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. The novel coronavirus pandemic has
affected many countries worldwide and has
become a public health emergency. Health
authorities in Iran have made substantial
efforts to control the disease using a
variety of approaches. However, since
the beginning of the pandemic, healthcare
workers have been at a very high risk
of severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) infection.

. We found that after an episode of
SARS-CoV-2infection, healthcare workers
have an estimated 94.8% protection
against recurrent infections. The findings
of this study provide useful insight into the
events that occur after each coronavirus
disease 2019 episode, and they may also
affect how we formulate appropriate and
optimal protective measures.

Background: Even though a few years have passed since the
coronavirus disease 2019 (COVID-19) outbreak, information
regarding certain aspects of the disease, such as post-infection
immunity, is still quite limited. This study aimed to evaluate post-
infection protection and COVID-19 features among healthcare
workers (HCWs), during three successive surges, as well as the
rate of severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) reinfection, reactivation, re-positivity, and severity.
Methods: This cross-sectional population-level observational
study was conducted from 20 April 2020 to 18 February 2021.
The study population included all HCWs in public or private
hospitals in Fars Province, Southern Iran. The infection rate was
computed as the number of individuals with positive polymerase
chain reaction (PCR) tests divided by the total number of person-
days at risk. The re-infection was evaluated after 90 days.
Results: A total of 30,546 PCR tests were performed among
HCWs, of which 13,749 (61.94% of total HCWs) were positive.
Considering the applied 90-day threshold, there were 44 (31.2%)
cases of reactivation and relapse, and 97 (68.8% of infected and
1.81% of total HCWs) cases of reinfection among 141 (2.64%)
diagnosed cases who experienced a second episode of COVID-19.
There was no significant difference in symptoms (P=0.65)
or the necessity for ICU admission (P=0.25). The estimated
protection against repeated infection after a previous SARS-
CoV-2 infection was 94.8% (95% CI1=93.6-95.7).

Conclusion: SARS-CoV-2 re-positivity, relapse, and reinfection
were rare in the HCW population. After the first episode of
infection, an estimated 94.8% protection against recurring
infections was achieved.

A preprint version of this manuscript is available at DOI:
10.21203/rs.3.rs-772662/v1  (https://www.researchsquare.com/
article/rs-772662/v1).
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Introduction

While the absence of a pre-existing immunity prior to severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
exposure plays a key role in the rapid spread of coronavirus
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disease 2019 (COVID-19), the duration and
degree of protection acquired after infection of
this type, or after vaccination, is also important.
In investigating post-infection immunity, certain
considerations are critical; identification of
measurable surrogate markers and correlates of
protection along with providing a proper definition
for endpoints, ie., onward transmission,
disease prevention, or death, are among such
considerations that arrange for a more precise
investigation.’3

Currently, evidence of SARS-CoV-2 post-
infection immunity is on the rise. While several
single and small case studies reported instances
of COVID-19 reinfection,*” two large studies in
the United Kingdom (UK) found that protective
immunity could extend for approximately 5-6
months." ¢ This suggested that most people
develop some levels of immunity after the initial
infection, and acquiring secondary and recurring
infections was considered to be quite rare.

With healthcare workers (HCWs) being at
the epicenter of the COVID-19 pandemic, they
are at a higher risk of contracting the disease.
Furthermore, numerous studies found that
COVID-19 had a negative impact on the wellness
of HCWs.*"" With this in mind, this study was
designed to assess reinfection, relapse, and
re-positivity of SARS-CoV-2 in HCWs, as well as
compare manifested clinical symptoms during
each episode of a patient’s infection, based
on available information and the undeniable
concern regarding the possibility of a recurrence
of COVID-19.

Materials and Methods

Study Design and Surveillance System

This cross-sectional population-level
observational study was conducted from 20 April
2020 to 18 February 2021 (305 days). The study
population included all healthcare personnel
working in either public or private hospitals in
Fars Province, Southern Iran. The individual-level
data regarding infected cases among HCWs,
including hospital staff and personnel working
in Fars Province, were collected. During this
period, Fars Province experienced three surges
of COVID-19 cases, including the first surge: 23
February 2020-4 May 2020, the second surge:
June 2020-15 August 2020, and the third surge:
28 September 2020-12 December 2020.

These data were recorded from 44 private
and public hospitals throughout the Province.
The inclusion criteria were all HCWs in Fars
Province public or private hospitals. HCWs who
were unavailable for evaluation during follow-up
were excluded from the study. Individuals were
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screened and tested based on the presentation
of symptoms or in cases of unprotected close
contact with confirmed COVID-19 cases, as
previously described,'> ® and all personnel were
screened at least once, with additional tests
given to those who developed COVID-19-related
symptoms. Monthly SARS-CoV-2 PCR testing
was also performed for personnel with working
shifts in COVID-19-specific wards. In addition,
if a patient who was not initially diagnosed
with COVID-19 and was admitted to a non-
COVID ward, was later diagnosed as COVID-
19, all personnel in contact with that patient
underwent PCR test for SARS-CoV-2. Real-
time PCR (RT-PCR) assays were performed
in accordance with the protocol established
by the World Health Organization (WHO) and
previous studies.'”> *17 Deidentified data were
obtained from the database that was approved
by a generic research ethics committee, Health
Research Authority, and Confidentiality Advisory
Group approvals.

Written informed consent was obtained from
all the patients in our study. The purpose of this
study was completely explained to the patients,
and they were assured that their information
would be kept confidential. The present study was
conducted in compliance with local regulatory
standards, good clinical practice (GCP), and
the Declaration of Helsinki. Moreover, the study
was approved by the Ethics Committee of Shiraz
University of Medical Sciences (code: IR.SUMS.
REC.1399.034).

Data Collection Procedure

The patient’s demographic information, signs
and symptoms, radiological findings, occupation,
and working place, were all documented
through contacting the patients and filling out
a pre-designed form. Following the recovery,
signs and symptoms were also documented.
Furthermore, data regarding the total number of
HCWs who performed tests, as well as the total
number of infected cases in the studied centers
within the specified timeline, along with features
such as age, sex, and occupation were recorded
for making comparisons.

In  addition, the patient’'s computed
tomography (CT) scans were deidentified and
evaluated individually by a specialist who was
blinded to the patient’s condition and previous/
further CT scans.

Definition of Infections, Re-positivity, Relapse,
and Reinfections

A COVID-19 episode was defined as (i)
having at least one recent major clinical sign of
COVID-19, such as fever or chills, febrile flu-like
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syndrome, dyspnea, anosmia, or dysgeusia;
and (ii) a positive SARS-CoV-2 RT-PCR test.
Patients were notincluded if a different diagnosis
could explain the recurrence of symptoms.

The definition of reinfection, relapse, and
re-positivity of COVID-19 was assigned based
on previous reports.'s ®

e According to the Centers for Disease
Control and Prevention (CDC), re-positivity is
defined as a positive PCR for COVID-19 during
a 90-day period that most probably represents
prolonged shedding rather than reinfection.'
Positive RT-PCR following negative tests in an
asymptomatic patient up to 90 days from the
initial episode is referred to as SARS-CoV-2
RT-PCR re-positivity. These cases probably
do not represent replicative viruses and do not
necessitate isolation. Low viral load is typically
associated with re-positivity.

e COVID-19 relapse (also known as
‘recrudescence’ or ‘recurrence’ or ‘reactivation’)
is a clinical recurrence of symptoms compatible
with  COVID-19, accompanied by positive/
persisting RT-PCR within 90 days of primary
infection, and supported by the absence of
epidemiological exposure or another cause of
the iliness."™

e In the context of clinical practice, Yahav
and others defined reinfection with COVID-19 as
the clinical recurrence of symptoms compatible
with COVID-19, accompanied by a positive PCR
test (Ct<35), more than 90 days after the onset
of the primary infection, supported by close-
contact exposure or outbreak settings, and no
evidence of another cause of infection.” In the
presence of epidemiological risk factors, such
as significant exposure, reinfection should be
considered during the first 90 days, if clinical
symptoms of the first episode resolved, and two
PCR tests were negative before the new episode.
For epidemiological purposes, reinfection could
be defined as any positive RT-PCR test (Ct<35)
more than 90 days from the first episode,
regardless of symptoms. Since genotypic assay
confirmation is time- and resource-consuming,
any case of suspected reinfection should be
considered for isolation.

The healthcare workers were classified
based on their baseline RT-PCR status.
Individuals with only negative RT-PCR results
for SARS-CoV-2 were considered to be at risk
for infection from the time of their first test until
either the end of the study or their first PCR-
positive test result, whichever occurred earlier.
Regardless of subsequent seroreversion (i.e.,
any negative PCR tests that occurred later),
individuals with a positive PCR were considered
to be at risk for infection (or reinfection) from
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90 days after their first positive antibody result
either until the end of the study or their next
PCR-positive test, whichever occurred earlier,
regardless of subsequent seroreversion (i.e.,
any negative PCR tests that occurred later).
Patients with a positive PCR during the initial 90
days of our study were considered previously
infected unless they had a negative PCR.
Regarding the days at risk, the exposed and
unexposed periods are periods of follow-up
time contributed by individuals with and without
the previous infection, respectively. In cases
where the status of an individual changed from
uninfected to infected, the patient remained in
the follow-up while contributing to the previously
infected group. The adapted method was based
on a population-based study by Hansen and
others.2°

To evaluate reinfection, we included all
HCWs with a COVID-19 diagnosis either based
on positive PCR or clinical assessment during
our study period. The date of the first COVID-19
diagnosis in each individual was documented,
as well as their follow-up and further PCR
or clinical evaluations. Each individual with
a diagnosis of COVID-19, whether based on
PCR or clinical assessment, was followed up
from the time of their first test, regardless of the
date or whether they had a positive or negative
result, until the end of the present study period.
Based on previous reports and evidence, the
study and analytic design, as well as the 90-day
cut-off, were allocated.”®?® We subcategorized
probable reinfections based on symptom status
to emphasize those with more evidence and
enable comparability with other classifications.

Statistical Analysis

The Data were analyzed using SPSS,
version 26 (IBM Corp., Armonk, New York,
United States) and Excel software (Microsoft
Co., version 8.0). The categorical variables were
expressed as frequencies and percentages,
and continuous variables as median and
interquartile range (IQR) or mean+SD. Basic
statistical analysis was performed using Chi
square and Fisher’s exact tests. The infection
rate was computed as the number of individuals
with positive PCR tests divided by the total
number of person-days at risk. The number of
days at risk for each individual in the sample was
determined as the number of days from 90 days
after the first positive test until the first positive
test or the end of our study period, whichever
occurred earlier. In the event of death, follow-
up time was censored. This non-informative
censoring mechanism essentially assumed a
similar infection rate would have been detected
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among those who died if they had survived, as
it was observed among survivors with the same
exposure status (whether previously infected or
uninfected). Moreover, the rate ratio (RR) and
accompanying 95% CI were estimated. The
approach of assessing vaccination effectiveness
by using observational data was used to compute
protection against recurring infections and was
calculated as 1-RR. The incidence of PCR-
positive infections per at-risk day according to
baseline antibody status was also calculated.
The calculated proportions were reported using
exact 95% Cls (Clopper-Pearson). P<0.05 was
considered statistically significant.

From the first tests on 20 April 2020 to 18
February 2021, Iran’s capacity for COVID-19
screening and performing PCR testing for SARS-
CoV-2 increased significantly, with approximately
a daily average of 45.22 tests among HCWs and
1,947 tests among the general population was
performed. By the end of this study period, 13,749
HCWs were tested at least once, accounting for
more than two-thirds of the population of 22,195
active HCWs in the Province. Besides, a total
of 30,546 PCR tests were performed during
the study period. Figure 1 demonstrates the
frequency and proportion of positive COVID-19
among HCWs in comparison to the total test

performed among healthcare workers.

In the present study, there were no cases
of mortality. Patients who were diagnosed with
COVID-19 remained in follow-up. Based on
the database, 5,349 (38.9%) HCWs contracted
COVID-19, and 8,400 (61.1%) remained virus-
free. During the first 90 days of the study, 943
(17.6%) of the infected patients had a positive
PCR test and therefore contributed to the
previously infected group. Figure 2 demonstrates
the frequency of positive COVID-19
in the general population and healthcare
workers, while figure 3 demonstrates the related
proportion. It is worth mentioning that in the
present study, the ratio of HCWs to the general
population was 5-1000 people.

141 (2.64%) of the patients in our follow-up
had a second episode of COVID-19 diagnosis
after the complete alleviation of symptoms and/
or a negative SARS-CoV-2 PCR following
the treatment of the first episode. The interval
between COVID-19 diagnosis was classified as
90 or more or less than 90 days and was labeled
as reinfection or reactivation, respectively. Based
on the data, 44 (31.2%) cases of reactivation and
relapse, and 97 (68.8% of infected and 1.81% of
total HCWs) cases of reinfection were observed
among 141 diagnosed cases of COVID-19. Table 1
summarizes the overall features of the HCWs with
COVID-19, and table 2 compares the first and
second episodes of COVID-19 in these patients.
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Figure 1: The proportion of healthcare workers that tested positive for coronavirus disease 2019 (COVID-19) compared to the]
total number of performed tests among healthcare workers. (Primary axis, Percentage); along with the frequency of positive

COVID-19 among healthcare workers compared to the total tests performed among healthcare workers. (Secondary axis,
Frequency). Green: Positive healthcare worker/test performed healthcare workers (%); Blue: Test performed healthcare workers|
(n); Orange: Positive healthcare worker (n)
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Figure 2: The prevalence of positive coronavirus disease 2019 (COVID-19) among the general population and healthcare]
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Figure 3: The proportion of positive coronavirus disease 2019 (COVID-19) cases among healthcare workers was compared
to the total number of positive cases of COVID-19 in the general population. Blue: Positive healthcare worker/positive general

population; Orange: Healthcare worker/general population

Based on the patient’s clinical features,
repositivity and relapse were classified into one
group and compared with reinfection. There
was no significant difference between these
two groups in terms of total symptoms or each
episode of infection (first, second, or overlapping)
of patients with COVID-19 reinfection compared
with HCWs with relapse/repositivity (P=0.65,
0.44, 0.054, and 0.16, respectively). Similarly,
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radiologic involvement did not reveal any
significant correlation (P=0.44, 0.80, 0.37, and
0.73, respectively). Furthermore, there was no
significant difference between the two groups
in terms of total hospitalization, frequency of
hospitalization during the first and second
episode, or hospitalization overlap (P=0.12, 0.46,
0.09, and 0.19, respectively). When comparing
the two groups, admission to the intensive
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Table 1: Overall features of the healthcare workers with COVID-19

Variables Total Reinfection Relapse Re-positivity P value*
Age (y, mean+SD) 35.00+7.18 35.70+7.43 33.46+7.95  33.43%575 0.29
Age group 21-30 49 (35) 31 (63.2) 6 (12.2) 12 (24.4) 0.79
n (%) 31-40 64 (45.7) 44 (88.7) 7 (10.9) 13 (20.3)

41-50 23 (16.4) 17 (73.9) 1(4.3) 5 (21.5)

51-60 4(2.9) 3 (75) 1(25) 0(0)
Sex Male 53 (37.6) 36 (67.9) 6 (11.3) 11 (20.7) 0.99
n (%) Female 88(62.4) 59 (67.0) 10 (11.3) 19 (21.5)
Occupation Specialist and GP 8 (5.6) 5(62.5) 1(12.5) 2 (25) 0.85
n (%) Nurse 76 (531) 48 (63.15) 10 (13.15) 18 (23.68)

Technician 16 (11.2)  12(75.0) 1 (6.25) 3 (18.75)

Office 43 (301) 32 (74.41) 5 (11.62) 6 (13.95)
Hospital COVID-19 Specific 46 (31.9) 24 (52.17) 7 (15.21) 15 (32.60) 0.02
n (%) Non-COVID-19 hospital 98 (68.1) 73 (74.48) 10 (10.20) 15 (15.30)
Comorbid diseases ~ Yes 25(17.4) 17 (68.0) 3 (12.0) 5 (20.0) 0.99
n (%) No 119 (82.6) 80 (67.22) 14 (11.76) 25 (21.0)

*Chi square test or Fisher’s exact test. Re-positivity: Positive RT-PCR following negative tests in an asymptomatic patient up to
90 days from the first episode; Relapse: Clinical recurrence of symptoms compatible with COVID-19 accompanied by positive/
persisting RT-PCR within 90 days of primary infection, and supported by the absence of epidemiological exposure or another
cause of the illness; Reinfection: >90 days or <90 days+if clinical symptoms of the first episode resolved, and two PCR tests
were negative before the new episode. GP: General physician

care unit (ICU) was similarly a non-significant
predictor (P=0.25). As previously established,
there was no significant difference in the clinical
presentation between HCWs with reinfection
and those with relapse/repositivity.

The participants of the present study were
followed for a period of 304 days, with 5349
(38.90%) individuals contributing exposed
periods,12,806 (93.14%) contributing unexposed
periods, and 4406 contributing both, with a total
of 97 reinfections. During the study, 4406 of the
12,806 participants had an infection (contributing
41,571 days), while 8400 remained uninfected
(contributing 1,965,106 days). The infection
rate during follow-up was estimated based on
confirmed new/person days/1000; in which the
daily rate of infection was 4.72 for previously
infected HCWs, while it was 2.20 for HCWs

without previous infection. When individuals who
had previously tested positive were compared
with those who had previously only tested
negative, the RR of infection was 0.052 (95% ClI:
0.043-0.064). As shown in table 3, the estimated
protection against subsequent SARS-CoV-2
infection was 94.8% (95% CI: 93.6-95.7).

The proportion of SARS-CoV-2 infection
among HCWSs to the general population
during and between surges was evaluated;
and the findings are presented in figure 4.
During and after the first surge (i.e., 23 February
2020-4 May 2020, and before June 2020),
1,115 and 2301 people were PCR positive,
including 75 (6.72%) and 33 (1.43%) HCWs,
respectively. During the second surge (i.e.,
before June 2020-15 August 2020), 32,001
people were PCR-positive, of whom 1075
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Figure 4: Based on the three COVID-19 surges in Fars Province, Southern Iran, the proportion of coronavirus disease 2019
(COVID-19) among HCWs was compared to the general population. (First surge: 23 February 2020-4 May 2020, Second surge:
[June 2020-15 August 2020, Third surge: 28 September 2020-12 December 2020), as well as the interval between the surges|

(between first and second, second and third, and third till the end of the study period, respectively). Blue: During surge; Orange:
Between surges
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Table 2: Comparison of the first and second episodes of COVID-19 among healthcare workers

Variable Frequency (%)

Reinfection (n=97) Total First episode Second episode Overlap
Symptoms

Gastrointestinal 56 (57.7) 29 (29.9) 49 (50.5) 22 (22.7)
Neurological 81(83.5) 46 (47.4) 75 (77.3) 40 (41.2)
Respiratory 75 (77.3) 42 (43.3) 71 (73.2) 38 (39.2)
Asymptomatic 23 (23.7) 22 (22.7) 1(1) 0 (0)
Flu-like symptom 96 (99) 65 (67) 95 (97.9) 64 (66)
Cardiovascular 50 (51.5) 19 (19.6) 47 (48.5) 16 (16.5)
Others 14 (14.4) 8(8.2) 8(8.2) 2(21)
CT and CXR involvement 49 (50.5) 26 (27) 38 (39) 15 (14)
Hospitalization 14 (14.4) 8 (8) 7(7) 1(1)
ICU Admission 3(3.1) 0(0) 3(3.1) 0 (0)

O, therapy 2(2) 2(2) 0 (0) 0 (0)
Relapse (n=15)

Symptoms

Gastrointestinal 13 (87) 5(29.4) 12 (70.6) 4 (23.5)
Neurological 15 (100) 11 (64.7) 14 (82.4) 10 (58.8)
Respiratory 13 (87) 6 (35.3) 12 (70.6) 5(29.4)
Asymptomatic 4 (23.5) 4 (23.5) 1(5.9) 1(5.9)
Flu-like symptom 14 (93.3) 12 (70.6) 14 (93.3) 12 (70.6)
Cardiovascular 9 (6) 4 (23.5) 8 (47.1) 3 (17.6)
Others 2 (13.3) 1(5.9) 1(5.9) 0 (0)

CT and CXR involvement 12 (8) 8 (53) 9 (60) 5(33)
Hospitalization 2 (13.3) 1(6.7) 2 (13.3) 1(6.7)
ICU Admission 0 (0) 0 (0) 0 (0) 0 (0)

O, therapy 0 (0) 0 (0) 0 (0) 0(0)
Re-positivity (n=29)

Symptoms

Gastrointestinal 17 (58.6) 8 (26.7) 14 (46.7) 5(16.7)
Neurological 23 (79) 13 (43.3) 20 (66.7) 10 (33.3)
Respiratory 22 (76) 7 (23.3) 19 (63.3) 4 (13.3)
Asymptomatic 0 (0) 0 (0) 0 (0) 0 (0)
Flu-like symptom 29 (100) 24 (80) 27 (90) 22 (75.8)
Cardiovascular 14 (48.2) 4 (13.3) 14 (46.7) 4 (13.3)
Others 3(10.3) 2(6.7) 1(3.3) 0 (0)

CT and CXR involvement 16 (55.2) 5(17) 14 (48) 3(10)
Hospitalization 6 (20.7) 1(3.4) 6 (20.7) 1(3.4)
ICU Admission 0 (0) 0 (0) 0 (0) 0(0)

O, therapy 0 (0) 0 (0) 0 (0) 0 (0)

Overlap: Patients who presented with a similar set of symptoms in both the first and second surge. Flu-like symptoms: Fever,
chills, sore throat, sweating, myalgia, severe weakness, rhinorrhea, nasal congestion; Cardiovascular: palpitation, chest pain;
Gastrointestinal: Abdominal pain, diarrhea, vomiting, loss of appetite; Neurological: Headache, anosmia, decreased level of
consciousness, redness of the eye; Respiratory: Cough, dyspnea. ICU: Intensive care unit; COVID-19: coronavirus disease

2019; CT: Computed tomography; CXR: Chest X-ray.

(3.35%) HCWs were PCR-positive. After the
surge (i.e., before 28 September 2020), 461
(3.15%) HCWs were PCR-positive in a total of
14,608 people with positive tests. In the third
surge (i.e., 28 September 2020-12 December
2020), 102,294 people were PCR positive, with
3,370 (3.29%) HCWs were included, 14,897
people were positive after the surge (before 18
February 2021), with 335 (1.92%) HCWs were
included. Interestingly, there was a significant
difference in the proportion of HCWs to the
general population between the first surge and
the second surge (P<0.001), as well as the first
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surge and the third surge (P<0.001). However,
there was no significant difference between the
second and the third surges (P=0.60).

In the present study, to further evaluate the
reinfection rate between surges, we calculated
the number of cases of reinfection and divided
it by the different periods, which included 72,
76, and 78 days for the first, second, and third
surges, respectively, and also 27 and 45 for
the first two, and second and third intervals,
respectively. The number of reinfections during
our time period based on the surges included
0, 7, and 82 for the first, second, and third surges,
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Table 3: Comparison of infection and reinfection rates and estimated protection against reinfection with severe acute

respiratory syndrome coronavirus 2 in healthcare workers
Period Population

Confirmed new infection Person days

Rate ratio (95% Cl) Estimated protection

during follow-up of follow-up (95% Cl)
Exposed 5,349 97 20,562 0.052 (0.043-0.064) 94.8% (93.6-95.7)
Unexposed 12,8062 4406 2,006,677° 1 (ref) -

The comparison is made based on days of exposure and during follow-ups based on Poisson regression analysis. Exposed
periods are periods of follow-up time contributed by individuals with previous infection; unexposed periods are contributed by
individuals without a previous infection; # 4,406 were infected during the study and 8,400 uninfected; ® 41,571 related to the

infected group and 1,965,106 related to the uninfected group.

Reinfection rate during surges

1.000

0.800

0.600

0.400

0.200

1.051

First surge Firstand second Second surge Second and third  Third surge

surge interval

surge interval

Figure 5: Number of cases of reinfection with severe acute respiratory syndrome coronavirus 2 during each surge and interval

lamong healthcare workers in Fars Province.

respectively, as well as eight cases of reinfection
between the second and third surges. Figure 5
demonstrates the reinfection rates in our study
over different time periods.

It is also worth mentioning that 5,855 HCWs
underwent one PCR, 470 had two PCRs, 42 had
three PCRs, and three underwent four episodes
of PCR.

In this study, different episodes of COVID-19 in
HCWs using terms provided by recent reports,'®
such as re-positivity, relapse, and reinfection,
as appropriate investigative measures were
evaluated. Following the main objective of this
study, it was found that after an episode of
SARS-CoV-2 infection, HCWs had an estimated
94.8% protection against recurring infections.
The finding of this study provided useful insight
into the events that occur after each COVID-19
episode, and they may also influence how we
consider our approaches to providing proper
and optimum preventative measures.

Since the beginning of the pandemic, HCWs
have been at a very high risk of SARS-CoV-2
infection. A study of Australian HCWs found that
the risk of SARS-CoV-2 infection was threefold
higher in HCWs than in the general population.?'
While the present study indicated that during
the three surges of COVID-19 occurring from
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20 April 2020 to 18 February 2021, in Fars
Province, 6.72%, 3.35%, and 3.29% of the total
population were HCWs, respectively. Similarly,
Laursen and others reported positive PCR tests
in 4.9% of Danish and Swedish HCWs from
June to August 2020, while also suggesting
that customer/patient contact was a significant
predictor contributing to seropositivity.?? In a
previous study, we reported an infection rate of
5.62% among HCWs in our Province. However,
this report was prepared during the early stages
of the pandemic, when sufficient efficient
protective measures were not implemented.?
The risk of SARS-CoV-2 infection and/or
reinfection was higherin HCWs than in the general
population. While a number of seroprevalence
studies indicated comparable observations,?3-26
high occupational exposure and ease of access
to testing equipment (PCR, CT) were regarded
to be the two main causes for the discrepancy
between this group and the general population.
According to an Australian simulation study, 6 to
14 staff members contact an infected patient in
the emergency room per day.?” In addition, Iversen
and others found that front-line HCWs were at 1.3
times higher risk of infection than other HCWs.2®
Furthermore, due to higher knowledge about
COVID-19 and its symptoms, and also easier
access to testing equipment, more tests are
performed by HCWs, deeming it less likely for an
infection to go unreported. In this regard, Hansen
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and others conducted a study using Denmark’s
national database and found that each HCW had
a median of 10 PCR tests (IQR 9-12) performed
in the year 2020.2° While HCWs have higher
knowledge of COVID-19 and its symptoms, Erfani
and colleagues showed that despite having this
awareness, this group had lower levels of positive
CQOVID-19 practice.?® This can also be a matter
of concern in case of reinfection, where a false
sense of safety following earlier infection might
cause HCWs to underestimate their need for
protective measures.

As previously stated, the main finding of the
present study suggested that after an episode of
SARS-CoV-2 infection, HCWs gain an estimated
94.8% protection against subsequent infections
of this type. Our findings supported the findings
of numerous previous studies conducted in the
US, the UK, Denmark, and Qatar, which reported
reinfections were rare, occurring in less than 1% of
allCOVID-19 cases."#20.30.31 |n a study in Denmark,
28,875 individuals contributed to exposed time
periods, 138 of them were later diagnosed with
reinfections. This study reported an estimated
protection of 78.8% among the participants.?® A
research in the UK on 20,000 HCWs, indicated
that the risk of SARS-CoV-2 infection was reduced
by 83% after 5 months.®2 One explanation for the
high estimated rates of protection in HCWs against
recurring infections might be that they were at a
higher risk of primary infection than the general
population, resulting in higher levels of acquired
post-infection immunity lasting up to 6 months." 8
Therefore, it was considered less likely to be prone
to reinfections. Nevertheless, further investigation
is required to validate this statement.

According to certain research, reinfections
may occur at a more severe level due to antibody-
dependentenhancements, or the development of
other strains of the virus with higher virulence.” 32
A more severe reinfection event may occur as
the result of antibody-dependent enhancement,
or it may rely on the virulence of the strain and
its inoculum.” ®2 Furthermore, observations of
more severe cases might reflect a bias toward
testing symptomatic cases.*

One of the limitations of the present study
was recall bias, in which the participants may
or may not recall the specifics of their previous
infections. Another limitation was the lack of
information on infection rates in the general
population, which made it difficult to compare the
demographic features of HCWs to those of the
general population. Moreover, the short duration
of follow-up was considered another limitation
of this study. Hansen and others reported little
evidence that the degree of protection against
recurring infection, as measured by PCR
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positivity, conferred by the previous infection
varied by age group below age 65 years.
However, protection against recurring infection
was lower in those aged 65 and older than in
younger age groups.?° However, further larger-
scale research is required.

Considering that this study was conducted
while vaccination among HCWs in Fars Province
(Iran) had not yet been initiated, the rate and
features of infection and reinfection among
vaccinated HCWs could be a subject of interest
for further research.

SARS-CoV-2 re-positivity, relapse, and

reinfection were quite rare in the HCWs
population. Besides, after the first episode of
infection, an estimated 94.8% protection against
recurring infections was achieved.
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