confounders adjustment. Furthermore, comparison between nested models was
conducted using likelihood ratio tests (with p-value <0.05 considered significant) to
discover the most parsimonious model and to assess whether the additional explanatory
variables improved the model fit. Complete case analysis was performed as missing
data in each variable, as well as fitting the models, did not exceed 3%.

Confounders selected for adjustment in the models were considered using a
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Directed Acyclic Graph (DAG) that was created using a browser-based software
DAGitty [283]. DAGs are a graphical tool for visually representing and better
understanding causal relationships, identifying confounding factors, and reducing the
potential bias in the estimate [284, 285]. Factors considered in the DAG included age,
sex, nationality, occupation, symptoms of the first infection, symptoms of the second
infection, hospitalization status of the first infection, hospitalization status of the second
infection, combined preventive practices and combined risk practices, time interval
between the first and second infections, and vaccination before reinfection. Two DAGS
were constructed for each outcome (Appendix E), and confounders identified by the
DAG were integrated into the multivariable models. For the time interval outcome,
identified confounders were, age, sex, and nationality. The same confounders were
identified for the symptomatic status of reinfection outcome in addition to occupation.

After running the regression analyses, multi-collinearity among the independent
variables was examined for by using the variance inflation factors (VIF). None of the
variables reached a value of 5, indicating the potential for multi-collinearity between
the independent variables [286]; therefore, it was not necessary to remove any of the
variables from the analysis. The proportional odds assumption was further tested for
the ordinal logistic regression using the brant test and the generalized ordinal model
using STATA [287], with no violations observed in the final model.

STATA version 17.0 [288] was used for analysis and two-sided p-value <0.05
was considered statistically significant. Brant and gologit2 commands were used for
testing the proportional odds assumption in STATA [287]. The results of regression
analyses were presented as prevalence odds ratios (POR), odds ratios (OR), 95%
confidence intervals (95% CI), and p-values. The POR was employed using an

unconditional logistic regression since we had prevalent cases with symptomatic status
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of reinfection.

Ethical approval
An exemption was obtained from the MoPH-IRB and QU-IRB with references

of ERC-826-3-2020 and QU-IRB 1601-E/21 respectively since this study did not
involve human subjects. The study was conducted on de-identified data which was
saved in a password-protected laptops.

Results

Reinfection rate in Qatar
Out of 56,735 who had a confirmed PCR positive test between March and June

2021, a total number of 411 participants equal to a rate of 0.73% (95% Cl= 0.66%,
0.80%) were reinfected cases with time interval >90 days.

Characteristics of reinfected cases
Among the 411 reinfected cases after at least 90 days, the mean age was 33.88

(SD: 10.73) years, among them, the highest age group falling between ages of 21 and
40 years (Appendix G: Table A 7). The overwhelming majority of included
participants were males accounting for 84%. Most were of Asian origin, followed by
an Arab origin, accounting for 76% and 22%, respectively. The greater part of
reinfected cases were blue collar workers (57%), followed by 16% of white-collar
workers. Few proportion of patients with reinfection were healthcare workers (5%)
(Appendix G: Table A 7).

More than half had symptoms during the first infection, while less than half had
symptoms during the second. However, 54% had similar clinical presentation in both
infections and 31% worsened from asymptomatic in the first infection to symptomatic
disease during reinfection. Furthermore, only 14% of those who were hospitalized in
the first infection were hospitalized in the second, and 7.5% of those who were

symptomatic during reinfection were hospitalized, indicating severity of reinfection.
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Few people were vaccinated before being reinfected, with only 3.6% receiving the first
dose and 3.6% being fully vaccinated.

After the first infection, the majority of people continued to practice individual
prevention measures, with 91% wearing masks, 83% maintaining social distance, and
86% keeping their hands clean. Risk practices were also neglected after the first
infection, with 73% never having physical contact and 71% never attending social
gatherings. Despite this, it is important to note that some of the participants failed to
follow preventive practices and engaged in risk practices. The most common reasons
for testing in the first infection was contact with a case and clinical suspicion, while the
most common reasons for testing in the second infection were clinical suspicion and
routine surveillance. Seventy two percent of those with time interval <90 days had no
negative tests in between, followed by 12% with one negative test, 8% with two, and
8% with three or more.

Only 2 cases in this study met the criteria developed in the scoping review to be
considered as reinfection which comprises of having at least 3 negative tests between
the first and second infections with one month until the first negative tests and time

interval not less than 90 days from the first infection until reinfection.

Symptomatic status of reinfection

Characteristics of reinfected cases by symptomatic status

The prevalence of symptomatic patients was equal to 39% (Cl 95%:
34.6%,44.1%) in those reinfected in at least 90 days (Table 8). While the age distribution
of symptomatic and asymptomatic cases was nearly identical, the number of males
(90%), Asian nationality (83%), always wearing masks (94%), always maintaining
social distance (89%), always maintaining hand hygiene (90%), never being in physical

contact (82%), and never attending social gatherings (77%) were all higher among those
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with asymptomatic disease during reinfection. Additionally, those who consistently

practice all of the above-mentioned preventive measures (85%), as well as those who

never engage in any of the above-mentioned risk practices (70%), are also found to

be asymptomatic. Moreover, those who had symptoms during reinfection had slightly

shorter median days until reinfection (306, IQR= 275-330) compared to the median

days of asymptomatic reinfected cases (311, IQR= 275-336). Table 8 summarizes

characteristics of reinfection case after at least 90 days by symptomatic status of

reinfection.

Table 8. Characteristics of Reinfected Cases After at Least 90 Days by Symptomatic Status of

Reinfection

Age in years”
Age categorized
<20
21-40
41-60
>60
Gender
Female
Male
Nationality
Other
Arab
Asian
Occupation
Blue Collar Workers
White Collar Workers
Healthcare Workers
Admin
Army and police
Students and children
Unemployed, Retired and Housewives
Symptomatic status of first Infection
No
Yes
Missing
Hospitalization status of first Infection
No

Symptomatic status of reinfection

Yes
N=161
34.73+11.29

9 (5.6%)
116 (72.0%)
32 (19.9%)

4 (2.5%)

40 (24.8%)
121 (75.2%)

6 (3.7%)
51 (31.7%)
104 (64.6%)

73 (45.3%)
36 (22.4%)
12 (7.5%)
12 (7.5%)
8 (5.0%)
9 (5.6%)
11 (6.8%)

52 (32.3%)
108 (67.1%)
1 (0.6%)

139 (86.3%)

No
N=249
33.36+10.35

17 (6.8%)
177 (71.1%)
54 (21.7%)

1 (0.4%)

24 (19.6%)
225 (90.4%)

5 (2.0%)
38 (15.3%)
206 (82.7%)

163 (65.5%)
30 (12.0%)
7 (2.8%)
11 (4.4%)
13 (5.2%)
11 (4.4%)
14 (5.6%)

113 (45.4%)
134 (53.8%)
2 (0.8%)

229 (92.0%)

62



Yes
Missing
Hospitalization status of reinfection
No
Yes
Missing
Vaccination status before reinfection
No
Yes, fully vaccinated

Yes, first dose

Days between vaccination and reinfection after

full dose™ (n=14)$

Days between vaccination and reinfection after

one dose™ (n=14)
Time interval between the first and second
infections in days™
Reason for testing first infection
Clinical suspicion
Contact of a case
Routine surveillance
Port of entry
Missing
Reason for testing reinfection
Clinical suspicion
Contact of a case
Routine surveillance
Port of entry
Wearing Mask after first infection
Never
Sometimes
Always
Missing
Keeping social distance after first infection
Never
Sometimes
Always
Missing
Hand hygiene after first infection
Never
Sometimes
Always
Missing
Physical contact after first infection
Never
Sometimes
Always
Missing
Social Gathering after first infection

Symptomatic status of reinfection

Yes
N=161
21 (13.0%)
1 (0.6%)

148 (91.9%)
12 (7.5%)
1 (0.6%)

146 (90.7%)
7 (4.3%)
8 (5.0%)

27 (13-55)
6.5 (3-15.5)

306 (275-330)

71 (44.1%)

61 (37.9%)

25 (15.5%)
3 (1.9%)
1 (0.6%)

82 (50.9%)
18 (11.2%)
37 (23.0%)
24 (14.9%)

2 (1.2%)
17 (10.6%)
141 (87.6%)

1 (0.6%)

8 (5.0%)
34 (21.1%)
118 (73.3%)

1 (0.6%)

3 (1.9%)
28 (17.4%)
129 (80.1%)
1 (0.6%)

96 (59.6%)

45 (28.0%)

18 (11.2%)
2 (1.2%)

No
N=249
16 ( 6.4%)
4 (1.6%)

243 (97.6%)
0 (0.0%)
6 (2.4%)

234 (94.0%)
8 (3.2%)
7 (2.8%)

17 (4-31)
6.5 (4.5-10.5)

311 (275-336)

53 (21.3%)
87 (34.9%)
77 (30.9%)
30 (12.0%)
2 (0.8%)

70 (28.1%)
17 (6.8%)

92 (36.9%)
70 (28.1%)

1 (0.4%)
12 (4.8%)
233 (93.6%)
3 (1.2%)

3 (1.2%)
21 (8.4%)
222 (89.2%)
3 (1.2%)

1 (0.4%)
22 (8.8%)
223 (89.6%)
3 (1.2%)

204 (81.9%)

30 (12.0%)
12 (4.8%)
3 (1.2%)
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Symptomatic status of reinfection

Yes No
N=161 N=249
Never 102 (63.4%) 191 (76.7%)
Sometimes 52 (32.3%) 49 (19.7%)
Always 6 (3.7%) 6 (2.4%)
Missing 1 (0.6%) 3 (1.2%)
Combined preventive practices
Sometimes* 57 (35.4%) 35 (14.1%)
Always*™ 103 (64.0%) 211 (84.7%)
Missing 1 (0.6%) 3 (1.2%)
Combined risk practices
Never* 73 (45.3%) 174 (69.9%)
Sometimes or always™*** 86 (53.4%) 72 (28.9%)
Missing 2 (1.2%) 3 (1.2%)

Note: Data are presented as n (%) for categorical measures.

*Presented as mean +SD ™ Presented as Median (IQR)

*Sometimes perform some of the preventive practices **Always perform all preventive practices
*Never engage in any risk practice ****Sometimes engage in some risk practices or always
engage in all risk practices

8 One case with missing data

Factors associated with symptomatic status of reinfection in reinfected cases

This analysis studies association between the combined preventive and risk
practices with symptomatic status of reinfection. It is also comprised of three models.
The goodness of fit tests revealed that Model 1 for preventive practices and risk practice
variables, and Model 3 for clinical variables showed a better fit of data as the p-value
of likelihood ratio test was equal to 0.181 and <0.001, respectively.

Table 9 shows the univariate and multivariable analysis with the combined

preventive measures. It is worth noting that in the univariate analysis, combined

preventive measures were found to be positively associated with symptomatic status of
reinfection; however, when adjusted for confounders in Models 1, this association
flipped. It is interpreted as the prevalence odds of developing symptoms in reinfection

was 59% (95% CIl= 0.24,0.72, P= 0.002) lower among those who always practice all
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combined preventive measures (wearing masks, social distancing, and hand hygiene)
compared to those who sometimes perform some of these practices.

Performing combined risk practices was also found to be strongly and
significantly associated with symptomatic status of reinfection before and after
accounting for confounders. For instance, those who sometimes or always performed
some or all of risk practices (physical contact and social gatherings) had significantly
higher prevalence odds of developing symptomats during reinfection compared to those
who were never engaged in such practices (aPOR=1.94, 95% Cl=1.21,3.12, P=0.006).

As per clinical factors, the symptomatic status of the first infection had
increased odds of developing symptoms during reinfection (aPOR= 1.65, 95% Cl=
1.03,2.63, P=0.035). An insignificant weak association between hospitalization status
of the first infection (aPOR= 1.04, 95% CIl=0.47,2.29, P=0.926) and vaccination status
(aPOR=1.06, 95% CI= 0.45,2.49, P= 0.895) with the outcome was also observed.

Age was not found to be associated with symptomatic status of reinfection. Male
gender is strongly and statistically significantly associated with symptomatic phase of
a disease making them less likely to develop symptoms during reinfection compared to
females. Arab nationality showed strong association with developing symptoms during
reinfection compared to non-arabs. All workers in different sectors seemed to have a
higher prevalence odd of symptomatic course compared to non-workers, showing
significance only in the white-collar workers group. It is important to mention that
healthcare workers had the highest the prevalence odds of symptomatic status of

reinfection when compared to cases not working.
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Table 9. Univariate and Multivariable Logistic Regression Analysis for Symptomatic Status of Reinfection with Combined Prevetive and Risk Practices for
Reinfected Cases After at Least 90 Days

Age
<35
>35
Gender
Female
Male
Nationality
Non-Arab
Arab
Occupation
Not working
Healthcare Workers
White Collar Workers
Other workers
Blue Collar Workers
Combined preventive practices
Sometimes
Always
Combined risk practices
Never
Sometimes or always
Symptom’s status of the first infection
No
Yes

Univariate analysis

Multivariable analysis

Model 1 Model 2 Model 3
POR [95% CI] p-value aPOR[95% CI] p-value aPOR[95% CI]  p-value aPOR [95% CI] p-value
Reference
1.01[0.67,1.51] 0.966 1.01 [0.65,1.57] 0.955 1.05[0.68,1.63] 0.825 0.99 [0.63,1.56] 0.975
Reference
0.32[0.18,0.56] <0.001 0.40[0.19,0.85] 0.017 0.46 [0.22,0.96] 0.039 0.42[0.20,0.89] 0.023
Reference
2.57 [1.59,4.16] <0.001 1.54[0.74,3.19] 0.247 2.23[1.10,4.55] 0.027 1.54[0.73,3.25] 0.258
Reference
2.14[0.71,6.45] 0.175 2.41[0.69,8.48] 0.169 2.79[0.82,9.48] 0.099 2.17 [0.61,7.69] 0.230
1.50[0.70,3.21] 0.297 3.85[1.40,10.54] 0.009 3.46 [1.30,9.22] 0.013 3.95[1.42,10.98] 0.009
1.04 [0.45,2.40] 0.924 1.88[0.68,5.15] 0.221 1.76 [0.65,4.78] 0.270 1.84[0.65,5.25] 0.253
0.56 [0.29,1.07] 0.080 1.7510.64,4.77] 0.274 1.68[0.63,4.45] 0.300 1.76 [0.64,4.86] 0.273
Reference
3.19[2.01,5.05] <0.001 0.41[0.24,0.72] 0.002 - 0.42[0.24,0.74] 0.003
Reference
1.97 [1.27,3.07] 0.002 1.94[1.21,3.12] 0.006 - 2.07 [1.27,3.36] 0.003
Reference
1.75[1.16,2.65] 0.008 - 1.55[0.99,2.41] 0.051 1.65[1.03,2.63] 0.035
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Hospitalization status of first infection
No
Yes
Vaccination before reinfection
No
At least one dose

Univariate analysis

Multivariable analysis

Model 1 Model 2 Model 3
POR [95% CI] p-value aPOR[95% CI] p-value aPOR[95% CI]  p-value aPOR [95% CI] p-value
Reference
2.16 [1.09,4.28] 0.027 1.47[0.69,3.13] 0.322 1.04[0.47,2.29] 0.926
Reference
1.60 [0.76,3.37] 0.215 0.97[0.42,2.23] 0.936 1.06 [0.45,2.49] 0.895
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Time interval between the first and second infections

Characteristics of reinfected cases by ordered time interval

Time interval between the first and second infections was categorized into four
ordered groups (less time, medium time, long time, and longest time) according to
quantiles.

Table 10 demonstrates characteristics of reinfected patients by ordered time
interval. The mean age of all the four groups of ordered time intervals was nearly
identical, while age categories with less time included more younger participants aged
less than or equal to 20 years. Males predominated in all groups accounting between
86% to 97%, with the exception of those with less time intervals, which had a higher
proportion of females (33%). Asians were having long time intervals compared to
Arabs and other nationalities. Blue collar workers had higher time intervals until
reinfection, while unemployed, housewives and retired, in addition to students and
children had had less time interval until reinfection.

Majority of cases with symptomatic status in the first infection had less time
interval until reinfection (67.3%) compared to those with no symptoms. However,
hospitalization status of the first infection was clustering among less (9.6%), medium
(9.7%), and long (9.8%) time interval, with a smaller number of them having longest
time interval until reinfection (6.9%).

Despite having similar time distribution among individual preventive practices,
those who always wore masks (94.1%), kept social distance (92.2%), or performed
hygiene their hands (92.2%) had longest time interval until reinfection compared to
those who sometimes or never perform these individual practices. Moreover, cases who
never engage in physical contact (81.4%) or attend social gatherings (75.5%) also had

longest time intervals until reinfection. What’s more, cases with longest time interval

68



had a high proportion of patients with at least one negative tests between the first and
second infections when compared to other groups. Cases with longest time interval also
had a higher proportion of people who always perform all combined preventive
practices (86.3%) compared to those who sometimes performed some of these practices
which had less time interval until reinfection. Similarly, those who never engage in any

risk practice had longest time interval (68.6%).
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Table 10. Characteristics of Reinfected Cases After at Least 90 days by Ordered Time Interval

Age in years”
Age categorized
<20
21-40
41-60
>60
Gender
Female
Male
Nationality
Other
Arab
Asian
Occupation
Blue Collar Workers
White Collar Workers
Healthcare Workers
Admin
Army and police
Students and children
Unemployed, Retired and Housewives
Symptomatic status of first Infection
No
Yes
Missing
Hospitalization status of first Infection
No
Yes

Less time
N=104
32.60+11.70

13 (12.5%)

77 (74.0%)

11 (10.6%)
3 (2.9%)

34 (32.7%)
70 (67.3%)

3 (2.9%)
36 (34.6%)
65 (62.5%)

41 (39.4%)
14 (13.5%)
13 (12.5%)
9 (8.7%)
8 (7.7%)
8 (7.7%)
11 (10.6%)

34 (32.7%)
70 (67.3%)
0 (0.0%)

92 (88.5%)
10 (9.6%)

Medium time

N=103
33.91+11.56

9 (8.7%)
64 (62.1%)
30 (29.1%)

0 (0.0%)

14 (13.6%)
89 (86.4%)

2 (1.9%)
24 (23.3%)
77 (74.8%)

63 (61.2%)
16 (15.5%)
2 (1.9%)
8 (7.8%)
3 (2.9%)
8 (7.8%)
3 (2.9%)

45 (43.7%)
58 (56.3%)
0 (0.0%)

93 (90.3%)
10 (9.7%)

Long time
N=102
35.79+9.82

1 (1.0%)
77 (75.5%)
22 (21.6%)

2 (2.0%)

3 (2.9%)
99 (97.1%)

3 (2.9%)
12 (11.8%)
87 (85.3%)

63 (61.8%)
23 (22.5%)
2 (2.0%)
4 (3.9%)
5 (4.9%)
1 (1.0%)
4 (3.9%)

39 (38.2%)
61 (59.8%)
2 (2.0%)

90 (88.2%)
10 (9.8%)

Longest time
N=102
33.23+9.50

3 (2.9%)
76 (74.5%)
23 (22.5%)

0 (0.0%)

13 (12.7%)
89 (87.3%)

3 (2.9%)
17 (16.7%)
82 (80.4%)

69 (67.6%)
13 (12.7%)
2 (2.0%)
2 (2.0%)
5 (4.9%)
3 (2.9%)
8 (7.8%)
47 (46.1%)
53 (52.0%)
2 (2.0%)

93 (91.2%)
7 (6.9%)

70



Less time Medium time Long time Longest time
N=104 N=103 N=102 N=102

Missing 2 (1.9%) 0 (0.0%) 2 (2.0%) 2 (2.0%)
Vaccination status before reinfection

No 93 (89.4%) 99 (96.1%) 93 (91.2%) 96 (94.1%)

Yes, fully vaccinated 7 (6.7%) 2 (1.9%) 5 (4.9%) 1 (1.0%)

Yes, first dose 4 (3.8%) 2 (1.9%) 4 (3.9%) 5 (4.9%)
Combined preventive practices

Sometimes* 30 (28.8%) 29 (28.2%) 21 (20.6%) 12 (11.8%)

Always** 73 (70.2%) 74 (71.8%) 79 (77.5%) 88 (86.3%)

Missing 1 (1.0%) 0 (0.0%) 2 (2.0%) 2 (2.0%)
Combined risk practices

Never*** 56 (53.8%) 57 (55.3%) 64 (62.7%) 70 (68.6%)

Sometimes or always**** 47 (45.2%) 46 (44.7%) 35 (34.3%) 30 (29.4%)

Missing 1 (1.0%) 0 (0.0%) 3 (2.9%) 2 (2.0%)

Note: Data are presented as n (%) for categorical measures.
" Presented as mean £SD ™ Presented as Median (IQR)

*Sometimes perform some of the preventive practices **Always perform all preventive practices ***Never engage in any risk practice ****Sometimes engage in some risk practices
or always engage in all risk practices
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Factors associated with ordered time interval between the first and second
infections

This analysis investigate association between combined preventive and risk
practices with ordered time interval until reinfection. Models 1 and Model 3 were better
fitting the data for practice variables and for clinical variables, respectively.

Table 11 illustrates the univariate and multivariable analysis for the combined
preventive and risk practices. The regression analyses discovered that the odds of those
with longest time interval versus combined other durations was 57% (95% Cl= 95%
Cl= 1.00,2.48, P= 0.051) higher among cases who always performed all combined
preventive practices compared to who sometimes practiced some of these preventive
measures. Risk practices did not show significant association with time interval after
accounting for confounding, but still presented an association with shorter time
durations until reinfection (aOR= 0.81, 95% CI= 0.55,1.20, P=0.291).

The odds of those with longest time interval vs. combined other durations was
27% (95% C1=0.51,1.06, P=0.104) lower in cases with symptoms in the first infection
compared to asymptomatic cases. For hospitalization status of the first infection, it had
higher odds of longest time durations by 40% (95% Cl= 0.73,2.68, P= 0.313) when
compared to non-hospitalized patients in the first infection. Vaccination status had a
weak association with time interval until reinfection (aOR= 0.92, 95% CIl= 0.44,1.90,
P=10.822).

Age did not seem to have a valuable association with time interval. Male gender
showed strong positive and significant association with higher odds with longest time
interval versus the combined shorter intervals. It is noteworthy that Arabs were also

found to have lower odds of longest time interval compared to non-arabs.
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Table 11. Univariate and Multivariable Ordinal Logistic Regression Analysis for Time Interval Between the First and Second Infections with Combined
Prevetive and Risk Practices for Reinfected Cases After at Least 90 Days

Univariate analysis

Multivariable analysis

Model 1 Model 2 Model 3
OR [95% CI] p-value aOR [95% CI]  p-value  aOR[95% CI] p-value  aOR [95% CI] p-value

Age

<35 Reference

>35 1.06 [0.75,1.51] 0.723 1.05[0.73,1.50] 0.784 0.98 [0.68,1.42] 0.940 1.01[0.70,1.47] 0.934
Gender

Female Reference

Male 3.59[2.12,6.09] <0.001 2.92[1.635.23] <0.001 2.90[1.62,5.19] <0.001 3.00[1.66,5.40] <0.001
Nationality

Non-Arab Reference

Arab 0.44[0.28,0.68] <0.001 0.75[0.46,1.25] 0.274 0.65 [0.39,1.07] 0.091 0.78 [0.46,1.31] 0.347
Combined preventive practices

Sometimes Reference

Always 1.92[1.27,2.91] 0.002 1.57[1.00,2.48] 0.051 - 1.5310.97,2.44] 0. 067
Combined risk practices

Never Reference

Sometimes or always 0.62[0.43,0.89] 0.010 0.81[0.55,1.20] 0.291 - 0.76 [0.51,1.15] 0.195
Symptom’s status of the first infection

No Reference

Yes 0.73]0.51,1.03] 0.078 - 0.75[0.52,1.08] 0.123 0.73[0.51,1.06] 0.104
Hospitalization status of first infection

No Reference

Yes 0.83[0.45,1.50] 0.536 - 1.19[0.63,2.26] 0.587 1.40 [0.73,2.68] 0.313
Vaccination before reinfection

No Reference

At least one dose 0.75[0.38,1.49] 0.409 - 0.99 [0.48,2.04] 0.984 0.92[0.44,1.90] 0.822
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Discussion

Understanding the features of reinfected cases is becoming increasingly
important as global reinfection rates rise. The factors that determine the symptomatic

status of reinfection and the time gap till reinfection are investigated in this study.

Reinfection rate and characteristics of reinfected cases

The overall reinfection rate was equal to 0.73% between March and June 2021
for cases who got the second infection after at least 90 days from the first infection.
Other findings with similar case definition showed lower rates which equaled 0.17% in
Czech Republic [98], while another study conducted in which additionally required at
least one negative test between the first and second infections as confirmatory for
reinfection accounted for 0.47% [106]. A study conducted in Italy with at least 2
negative tests required as part of discharge criteria had a reinfection rate of 0.33% [289].
Large cohort studies considering the mentioned time interval in England [88], Italy
[290], and Switzerland [100] also showed rare occurrence of reinfection not exceeding
1%. This variation in rates could be due to several reasons including ununified case
definition for reinfected cases, demographic or geographical factors, vaccination status,
type and rate of immune response, and policies and preventive measures imposed in the
country in regards to COVID-19 [291]. According to a prior study conducted in Qatar
by Laith Abu-Raddad and colleagues, the rate of reinfection for those reinfected after
at least 45 days was 0.18% [265]. This increase in the rate in Qatar could be due to
multiple reasons including, different methods and study designs employed, different
time duration of included participants, and also due to the increase in number of
COVID-19 cases during the period of the study.

The mean age was 34 of cases reinfected after at least 90 days, as it was not
quite similar to ages of other reinfected cases with similar case definition which were
50 years in France [106], and 54 years in Italy [289]. This discrepancy could be due to
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the special demographic structure in Qatar which mainly comprises of adult males aged
20 to 50 years, with a high proportion of labor workers [292]. Another factor could be
the widespread reimplementation of COVID-19 protection measures in Qatar in 26" of
March, 2021 after the spread of the UK variant, including regulations for children under
12 years old, such as school disclosures and restricting them from attending particular
locations [293]. Despite the fact that just a few elderly people were included in our
study, they were given priority for the first baches of vaccine in the country, which
could have shielded them from future reinfections [294]. Special attention was given to
these two groups (children and elderly) as further guidelines were published by the
Ministry of Public Health for the public regarding precautionary measures to be
undertaken to protect them from getting infected with COVID-19 [295].
SARS-CoV-2 reinfection seemed to have a stronger association with males
which accounted for 84% in this study, while in other studies described lower rates
which were equal to 54% in France [106], 37.5% in Italy [289], and 19% in England
[88]. This could be due to a variety of factors, including the fact that Qatar has a higher
proportion of males (75%) than females [296]. The vast majority of individuals
reinfected in this study were Asians and blue-collar employees, as manual workers
accounting for roughly 60% of the entire population in Qatar and being predominantly
adult males with mostly being of Asian and African nationalities [297]. Due to labors
work requirements, they are more likely to work in densely populated regions than
females. Working in these environments may increase the likelihood of getting
reinfected. Moreover, some studies presented males may have poorer adherence to
preventative measures than females, making them more susceptible to reinfection [298,
299]. Furthermore, different immune reactions between males and females may arise

due to hormonal systems in females, particularly the dominant female hormone
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estrogen, which may confer protection from infection with COVID-19 [300].
Consequently, males have more severe course of COVID-19 disease requiring intensive
care unit admission [301], our findings showed that males accounted for 92% of those
hospitalized in the second infection and 75% males had symptoms during reinfection
when compared to females.

Hospitalization status of the second infection was equal to 3.4% among
reinfected cases, which was substantially lower than another study in Italy, which
reported that 17% of reinfected patients were hospitalized [289]. This could indicate
that reinfected cases in Qatar are generally less severe, either as a result of efficient
COVID-19 case treatment or due to variances in body defense among various
populations [302]. The percentage of who received at least one dose of vaccine and
later got reinfected equaled 7.3%. This small rate may indicate that a small number of
people become reinfected after vaccination due to the efficiency of these vaccines, as
several studies in Qatar have demonstrated [303-305]. Eleven cases were reinfected
after 14 days from being fully vaccinated, which could indicate a breakthrough
infection (getting infected even after receiving two doses of vaccine), as multiple
studies have shown that full immunity develops after 14 days from full vaccination
[306-309].

Symptomatic status of reinfection
In this study, symptomatic status of reinfected cases accounted for 39% of all

reinfected, while rates in England were slightly lower, accounting for 32% [88]. The
rates were higher in some studies which was found to be 50% in a study conducted in
the USA [310], 74% in Czech Republic [98], and 72% in France [106]. The low number
of symptomatic cases during reinfection in Qatar can be attributed to the population's

younger age which is associated with being healthier, or it could be linked to the fact
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that different definitions of asymptomatic cases are used, resulting in disparities in
reporting [311]. Thirty one percent of patients who had no symptoms in the first
infection developed symptoms in reinfection indicating less severity of reinfection,
unlike other studies showing more aggressive reinfection [106]. Half of reinfected
children and adolescents with the age of 18 years and below in our study had symptoms
in the first infection, while 36% had symptoms in both episodes. A study in Qatar
divulges that the prevalence of symptoms in infected children with similar age group
were equal to 36.6% [312].

Combined practices were both strong protective factors against symptomatic
status of reinfection. Consistent with our findings, a study conducted in Switzerland
among young adults showed that stringent social distancing and hygiene were
suggestive to be associated with reducing the rate of symptoms of patients infected with
COVID-19 [313]. These two measures may be associated with reducing the viral
inoculum during infection, leading to reduction of cases developing symptoms when
reinfected with COVID-19 [313]. This finding may support the hypothesis that
performing multiple preventive measures always may reduce the dose of the virus when
reinfected, leading to milder and asymptomatic infection manifestations [314]. These
findings could point to the possible link between viral dosage and illness severity.

According to the findings of this study, those who had symptoms during the
first infection are more likely to have symptoms in reinfection. This finding is
especially meaningful because a first infection is not possibly providing protection
against a second infection. Explanations include short-term immune system protection,
or enhancement of the immune system [315, 316], resulting in a manifestation
development in the second infection. Hospitalization during the first infection was also

associated with symptomatic status of reinfection indicating severity of the illness.
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These findings could point to a reinfection with an aggressive SARS-CoV-2 variant,
which would cause symptoms and, in some cases, severe illness. Patients arriving in
Qatar from diverse countries were found to be reinfected with distinct SARS-CoV-2
strains throughout a time span that was somewhat identical to our study [317], which
could explain the clinical course and hospitalization in reinfected individuals. Even
though cases with severe disease may have higher antibody levels that are still
detectable two to three months after primary infection, data was not available on the
symptom’s severity in reinfection, leading to the conclusion that more information is

required to fully understand this association.

Time interval between the first and second infections
The interval between the first and second episodes had median of 309 days, as

other studies in Czech Republic [98] and England [88] showed that the median time
intervals were 201.5 days and 201 days, respectively. This may show that reinfection
mainly occurs after a long median time from the first infection, as may indicate a long
immune protection against reinfection after natural infection. For instance, herein we
reported that always practicing all preventive measures, and never engaging in any of
risk practices were strongly associated with longest time interval until reinfection. This
may imply that the practice of combined multiple preventive practices and avoidance
of any risk practice has an influence on protecting or prolonging the time until
reinfection.

Symptomatic status of the first infection was found to be associated with shorter
time interval until reinfection. In support to these findings, a study found that cases with
severe symptoms in the first infection had lower median days between the two episodes
compared to those with non-severe symptoms [318]. This could indicate that who

experienced symptoms during the first infection might have had a weak immune system
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that provided only short-term protection. Comorbidities or immunosuppressed
individuals, which were not explored in this study, could be explanations for the low
immunity, making them more prone to be reinfected . Hospitalization status of the first
infection was found to be associated with longest time interval until reinfection. As an
explanation, those who were hospitalized in the first infection might have triggered
higher production of antibodies, consequently leading to long-term protection against
reinfection [79].

According to several epidemiological studies, natural immunity protection from
reinfection occurs for at least 6-12 months [88, 89, 100, 290, 319], while other studies
conducted in UK and USA showed less duration of protection after natural infection
(5-7 months) [319-322]. Short-term protection against reinfection was also observed
reaching between 2 to 3 months as presented in a study conducted in China [80].
Because of the complexity of immune responses, protection duration is heterogenous
between individuals [323], and possible explanations for this disparity may include the
fact that the length of immune system protection against a new infection is affected by
various parameters, including the strain, age of primary infection, and illness severity
[324]. Understanding factors influencing persistence of antibodies and protection after
natural infection or vaccination is essential to provide better understanding the variation

in time intervals to reinfection between individuals.

Other study findings
Laith Abu Raddad and colleagues did several investigations on SARS-CoV-2

reinfection in Qatar [265]. The first was a cohort study that attempted to analyze the
risk and incidence rate of reinfected cases in Qatar by utilizing a time interval of 45
days or more between infections as criteria for determining reinfection [265]. Further

sensitivity analysis for the risk of reinfection was conducted in reinfected cases after 60
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days from the initial infection, and whole genome sequencing was performed to confirm
the reinfection [265]. Another cohort study conducted by the same author utilized the
latter criteria for reinfected cases [267]. The study aimed to assess the risk and incidence
of reinfection in an anti-body positive cases followed up for more than seven months
from primary infection. Findings showed no evidence for possible waning of immunity
after being infected with COVID-19 and the protection against reinfection from natural
infection was equal to 95% [267].

While the latter studies followed up patients and determined the incidence and
risk of reinfection, the current study is complementary to these studies in that we
investigated the characteristics of the reinfected cases and considered epidemiological
aspects such as preventive and risk practices in relation to developing symptoms during
reinfection and the time interval between the first and second infections. Moreover, the
criteria used for determining reinfected cases in our study (i.e. time interval of at least
90 days between the two infections) was based on a comprehensive literature review
conducted in Chapter 3, while initial Abu Raddad’s study included reinfected cases
after at least 45 days [265].

Two cases were found to meet the developed criteria for confirmed reinfected
cases (Chapter 3: p.36 ) with a three-month interval until reinfection, at least 3 negative
PCR tests with one month duration until the first negative test. Although we found only
2 relevant cases meeting the criteria developed in the scoping review, this might raise
some questions regarding missing some identified reinfected cases. There are multiple
body mechanisms that occur which might be misinterpreted as something else rather
that reinfection. The criteria devised were created with the sole purpose of reinfection
and how is it differs from these mechanisms. This low number of reinfected cases could

be due to the use of time interval as a case definition for reinfection, with no
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investigation of other aspects (e.g. number and duration of negative tests after the first
infection), which could have effectively ruled out many of those who had reinfection,
resulting in underestimation. Furthermore, there are no guidelines in Qatar requiring
infected patients to be followed up on or to undergo continuous screening to ensure

viral clearance from the body and to detect all reinfected cases.

Data analysis challenges

For each model developed, relevant assumptions were tested. ‘Time interval'
had non-normally distributed residuals and did not show homoscedasticity (constant
variance) for the linear regression assumptions. As a result, box-cox transformation was
considered since it is a widely used method when assumptions are violated, as it also
showed normally distributed residuals, however, due to complexity of statistical
methods for back-transformation for the aim of interpretation, other methods were used.
Later, a quantile regression model was developed, which compares associations
between factors and various time interval distributions using different quantiles.
However, a problem with a very wide confidence interval has surfaced, which could
indicate low precision in estimates, leading to erroneous conclusions.

Finally, ordinal logistic regression was examined, as well as the proportional
odds assumption. In practice, the data frequently violates the proportional odds
assumption. In our case, the brant model indicated some variables to be violating this
assumption; however, no violation was found when evaluating the final models.
Furthermore, a generalized ordered logit model was created and compared to the ordinal
regression model using AIC and BIC tests to determine which model fit data better.
The results demonstrated that the ordinal regression model is more fit of the data, and
thus it was used in the analysis. Ordinal logistic regression is far more parsimonious

than multinomial logistic regression models, which are sometimes incorrectly used
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when this assumption is violated [287]. In addition, ordinal logistic regression was
utilized since it is a robust method that is advised when a continuous outcome is skewed
[325]. It is also more preferred when compared to dichotomous or multinomial
categorization which have several statistical implications including the power of the

study [326].

Limitations and strengths

It is essential to recognize limitations of the study. First, possible reasons that
may cause an underestimation of reinfected cases are: limited follow-up testing, lack of
surveillance system for asymptomatic infections, and not seeking medical care or
receive diagnosis when mild or no symptoms appear [327, 328]. People also tended to
travel in summer (study period: March to June 2021) after lockdown for two years
which may have led to lower chances of capturing the true number of reinfected cases.

Second, there is a lack of a clear definition of asymptomatic infection, as well
as probability of misclassification of those in the pre-symptomatic phase, as they may
show no symptoms at that stage of the disease and were later not followed up on for
confirmation of symptoms. This might consequence in misclassification of
symptomatic as asymptomatic cases, and possibly resulting in an overestimation of the
rate of asymptomatic reinfected cases [43].

Third, while our findings suggest that preventive practices and not participating
in risk practices are associated with a longer time interval until reinfection, the true
reason, including biological mechanisms, has not been studied, so we do not know
whether immune protection played a role in extending this period or not.

Fourth, the presence of symptoms in reinfection may correlate with other factors
not measured in our study including existing health conditions such as cardiovascular

diseases, lung diseases, hypertension and diabetes, and cancer [329].

82



Fifth, it is important to note that it is not possible to eliminate residual
confounding even after adjusting for known and measured confounders in the
multivariable models.

Sixth, some variables such as symptomatic status and practices after the first
infection were self-reported by patients during case investigation, as this might
introduce measurement and recall bias.

Seventh, because the investigation of reinfected cases began in March 2021 and
the study was completed in August 2021, reinfected cases included were within this
period, which is considered relatively short. For better outcomes, we recommend
designing research with a longer time frame or develop follow-up studies.

Lastly, majority of cases were reinfected after 9-months from the first infection
and this could be due to the start of investigation of reinfected cases in March 2021,
therefore, missing many reinfected cases with shorter time duration. For this reasons,
the categorization of time interval outcome investigated was based upon quantiles.
Although quantile categorization is not ideal, it was the best option given the available
data.

Notwithstanding the limitations, according to our knowledge, this is the first
study to investigate retrospectively analyzed factors associated with symptomatic status
of reinfection and time period until reinfection in the region. Not only focusing on
specific types of variables, this study also explored at a variety of demographic,
practice, and clinical factors to examine what could be explaining the development of
symptomatic status of reinfection. Despite the fact that this is a cross-sectional study
with a short data collection period, the analysis was done retrospectively, indicating
that the temporal association may hold. This study also included all investigated SARS-

CoV-2 reinfection cases between March and June 2021; however, more follow-up

83



studies are needed to be able to generalize findings of all reinfected cases in Qatar.

Implications

This study has several implications. The study's findings will assist clinicians in
better understanding the various characteristics of reinfected cases when diagnosing
and providing treatments. It will also guide healthcare professionals while developing
promotion programs to encourage preventive practices and dissuade risk practices as
well as countries in developing guidelines and regulations for individual public health
measures. Findings will also help in the preparation of such measures in upcoming big
sports event such as the 2022 FIFA World Cup Qatar. Understanding reinfection of the
disease is necessary for the prevention and preparedness of the upsurge of reinfection

and infection rates in Qatar during this big event.

Recommendations

Even if efficacious and safe vaccination have developed, individual public
health measures is needed to continue its ongoing role in combating outbreaks and in
curtailing the virus transmission in the country. The use of preventive practices is
critical in recovered patients and should be emphasized, particularly among healthcare
workers who are more vulnerable. We propose that additional research will potentially
generate insights relevant for more understanding of reinfection in Qatar prioritizing
strategies to decrease the impact of the epidemic, as well as performing qualitative
research on possible reasons for those not practicing preventive measures and engaged
in risk practices after the first infection. Some studies showed that data on serology tests
and sequencing is needed to be further studied to gain a better understanding of the
evolution of symptomatic status of reinfection and time interval until reinfection among
different regions. More research into time to reinfection is needed in order to properly
estimate results when utilizing a continuous outcome such as survival analysis.

Furthermore, the majority of patients were reinfected after more than 9 months,
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implying that protection from a prior infection may continue a long time, and more
research on the duration of protection against reinfection is required. Governments
communicating with the public on benefits of preventive measures to achieve high level
of public compliance.

Conclusion

In conclusion, we provided description of reinfected cases as findings presented
in this study which underlines the value of promoting individual level public health
measures through mandating them among the public through the development of
policies. We evaluated whether engaging in preventive and neglecting risk practices is
associated with the development of COVID-19 symptoms during reinfection, as well
as the effect on time until reinfection. Our main findings indicate that all combined
preventive practices and all non-performed risk practices are associated with
asymptomatic status of reinfection as well as a longer time to reinfection. In order to
draw conclusions on causal relationships, more robust follow-up research are

necessary.
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APPENDICES

Appendix A: Search strategy

Table A 1. Search Strategy Built and Number of Articles According to Each Database

#

Search strategy

Number
of results

Pubmed

#1

#2

#3

#4

((((((((('cOVID-19"[Title]) OR ("Covid19"[Title])) OR
("corona virus"[Title])) OR ("SARS-CoV-2"[Title])) OR
("Severe acute respiratory syndrome coronavirus
2"[Title])) OR ("2019nCoV"[Title])) OR (""2019
nCoV"[Title])) OR ("2019-nCoV"[Title])) OR (*HCoV-
19"[Title])) OR (coronavirus[MeSH Terms])

(CCCCQ reinfection [ Title/ Abstract]) OR ("re-
infection"[Title/Abstract])) OR ("re-
positive"[Title/Abstract])) OR ("relapse”[Title/Abstract]))
OR ("repositive"[Title/Abstract])) OR
("recurrence"[Title/Abstract])) OR
("recurrent”[Title/Abstract])) OR ("late
presentation”[Title/Abstract])) OR ("delayed
presentation”[Title/Abstract])) OR ("retested
positive"[Title/Abstract])) OR
("persistence”[Title/Abstract])) OR
("Reactivation"[Title/Abstract])) OR ("Re-
activation"[Title/Abstract])) OR ("re-tested
positive"[Title/Abstract])) OR
("reoccurrence”[Title/Abstract])) OR ("re-
occurrence"[Title/Abstract]) ) OR ("post
infection"[Title/Abstract])) OR
("postinfection”[Title/Abstract]) OR ("post-
infection"[Title/Abstract]) OR
("repositive"[Title/Abstract]) OR ("re-tested
positive"[Title/Abstract])

((((((*whole genome sequencing™) OR
("seroconversion™)) OR ("sero-conversion")) OR
("antibody response™)) OR ("immune response”)) OR
("viral strain™)) OR ("viral clade") OR ("variant™)

(#1) AND (#2) AND (#3)

Embase

#1

#2

(‘covid-19"ti OR 'covid19"ti OR 'corona virus':ti OR 'sars-
cov-2":ti OR 'severe acute respiratory syndrome 2":ti OR
'2019ncov':ti OR 2019 ncov':ti OR '2019-ncov':ti OR
'hcov-19':ti OR 'coronavirus':ti OR 'coronavirus disease
2019':ti)

(‘reinfection’:ti,ab,kw OR 're-infection':ti,ab,kw OR 're-
positive'ti,ab,kw OR 'relapse':ti,ab,kw OR
'recurrence’:ti,ab,kw OR 'recurrent’:ti,ab,kw OR 'late
presentation’:ti,ab,kw OR 'delayed presentation':ti,ab,kw
OR 'retested positive':ti,ab,kw OR 'persistence":ti,ab,kw

136,332

827,460

423,886

287

126,230

1,184,269
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OR 'postinfection':ti,ab,kw OR 'post-infection':ti,ab,kw
OR 'repositive':ti,ab,kw OR 're-tested-positive":ti,ab,kw)
‘reinfection’ OR 're-infection’ OR 're-positive’ OR 'relapse’
OR 'recurrence’ OR 'recurrent’ OR 'late presentation' OR
‘delayed presentation' OR 'retested positive' OR
‘persistence’ OR 'postinfection’ OR 'post-infection' OR
'repositive’ OR 're-tested-positive'

#3 'whole genome sequencing' OR 'seroconversion' OR 'sero-
conversion' OR "antibody response’ OR ‘immune response’
OR 'viral clade' OR 'viral strain' OR 'variant'

#4 #1 AND #2 AND #3

Scopus
( TITLE ((covid-19) OR (covid19) OR (corona virus) OR
(SARS-CoV-2) OR (Severe acute respiratory syndrome
coronavirus 2) OR (2019nCoV) OR (2019 nCoV) OR
(2019-nCoV) OR (HCoV-19) OR (coronavirus) )
TITLE-ABS-KEY ( (reinfection) OR (re-infection) OR
(re-positive) OR (relapse) OR (repositive) OR
(recurrence) OR (recurrent) OR (late presentation) OR
(delayed presentation) OR (retested positive) OR
(persistence) OR (Reactivation) OR (Re-activation) OR
(re-tested positive) OR (reoccurrence) OR (re-occurrence)
OR (post infection) OR (postinfection) OR (post-
infection) OR (repositive) OR (re-tested positive))
ALL ((whole genome sequencing) OR (seroconversion)
OR (sero-conversion) OR (antibody response) OR
(immune response) OR (viral strain) OR (viral clade) OR
(variant))

Web of Science

#1 TI1=("covid-
19" OR "covid19" OR "corona virus" OR "SARS-CoV-
2" OR "Severe acute respiratory syndrome coronavirus 2"
OR "2019nCoV" OR "2019 nCoV" OR "2019-
nCoV" OR "HCoV-19" OR "coronavirus")

#2 AB=("Reinfection" OR "re-infection” OR "re-
positive” OR "relapse™ OR "repositive™ OR "recurrenc
e" OR "recurrent” OR "late presentation” OR "delaye
d presentation” OR "retested positive" OR "persistenc
e" OR "Reactivation” OR "Re-activation” OR "re-
tested positive” OR "reoccurrence” OR "re-
occurrence” OR "post infection” OR "postinfection" O
R "post-infection” OR "repositive” OR "re-
tested positive")

#3 All=("whole genome sequencing™ OR "seroconversion” O
R "sero-
conversion” OR "antibody response” OR "immune respon
se" OR "viral strain™ OR "viral clade” OR "variant")

#4 #1 AND #2 AND #3

MedLine

#1 ti("covid-19") OR ti("covid19") OR ti("corona virus™) OR

769,133

325

1615

122,699

723,902

539,469

154

114,431

129



#2

#3

#4

ti("SARS-CoV-2") OR ti(*"Severe acute respiratory
syndrome coronavirus 2") OR ti("2019nCoV") OR
ti("2019 nCoV") OR 1i(*2019-nCoV") OR ti("HCoV-19")
OR ti(*"coronavirus")

"Reinfection™ OR "re-infection” OR "re-positive” OR
"relapse” OR "repositive” OR "recurrence™" OR
"recurrent” OR "late presentation” OR "delayed
presentation™ OR "retested positive" OR "persistence” OR
"Reactivation" OR "Re-activation" OR "re-tested
positive” OR "reoccurrence” OR "re-occurrence” OR
"post infection™ OR "postinfection™ OR "post-infection”
OR "repositive™ OR "re-tested positive"

"whole genome sequencing” OR "seroconversion” OR
"sero-conversion” OR "antibody response™ OR "immune
response” OR "viral strain™ OR "viral clade” OR "variant"
#1 AND #2 AND #3

ti("covid-19" OR "covid19" OR "corona virus" OR
"SARS-CoV-2" OR "Severe acute respiratory syndrome
coronavirus 2" OR "2019nCoV" OR "2019 nCoV" OR
"2019-nCoV" OR "HCoV-19" OR "coronavirus") AND
ab("Reinfection™ OR "re-infection” OR "re-positive” OR
"relapse” OR "repositive” OR "recurrence™" OR
"recurrent” OR "late presentation” OR "delayed
presentation™ OR "retested positive” OR "persistence” OR
"Reactivation" OR "Re-activation" OR "re-tested
positive” OR "reoccurrence” OR "re-occurrence” OR
"post infection™ OR "postinfection™ OR "post-infection”
OR "repositive™ OR "re-tested positive™) AND ("whole
genome sequencing™ OR "seroconversion” OR "sero-
conversion” OR "antibody response™ OR "immune
response” OR "viral strain™ OR "viral clade" OR
"variant")

Oxford academic

Wiley

(Title: covid-19 OR covid19 OR coronavirus OR corona
virus OR SARS-CoV-2 OR Severe acute respiratory
syndrome coronavirus 2 OR 2019nCoV OR 2019 nCoV
OR 2019-nCoV OR HCoV-19) AND (Abstract:
reinfection OR re-infection OR repositive OR re-positive
OR relapse OR recurrence OR recurrent OR late
presentation OR delayed presentation OR retested positive
OR re-tested positive Or persistence OR reactivation OR
re-activation OR retested-positive OR reoccurence OR re-
occurence OR postinfection OR post-infection OR re-
tested positive OR repositive) AND (whole genome
sequencing OR seroconversion OR sero-conversion OR
antibody response OR immune response OR viral strain
OR viral clade OR variant)

""covid-19” OR “covid19” OR “coronavirus” OR “corona
virus” OR “SARS-CoV-2” OR “Severe acute respiratory

1,809,586

1,049,617

216

93
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syndrome coronavirus 2” OR “2019nCoV” OR “2019
nCoV” OR “2019-nCoV” OR “HCoV-19”" in Title and
""Reinfection” OR "re-infection" OR "re-positive” OR
"relapse” OR "repositive” OR "recurrence” OR
"recurrent” OR "late presentation” OR "delayed
presentation” OR "retested positive” OR "persistence” OR
"Reactivation" OR "Re-activation" OR "re-tested
positive” OR "reoccurrence” OR "re-occurrence” OR
"post infection™ OR "postinfection™ OR "post-infection”
OR "repositive™ OR "re-tested positive™" in Abstract and
""whole genome sequencing” OR "seroconversion” OR
"sero-conversion” OR "antibody response™ OR "immune
response” OR "viral strain™ OR "viral clade” OR
"variant™" anywhere

Cochrane library

#1
#2
#3
#4
#5
#6
#7
#8
#9
#10
#11
#12

#13
#14
#15
#16
#17
#18
#19
#20
#21
#22
#23
#24
#25
#26
#27
#28

#29
#30
#31
#32

("covid-19"):ti

("covid19"):ti

("coronavirus"):ti

("corona virus"):ti

("SARS-CoV-2"):ti

(“"severe acute respiratry syndrome coronavirus 2"):ti
("2019nCoV"):ti

("2019 nCoV"):ti

("2019-nCoV"):ti

("HCoV-19"):ti

MeSH descriptor: [COVID-19] this term only

#1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR
#9 OR #10 OR #11

("reinfection™):ab

("re-infection™):ab

("repositive™):ab

("re-positive™):ab

("relapse™):ab

("recurrence™):ab

("recurrent™):ab

("late presentation™):ab

("delayed presentation™):ab

("retested positive"):ab

("re-tested positive™):ab

("persistance"):ab

(“"reactivation™):ab

("postinfection™):ab

("post-infection™):ab

#13 OR #14 OR #15 OR #16 OR #17 OR #18 OR #19 OR
#20 OR #21 OR #22 OR #23 OR #24 OR #25 OR #26 OR
#27

("whole genome sequencing")

(“"seroconversion™)

("sero-conversion™)

("antibody response™)

4434
111
605

60

32

2

0

113
1215
69

58
77519

206
3859
74
2805
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#33
#34
#35
#36
#37

#38

("immune response™) 9593

("viral strain™) 24
("viral clade™) 0
("viriant™) 3743
#29 OR #30 OR #31 OR #32 OR #33 OR #34 OR #35 OR 18300
#36

#12 AND #28 AND #37 8
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Appendix B: Classification of severity levels according to WHO

Table A 2. COVID-19 Severity Classification According to WHO

Severity Classification

Manifestations

Mild disease

Moderate disease

Severe disease

Critical disease

Symptomatic patients with no evidence of viral
pneumonia or hypoxia

Symptoms of pneumonia with no evidence of severe
pneumonia and SpO2 > 90% on room air

Symptoms of pneumonia with one of the following:
respiratory rate more than 30 breaths per minute;
severe respiratory distress; or SpO2 < 90% on room
air

Acute respiratory distress syndrome (ARDS) [330-
332]

Sepsis [333, 334]

Septic shock [333, 334]

Acute thrombosis (Acute venous thromboembolism
(i.e. pulmonary embolism, acute coronary syndrome,
acute stroke.)

Multisystemic inflammatory syndrome in children
and adolescents (MIS-C) [335]
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Appendix C: Quality assessment

Table A 3. Quality Assessment of Case Reports and Case Series Included Using the NIH Tool

First author Was the Was the study ~ Were the Were the Was the Were the outcome Wasthe  Were the Were the Quality

study population cases subjects interventio measures clearly length of  statistical results

question or clearly and consecutive comparabl  n clearly defined, valid, follow- methods well-

objective fully ? e? described? reliable, and up well- described?

clearly described, implemented adequate  described?

stated? including a consistently across ?

case all study
definition? participants?

Becky Mingyao Yes Yes N/A N/A N/A Yes Yes NR Yes Good
James P. Caralis Yes Yes Yes Yes N/A Yes Yes NR Yes Fair
Wu Jing Yes Yes Yes Yes N/A Yes Yes Yes Yes Good
Christopher Chew Yes Yes Yes Yes N/A Yes Yes NR Yes Good
Line Heylen Yes No N/A N/A N/A Yes Yes N/A Yes Fair
Michael Mohseni Yes Yes N/A N/A N/A Yes Yes NR Yes Fair
Isabelo Sicsic Jr Yes Yes N/A N/A N/A Yes Yes NR Yes Fair
Belén Prado-Vivar Yes Yes N/A N/A N/A Yes Yes NR Yes Fair
Chengyun Dou Yes Yes N/A N/A N/A Yes Yes NR Yes Fair
Whilken Novoa Yes Yes N/A N/A N/A Yes Yes NR Yes Fair
Jessica Tuan Yes Yes N/A N/A N/A Yes Yes NR Yes Fair
Rohit Sharma Yes Yes N/A N/A N/A Yes Yes NR Yes Fair
Wei Chen Yes Yes N/A N/A N/A Yes Yes NR Yes Fair
Avani Jain Yes Yes N/A N/A N/A Yes Yes NR Yes Fair
Makoto Inada Yes Yes N/A N/A N/A Yes Yes NR Yes Fair
Satya Prakash Yadav Yes Yes N/A N/A N/A Yes Yes NR Yes Fair
Vivek Gupta Yes Yes Yes No N/A Yes Yes NR Yes Good
Jayanthi S Shastri Yes Yes Yes Yes N/A Yes Yes NR Yes Fair
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Pauline Vetter

David Harrington
Kelvin Kai-Wang To
Resat Ozaras

Kavita Gulati
Bongiovanni, M.
Satya Prakash Yadav
Mark I. Garvey
Juliana D. Siqueira
Helmut J. F. Salzer
Philippe Colson
Gabriela Sevillano
Jee-So00 Lee
Francesco Bellanti
Lina Okrar

Bader Aldossary
Natalia Fintelman-Rodrigues
Richard L. Tillett
Vagner Fonseca
Nicole M Duggan
Antonietta Coppola
Michelle Bentivegna
Jian-Rong Yang et al.
Anming Luo

Sook Yin Loh

Justin Wong

Svenja Ravioli
Shannon Leung
Daniela Loconsole

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
No

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

N/A
N/A
N/A
N/A
N/A
Yes
Yes
Yes
N/A
N/A
N/A
N/A
Yes
N/A
N/A
N/A
Yes
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
Yes
Yes
N/A
N/A

N/A
N/A
N/A
N/A
N/A
No

Yes
Yes
N/A
N/A
N/A
N/A
Yes
N/A
N/A
N/A
Yes
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
Yes
Yes
N/A
N/A

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
N/A
NR
Yes
NR
NR
NR
N/A
NR
NR
NR
NR
Yes
NR
NR
NR

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
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Fair
Fair
Fair
Fair
Good
Fair
Good
Fair
Fair
Good
Fair
Good
Fair
Fair
Fair
Fair
Fair
Good
Fair
Fair
Fair
Fair
Fair
Fair
Fair
Fair
Fair
Fair
Fair



Chiara Vassallo

Fabio de O. Martinez
Saeed Shoar

Richa Nepal

Sameena Salcin
Danielle de Araujo Torres
Muhammad Hanif
Hytham Fageeha
Moayed Ibrahim

Sully Marquez

Fung Liu

Venkatraman Radhakrishnan
Mariene R. Amorim
Federica Novazzi

J. Li,X.

Mostafa Salehi-Vaziri
Thomas Theo Brehm
Kang Zhang

Ana Carolina Fernandes
Xiu-Feng Wan

Philipp A. Reuken
Noémie Zucman
Vijairam Selvaraj
Serkan Atici

Pallavali R. Rani

Laith Abu-Raddad

Na li

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
Yes
Yes
N/A
N/A
N/A
Yes
N/A
N/A
N/A
N/A
N/A
Yes
N/A
Yes
Yes

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
Yes
No

N/A
N/A
N/A
Yes
N/A
N/A
N/A
N/A
N/A
Yes
N/A
Yes
N/A

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
N/A
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Fair
Good
Fair
Fair
Fair
Fair
Fair
Fair
Good
Good
Fair
Fair
Fair
Fair
Good
Fair
Fair
Fair
Fair
Fair
Fair
Good
Fair
Fair
Fair
Fair
Fair

Note: N/A: not applicable NR: not reported



Table A 4 Quality Assessment of Cohort Studies Included Using the Newcastle-Ottawa Scale Tool

Selection Comparability Outcome Quality
First Author Comparability
_ Selection of Demonstration of coh_orts on Was follow-up
Representativen h : Ascertainment that outcome of  the basis of the Assessment of  lona enouah for Adequacy of
ess of the the non interest was not design or g g follow-up of
exposed cohort exposed of exposure present at start analysis outcome outcomes to cohorts
cohort occur
of study controlled for
confounders

Zhao, W * * * * Fair
Tie-Jun Shui * * * * * Fair
Shengyang He * * * * * * Fair
Lie Pan * N/A * * * Fair
Ji Zhou * * * * * * Fair
Guangming Ye * * * * Fair
Jie Chen * * * * * Fair
Yuan Liu * * * * * * Fair
K. Fabidnova * * * * Fair
Ithan D. Peltan * * * * * Good
J Zheng * * * * * * Fair
Denggao Peng * * * * * * Fair
Lu-Xiao * * * * * Fair
Victoria Jane Hall * * * * * Fair
Junjie Hu * * * * * * Fair
Maolu Tian * N/A * * * Fair
Hua Yea * * * * Fair
Chao Yang * * * * * Fair

Note: N/A= not applicable
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Table A 5 Quality Assessment of Cross-sectional Studies Included Using the Newcastle-Ottawa Scale Tool

Selection Comparability Outcome Quality
First author Representativeness of Sample Non- Ascertainment of The subjects in Assessment of  Statistical
the exposed cohort size respondent the exposure (risk different outcome outcome test:
factor): groups are

comparable, based
on the study design
or analysis.
Confounding factors
are controlled.

Jing Lu * * * N/A * Fair
Philippe Brouqui * * N/A Fair
Tao Liu * * N/A * Fair
Aparna Mukherjee * * Fair

Note: N/A= not applicable
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Appendix D: STROBE checklist
Table A 6. Strobe Checklist

Item Recommendation

No

Page

Title and abstract

Introduction
Background/rationale

Obijectives

Methods
Study design

Setting

Participants

Variables

Data sources/
measurement

Bias
Study size
Quantitative

variables

Statistical methods

1

10
11

12

(a) Indicate the study’s design with a
commonly used term in the title or the abstract
(b) Provide in the abstract an informative and
balanced summary of what was done and what
was found

Explain the scientific background and
rationale for the investigation being reported
State specific objectives, including any
prespecified hypotheses

Present key elements of study design early in
the paper

Describe the setting, locations, and relevant
dates, including periods of recruitment,
exposure, follow-up, and data collection

() Give the eligibility criteria, and the sources
and methods of selection of participants
Clearly define all outcomes, exposures,
predictors, potential confounders, and effect
modifiers. Give diagnostic criteria, if
applicable

For each variable of interest, give sources of
data and details of methods of assessment
(measurement). Describe comparability of
assessment methods if there is more than one
group

Describe any efforts to address potential
sources of bias

Explain how the study size was arrived at
Explain how quantitative variables were
handled in the analyses. If applicable, describe
which groupings were chosen and why

(a) Describe all statistical methods, including
those used to control for confounding

(b) Describe any methods used to examine
subgroups and interactions

(c) Explain how missing data were addressed
(d) If applicable, describe analytical methods
taking account of sampling strategy

(e) Describe any sensitivity analyses

49

49-52

52

52

53

53

54-57

94-57

58-59

53

58-59

58-59

N/A

58
58-59

N/A
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Results
Participants

Descriptive data

Outcome data

Main results

Other analyses

Discussion
Key results

Limitations

Interpretation

Generalisability

Other information
Funding

13

14

15

16

17

18

19

20

21

22

() Report numbers of individuals at each stage
of study—eg numbers potentially eligible,
examined for eligibility, confirmed eligible,
included in the study, completing follow-up,
and analysed

(b) Give reasons for non-participation at each
stage

(c) Consider use of a flow diagram

(a) Give characteristics of study participants
(eg demographic, clinical, social) and
information on exposures and potential
confounders

(b) Indicate number of participants with
missing data for each variable of interest

Report numbers of outcome events or
summary measures

(@) Give unadjusted estimates and, if
applicable, confounder-adjusted estimates and
their precision (eg, 95% confidence interval).
Make clear which confounders were adjusted
for and why they were included

(b) Report category boundaries
continuous variables were categorized
(c) If relevant, consider translating estimates
of relative risk into absolute risk for a
meaningful time period

Report other analyses done—eg analyses of
subgroups and interactions, and sensitivity
analyses

when

Summarise key results with reference to study
objectives

Discuss limitations of the study, taking into
account sources of potential bias or
imprecision. Discuss both direction and
magnitude of any potential bias

Give a cautious overall interpretation of results
considering objectives, limitations,
multiplicity of analyses, results from similar
studies, and other relevant evidence

Discuss the generalisability (external validity)
of the study results

Give the source of funding and the role of the

60

N/A

53
60-61

Presented
in tables

61
68-69
64-65
73

54

N/A

N/A

75-77

83-84

77-80

85

N/A
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funders for the present study and, if applicable,
for the original study on which the present
article is based

Note: N/A= not applicable
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Appendix E: Directed acyclic graphs (DAGS)

Nationality

Nationality

S
Prevntive p

‘-‘_
— > <T—
—

)

=

Age Hosp2 Symptoms2

Figure A 2. Directed acyclic graph (DAG) model of time interval between two infections.
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Appendix F: IRB Exempt Letters

Date: August 26, 2020
Ref. : ERC-826-3-2020
Exempt Research Certificate

Diear Applicant,

The Health Research Governance Department at the Ministry of Public health {MoPH)] has
reviewed the research project entitled "COWVID-19 Profile in the State of Qatar”. The Principal
Investigator, Dr. Elmoubasher Abu Baker Abd Farag, confirmed that there will be no collection
of identifiable information. Upon review, the research has been categorized as exempt
research under category (3): Research involving the collection or study of existing data,
documents, records, pathological specimens, or diagnostic specimens, if these sources are
publicly available or if the information is recorded by the investigator in such a manner that
subjects cannot be identified.

However, please note that in accordance with MoPH pelicy, the regulations state that
“research involving...interview procedures.. {is exempt from this policy} unless (1)
information obtained is recorded in such a matter that human subject can be identified
directly or through identifiers linked to the subject and (2] disclosure of the human subject
responses outside the research could reasonably place the subjects at risk of criminal or civil
lizbility, or be damaging to the subjects’ financial standing, employability, or reputation”.
Under conditions mentioned in (1] and (2}, the proposal must be reviewed by an Institutional
Review Board Committee.

If we can be of further assistance, please contact us at 974-4307-0363 or via email at
IRBE@moph.gov.ga

Simceraly,

Hardie, Euﬂm.'h

Dr. Eman Sadoun

Manager, Research Division
Ministry of Public Health

E-mail: dresadouni@moph.gov.qa
Phone: 4407-0363

o — Ao

T #0974 S40TO000
P, Bun: 42, Dioha - Clatar

Figure A 3. IRB-MoPH exception letter.
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Figure A 4. IRB-QU exception letter.
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Appendix G: Table of characteristics of reinfected cases

Table A 7. Characteristics of Reinfected Cases After at Least 90 Days

Time interval
>90 days
N=411
Age in years” 33.88+10.73
Age categorized
<20 26 (6.3%)
21-40 294 (71.5%)
41-60 86 (20.9%)
>60 5 (1.2%)
Missing 0 (0.0%)
Gender
Female 64 (15.6%)
Male 347 (84.4%)
Missing 0 (0.0%)
Nationality
Other 11 (2.7%)
Arab 89 (21.7%)
Asian 311 (75.7%)
Occupation
Blue Collar Workers 236 (57.4%)
White Collar Workers 66 (16.1%)
Healthcare Workers 19 (4.6%)
Admin 23 (5.6%)
Army and police 21 (5.1%)
Students and children 20 (4.9%)
Unemployed, Retired and Housewives 26 (6.3%)
Symptomatic status of first infection
No 165 (40.1%)
Yes 242 (58.9%)
Missing 4 (1.0%)

Symptomatic status reinfection
No
Yes
Missing
Hospitalization status of first infection
No
Yes
Missing
Hospitalization status of reinfection
No
Yes
Missing
Vaccination status before reinfection
No
Yes, fully vaccinated
Yes, first dose
Missing

Time interval between the first and second infections in days™

Reason for testing first infection
Clinical suspicion

249 (60.6%)
161 (39.2%)
1 (0.2%)

368 (89.5%)
37 (9.0%)
6 (1.5%)

389 (94.6%)
14 (3.4%)
8 (1.9%)

381 (92.7%)
15 (3.6%)
15 (3.6%)

309 (275-333)

124 (30.2%)
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Time interval

>90 days
N=411
Contact of a case 148 (36.0%)
Routine surveillance 102 (24.8%)
Port of entry 33 (8.0%)
Missing 4 (1.0%)
Reason for testing reinfection
Clinical suspicion 152 (37.0%)
Contact of a case 35 (8.5%)
Routine surveillance 129 (31.4%)
Port of entry 95 (23.1%)
Wearing Mask after first Infection
Never 3 (0.7%)
Sometimes 29 (7.1%)
Always 374 (91.0%)
Missing 5 (1.2%)
Keeping social distance after first Infection
Never 11 (2.7%)
Sometimes 55 (13.4%)
Always 340 (82.7%)
Missing 5 (1.2%)
Hand hygiene after first Infection
Never 4 (1.0%)
Sometimes 50 (12.2%)
Always 352 (85.6%)
Missing 5 (1.2%)
Physical contact after first Infection
Never 300 (73.0%)
Sometimes 75 (18.2%)
Always 30 (7.3%)
Missing 6 (1.5%)
Social Gathering after first Infection
Never 293 (71.3%)
Sometimes 101 (24.6%)
Always 12 (2.9%)
Missing 5 (1.2%)
Combined preventive practices
Sometimes* 92 (22.4%)
Always ** 314 (76.4%)
Missing 5 (1.2%)
Combined risk practices
Never* 247 (60.1%)
Sometimes or always*** 158 (38.4%)
Missing 6 (1.5%)

Note: Data are presented as n (%) for categorical measures.
*Presented as mean £SD ** Presented as Median (IQR)

*sometimes perform some of the preventive practices “*Always perform all
preventive practices ***Never engage in any risk practice ****sometimes engage in
some risk practices or always engage in all risk practices
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