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ABSTRACT

In response to the COVID-19 epidemic, Egypt established a unique care model based on
quarantine hospitals where only externally-referred confirmed COVID-19 patients were
admitted, and healthcare workers resided continuously over 1- to 2-week working shifts.
While the COVID-19 risk for HCWs has been widely reported in standard healthcare settings,
it has not been evaluated yet in quarantine hospitals.

Here, werelied on longitudinal data, including results of routine RT-PCR tests, collected
within three quarantine hospitals located in Cairo and Fayoum, Egypt. Using a model-based
approach that accounts for the time-since-exposure variation in false-negative rates of RT-
PCR tests, we computed the incidence of SARS-CoV -2 infection among HCWs. Over atotal
follow-up of 6,064 person-days (PD), we estimated an incidence rate (per 100 PD) of 1.05
(95% Crl: 0.58-1.65) at Hospital 1, 1.92 (95% Crl: 0.93-3.28) at Hospital 2 and 7.62 (95%
Crl: 3.47-13.70) at Hospital 3. The probability for an HCW to be infected at the end of a
shift was 13.7% (95% Crl: 7.8%—20.8%) and 23.8% (95% Crl: 12.2%—-37.3%) for a 2-week
shift at Hospital 1 and Hospital 2, respectively, which lies within the range of risk levels
previously documented in standard healthcare settings, whereas it was >3-fold higher for a 7-
day shift at Hospital 2 (42.6%, 95%Crl: 21.9%-64.4%). Our model-based estimates unveil a
proportion of undiagnosed infections among HCWs of 46.4% (95% Crl: 18.8%—66.7%),
45.0% (95% Crl: 5.6%—70.8%) and 59.2% (95% Crl: 34.8%—78.8%), for Hospitals 1 to 3,
respectively.

The large variation in SARS-CoV-2 incidence we document here suggests that HCWs from
guarantine hospitals may face a high occupational risk of infection, but that, with sufficient
anticipation and infection control measures, this risk can be brought down to levels similar to
those observed in standard healthcare settings.

Keywords. COVID-19; SARS-CoV-2; Nosocomial infection; Healthcare workers;
Quarantine hospitals.
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WHAT THISPAPER ADDS
What isalready known on thistopic

Previous studies conducted in standard care settings have documented that frontline
healthcare workers (HCWs) face high risk of COVID-19. Whether risk levels differ in
alternative care models, such as COVID-19 quarantine hospitals in Egypt where HCWs
resided in the hospital days and nights for various durations, is unknown.

What thisstudy adds

COVID-19 risk for HCWs in quarantine hospitals varies substantially between facilities, from
risk levelsthat arein the range of those documented in standard healthcare settings to levels

that were approximatively 3 times higher.
How thisstudy might affect resear ch, practice or policy

With sufficient anticipation and infection control measures, occupational COVID-19 risk for
HCWs working in quarantine hospitals can be brought down to levels similar to those
observed in standard healthcare settings.
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INTRODUCTION

Healthcare settings have faced multiple challenges related to the currently ongoing severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) pandemic. They have notably had
to deal with influxes of infected patients across successi ve epidemic waves while controlling
the risk of nosocomial spread to other patients and staff. As aresult, healthcare workers
(HCWs) have been a population of interest in terms of risk assessment and control measure

implementation [1].

At early stages of the pandemic, Egypt was identified as one of the African countries most
vulnerable to SARS-CoV-2 importation [2]. On February 14, 2020, Egypt reported the first
confirmed case of coronavirus disease 2019 (COVID-19) in Africaand remained among the
five African countries most assigned by the COVID-19 epidemic up to the end of 2020 [3].
From February 14 to August 31, 2020 (the period to which we refer to as the first wave), the
COVID-19 epidemic in Egypt resulted in about 9,700 confirmed infections and 5,500 deaths
reported nationally [4]. These numbers most certainly reflect underreporting of the real
number of infections, due to the high proportion of asymptomatic SARS-CoV-2 infection
[5,6] and limited testing.

To mitigate the high risk of SARS-CoV -2 spreading, Egypt established a unique care model
under supervision from the World Health Organization, whereby specific hospitals were
assigned as quarantine hospitals for patients with COVID-19, and where dedicated medical
teams stayed in the hospital days and nights during working shifts of various durations [7].

While the quarantine-hospital strategy has the potential to be highly efficient in terms of
patient care, as well asin limiting the potential spread of the virus from hospitals into the
community, itsimpact on infection risk for HCWs remains understudied. One theoretical
modelling study assessing healthcare working force organization found that alternating HCW
teams by 1-week periods may reduce the overall number of infected HCWSs [8]. On the other
hand, to the best of our knowledge, previous epidemiological studies focusing on the infection
risk faced by Egyptian HCWSs have been conducted in non-quarantine settings exclusively [9—
11]. Yet, the quarantine strategy was adopted again to face the second wave of the COVID-19
epidemic at the national level, and could be adopted for future epidemic wavesin Egypt

and/or in other countries [12].
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Here, we used mathematical modelling to estimate the risk of SARS-CoV -2 infection among
HCWs participating in quarantine-hospital interventions, relying on detailed longitudinal data
collected in three Egyptian healthcare facilities during the first wave of the COVID-19
epidemic.
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METHODS

Sudy settings

Datawas collected within three Egyptian hospitals (hereafter denoted by Hospl, Hosp2 and
Hosp3) located in Cairo (Hospl and Hosp3), and Fayoum (middle Egypt, Hosp2), that were
temporarily transformed into quarantine hospitals during the first COVID-19 wave. During
the quarantine-organization period (Hospl: March 14th to August 1st, 2020; Hosp2: April 1st
to July 31th; Hosp3: June 6th to July 11th, 2020), only externally-referred COVID-19
confirmed patients were admitted to these hospitals for medical care. Multidisciplinary
medical teams fully dedicated to COVID-19 patient management worked in total isolation,
organized by shifts (Hospl: 2-week shifts; Hosp2: 1 to 2-week shifts; Hosp3: 1-week shifts).
During their shift, HCWs were assigned either to intensive care units (ICU) or non-1CU.
HCWs were screened for SARS-CoV -2 infection before starting a working shift using rapid
serological IgM/IgG antibody tests (Artron laboratories Burnaby, Canada; sensitivity: 83.3%,
specificity: 100% [13]). Only HCWswith no SARS-CoV-2 antibodies were allowed to start
working in the hospital; except for the last shift in Hosp3, where staff recruitment relied
exclusively on HCWs who had been previously infected (positive serological tests), and were
additionally tested using reverse transcription-polymerase chain reaction (RT-PCR) on
nasopharyngeal swabs, obtaining negative results. During the working shifts, HCWs were
tested for SARS-CoV -2 infection using RT-PCR tests: i) routinely at the end of the shift, ii)
upon symptoms, and iii) in case of outbreak suspicion (>2 positive tests anong HCWS).
HCWs testing negative at the end of the shift were then released for self-isolation at home for
two weeks. HCWs testing positive before or during their shift self-isolated at homein the case
of presenting no or mild symptoms, or were admitted to the same quarantine hospital for

medical carein the case of presenting moderate to severe symptoms.
Observed risk of SARS-CoV-2 infection

Crude incidence rates were obtained from the number of incident SARS-CoV-2 infections
observed (ie, diagnosed during or at the end of a shift) among HCWs screened as seronegative
for SARS-CoV-2 before their working shift. Incidence rate ratios were obtained through a

Poi sson regression adjusted by hospital and by type of care unit (ICU/ non-ICU). In addition,
we computed the attack rates over each working shift, based on the observed infections

among HCWs having a negative screening test at the beginning of the working shift.
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Observed per-shift attack rates of were considered to be healthcare-associated outbreaks
among HCWs.

Modéd -based estimates of the incidence rate of SARS-CoV-2 infection

An important feature arising from COVID-19 surveillance within quarantine hospitalsis
potential right-truncation of datac HCWSs infected a short time before the end of a shift are
likely to remain undiagnosed despite the systematic testing at the end of shifts, especialy if
the test is performed early in the incubation period. We thus devel oped the following
mathematical model to estimate the incidence rate of both diagnosed and undiagnosed SARS-

CoV-2 infections.

We simulated the daily number of incident infections among HCWSs, Xﬁ,i based on an

unobserved binomial process:
Xii~Bin(n = Si;,p = 2)

where k denotes the working shift, i denotes the day within the shift, 4 is the hospital unit of

HCWSs assignments (4 € {ICU, Non-ICU}), S}ii denotes the number of susceptible HCWs

assigned to A, at the beginning of the i-th day of shift k and A denotes the constant daily
probability of SARS-CoV-2 infection faced by HCWSs. The number of susceptible HCWs was
updated on adaily basis:

A oh A
Ski+1 = Ski — Xk,

To model right-truncation in the surveillance data, we simulated an observation process
representing the systematic RT-PCR testing of HCWs at the end of each shift, accounting for
documented variation in test sengitivity as afunction of time since infection [14]. The period

of time since infection was computed as j, — i, where j, denotes the day at the end of shift k

(i.e., the day when testing was performed) and i denotes the day of infection. Then, the daily
number of incident infections eventually diagnosed at the end of the -th shift was given by

A _ VA
Ik,l - Xk,lejk—l
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where 6 i —i denotes the probability of testing positive to RT-PCR, j, — i days after

infection.

We used a Bayesian Markov Chain Monte-Carlo (MCMC) approach to estimate the
parameter A that best fitted the observed number of infections. We assumed that A was
constant over the study period. We considered a non-informative uniform prior distribution
~U(0,1) for A and the following binomial likelihood function:

Z,N;f,'{q Y IA. TNyt S A ThiNii ~Zi N
k,i ki'lk,i kilk,i

L(1|data) = H ) (—A ) (1 _ Skl ) ,
4 ,;iN":i Dk Ski Zk,iSk,i

where Y ; N,f,'f and Y ; N,if denote the total number of susceptible HCWs (denoted by the
superscript S) and the total number of HCW infected and diagnosed with COVID-19
(denoted by the superscript /), observed in hospital unit A, during the study period,

respectively. The model was thus fitted to the total number of observed infectionsin each
hospital unit.

Medians and 95% credibility intervals (Crl) for A were computed from posterior samples
obtained after 10,000 model runs. The chains were visually inspected for convergence. For
each hospital, we further estimated the probability for a susceptible HCW to be infected at the
end of a shift as

P(Infected at shiftend) = 1 — (1 — 1)¢,
where d isthe length of the working shift, in days.

Finally, to assess the proportion of undetected infections among HCWSs, we ran our model on
each hospital, using the posterior distributions for A, to obtain an estimate for the real number
of SARS-CoV-2 infections in each hospital (both diagnosed and undiagnosed), over the study
period.

The numeric implementation of the model was coded in R 4.0.3 [15], using the FME package
[16] for parameter estimation.
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Ethical approval

This study was approved by the Research Ethics Committee (REC) of the Central Directorate
of Research and Health Development and Reviews at the Egyptian Ministry of Health and
Population (Seria: 25-2020/16), and by REC for human subject research at the Faculty of
Medicine, Helwan University (Serial: 50-2020).
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RESULTS

The study period covered ten 2-week shiftsin Hospl, nine ~2-week shiftsin Hosp2 and five
1-week shiftsin Hosp3. The mean (min—-max) number of HCWs per shift was 46 (34—63) in
Hospl, 15 (5-26) in Hosp2 and 19 (16-20) in Hosp3 (Table 1). Over atotal follow-up of
8,733 person-days (PD), 54 SARS-CoV-2 infections were observed (ie., diagnosed by RT-
PCR) among 722 HCWs showing no evidence of SARS-CoV -2 antibodies at the beginning of
their shifts, across the three hospitals. This represented an overall incidence rate of 0.62 (95%
Cl: 0.45-0.78) diagnosed SARS-Cov-2 infections per 100 PD (Table 2). A significantly
higher incidence rate was observed for HCWs working at Hosp3 as compared to the other two
hospitals; and HCWs working in non-ICU units tended to be more at risk than HCWs
working in ICU, though this difference was not statistically significant (Table 2).

Table 1. Hospital characterigtics.
Quarantine organization period, location and mean number of HCWs and patients by hospital (Hospl1, Hosp2
and Hosp3). Abbreviations: HCW's = Healthcare workers, PD = person-days.

Hospl Hosp2 Hosp3
Quarantine organization period March 14 — August 1 April 1-Jduly 31 June 6 — July 11
Location Cairo Fayoum Cairo
Mean daily number of patients (min—

62 (0-108) 37 (0-103) 8 (0-20)
max)
Mean number of HCWs per
] ) 46 (34-63) 15 (5-26) 19 (16-20)

shift (min—-max)
Shift duration 14 days 7-14 days 7 days

10


https://doi.org/10.1101/2020.12.21.20248594
http://creativecommons.org/licenses/by-nc/4.0/

medRXxiv preprint doi: https://doi.org/10.1101/2020.12.21.20248594; this version posted February 10, 2022. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY-NC 4.0 International license .

Table 2. Observed risk of SARS-CoV-2 infection among HCW s, by hospital and by hospital unit.

A total of 54 infections were observed (ie., diagnosed before or at the end of a shift) over 8,733 person-days, in
the three hospitals (Hospl, Hospl and Hosp3). Crude rates of SARS-CoV-2 infection among HCW's by hospital
and by hospital unit: intensve and non-intensive care units and 95% confidence intervals. A Poisson regression
adjusted by hospital and by hospital unit was performed on the observed infections to obtain the incidence rate
ratios and 95% confidence intervals. Abbreviations: Cl = confidence interval, ICU = intensive care unit, IRR =
incidence rate ratio, PD = person-days.

Observations Cruderates Adjusted Poisson Regresson
Rate per
Events PD ' o FE’D 95% ClI IRR 95% ClI p
Hospl 28 6258 0.45 0.28-0.61 1 ref -
i
% Hosp2 1 1808 0.61 0.25-0.97 1.49 0.74-2.87 0.28
T
Hosp3 15 667 2.25 1.1-3.39 5.59 3.13-10.01 <0.001
3 ICU 15 2628 057 0.28-0.86 1 ref -
55
o)
T Non-ICU 39 6105 0.64 044084 149 0.85-2.59 0.16

Healthcare-associated outbreaks among HCW s (observed attack rates of ) represented ~70%
(38/54) of al SARS-CoV-2 infections observed over the study period (Figure 1). Two of
these outbreaks occurred in Hosp2 with 30% (3/10) and 24% (5/21) of HCWSs being infected
over two different working shifts. An outbreak where 36% of HCWs were infected (16/44)
occurred in Hospl around the same time period. Two outbreaks took place later on in Hosp3,
leading to, respectively, 30% (6/20) and 40% (8/20) of susceptible HCWSs being infected over
two different shifts. Of note, each outbreak resulted in infections in both ICU and non-ICU.
For the last shift in Hosp3, staff recruitment relied exclusively on HCWs who had been
infected during the first or the second shifts. This likely prevented HCWs in Hosp3 from
becoming infected during the last shift (cf. Figure 1).
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Figure 1. Per-week number of infections by hospital unit.

For a given working shift, healthcare workers were assigned to either the intensive care unit (ICU, yellow) or a
non-ICU (blue). Dates are given in weeks, denoted by the prefix W followed by the week number of year 2020.
Hospl was established as a quarantine hospital from March 14th to August 1st (W11 to W31), Hosp2 from April
1st to July 31th (W14 to W31) and Hosp3 from June 6th to July 11th (W23 to W28). In Hospl and Hosp2, most
infections occurred in non-1CU units. Per-shift attack rates are shown above the bars. Of note, only previously
infected HCWs worked during the last two shifts (W27 and W28) in Hosp3.

To estimate the mean incidence rate of both observed and unobserved infections in each
hospital, we ran our model considering a constant risk, , over the whole study period, in each
hospital unit. The chains for A, for the three hospitals, are depicted in the Supplementary
Figure 1. We estimated significantly different risk levels between the three hospitals
(Kolmogorov-Smirnov test; p-value ), with an incidence rate of 1.05 (95% Crl: 0.58-1.65) per
100 PD in Hosp1l, 1.92 (95% Crl: 0.93-3.28) per 100 PD in Hosp2 and 7.62 (95% Crl: 3.47—
13.70) per 100 PD in Hosp3.

The probability for aHCW to be infected at the end of a working shift was estimated at
13.7% (95% Crl: 7.8%—20.8%) and 23.8% (95% Crl: 12.2%—-37.3%) for 2-week shifts at
Hospl and Hosp2, respectively, whereas a much higher probability of 42.6% (95% Crl:
21.9%-64.4%) was found for a 7-day shift at Hosp3 (see Table 3). These probabilities
become 7.1% (95% Crl: 4.0%-11.0%) and 12.7% (95% Crl: 6.3%—20.8%), for Hospl and
Hosp2, respectively, if 7-day shifts are considered as well, for easier comparison (Table 3).
Given the notabl e differences between hospitals (Figure 1), we did not assess infection risk by

care unit across hospitals, but within each hospital.

The posterior distributions for the incidence rate A yield the following model-based median
numbers of total SARS-CoV -2 infections: 59 (95% Crl: 45-74) at Hospl, 31 (95% Crl: 14—
52) at Hosp2 and 41 (95% Crl: 19-63) at Hosp3 (Table 3), which unveils a proportion of
undiagnosed infections among HCWSs of 46.4% (95% Crl: 18.8%—66.7%), 45.0% (95% Crl:
5.6%—-70.8%) and 59.2% (95% Crl: 34.8%—78.8%), respectively.
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We further ran our model on each hospital unit, on each hospital, which confirmed a notable
difference between Hosp1—-2 and Hosp3: our results suggest that HCWs working in Hospl
and Hosp?2 face a higher risk when assigned to non-1CU, as compared to those assigned to the
ICU; whereas HCWs in the ICU of Hosp3 face higher risk (see Fig. 1 and Table 3).

Table 3. Model-based estimates of all SARS-CoV-2 infections

The model-based estimates of the incidence rate, the probability of infection for a 7-day working shift and the
estimated number of SARS-CoV-2 infections in each hospital, over the study period. Running our model for
each type of care unit (ICU and non-1CU) in each hospital unveilsthe differencein the risk faced by HCWs
between the three hospitals of our study. Indeed, HCWs working in Hosp1 and Hosp2 face a higher risk when
assgned to non-1CU, as compared with those working in the ICU; whereas HCWsin Hosp3 face a slightly
higher risk when assigned to the ICU. All estimates concern both diagnosed and undiagnosed infections (all),
unless otherwise stated (diagnosed). Abbreviations: Crl = credibility interval, ICU = intensive care unit, PD =

person-days.
. i o Median number of
Median estimated incidence rate SARS-CoV-2 infecti
o oV-2infections
per 100 PD (95% Crl) Probability of .
infection for a 7- (95% Crl)
day shift (95% Proportion of
ICU Non-ICU Overall Crl) Al Diagnosed undiagnosed
infections
Hosol 0.59 127 1.05 7.1% 59 31 46.4%
L (011-161) (068201  (0.58-1.65) (4.0%-11.0%)  (45-74) (15-51) (18.8%66.7%)
Hoso2 133 2.75 1.92 12.7% 31 17 45.0%
P (033333 (112-502)  (0.93-3.28) (6.3%-20.8%) = (14-52) (7-31) (5.6%-70.8%)
Hosp3 9.37 712 7.62 42.6% 41 16 59.2%
3 (348-1966) (206-18.71) (347-13.70)  (21.9%64.4%)  (19-63) (6-30) (34.8%-78.8%)
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DISCUSSION

Here, we studied the risk of incident SARS-CoV -2 infection among HCWs residing days and
nights in quarantine hospitals, relying on detailed longitudinal data collected during the first
wave of COVID-19 in Egypt. We found that most diagnosed infections (70%) occurred
during what we defined as healthcare-associated outbreaks (as compared to isolated
infections). We observed high variability in nosocomial incidence, ranging from 0.45 to 2.25
infections per 100 PD across the three hospitals. Using a model-based approach, we
estimated the risk of both diagnosed and undiagnosed SARS-CoV -2 infections among HCWS,
by hospital and by hospital unit (ICU and non-ICU). We further estimated that a substantial
proportion of infections may have remained undetected, ranging from 45.0% to 59.2% across

the three hospitals.

Our study design has several limitations. First, screening HCWSs using serological tests before
starting their working shifts may not detect active infections at the time of testing. Indeed,
antibodies may be detected by serological tests in less than 40% of infected individuals within
7 days since symptoms onset, reaching higher detection levels at day 16 after symptom onset
[17]. Hence, serological screening may allow recently infected HCWs —who are probably
infectious— to start a working shift. However, the Egyptian public health authorities’ choice of
a protocol relying on serological tests before working shifts was mainly driven by material
constraints. Indeed, the use of rapid serological tests as a diagnostic tool was and remains of
particular interest in limited-resource contexts due to their lower cost, the minimal equipment
required, and faster results, as compared with RT-PCR tests [18]. Second, the assumption of a
constant overall risk of infection among HCWs disregards dynamic fluctuations in risk driven
by variation in the number of HCWs and/or patientsin the hospitals, as well as the frequency
and nature of HCWS' contacts during their working shifts. This simplification was madein
order to estimate average transmission rate first; fine reproduction of transmission dynamics
were left for future work. Third, despite the quarantine strategy being adopted nationally, the
differences between the organizations of each of the three hospitals (working shifts lengths,
guarantine-organization period) resulted in some difficultiesin comparing the risk estimations
across the three hospitals. Data from other hospitals that have adopted a quarantine strategy
will be beneficial to better understand occupational risks and eventually study the

performance of such a strategy in comparison to standard care settings.
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We found a ~5-fold higher observed risk for Hosp3 as compared with the risk found in
Hospl; whereas the risk of infection at Hosp2 was just slightly higher. The higher risk of
SARS-CoV-2 infection we report for Hosp3 and the higher risk faced by HCWs assigned to
the ICU of Hosp3 may be partly explained by the short period over which this hospital
adopted the quarantine organi zation, which coincided with the country's highest epidemic
activity of the first wave [4]. This may have led to a high proportion of severe and thus highly
contagious COVID-19 patients referred to quarantine hospitals together with a higher
workload for HCWs. Contrarily, Hospl adopted the quarantine organization in mid-March
2020, and thus experienced several weeks of lower epidemic intensity that may have
improved preparedness for intense COVID-19 activity and implementation of infection

control measures for invasive procedures (e.g., intubation in the ICU).

Our model-based approach, accounting for false-negativity rates of testing, as well asthe
right-truncation of our data, allowed us to estimate the risk of both diagnosed and
undiagnosed SARS-CoV -2 infection among HCWSs, by hospital and by hospital care unit. We
estimated that a rigorous quarantine organization with systematic testing of HCWs at the end
of their working shifts captures only about half of all HCW infections (depending on the
length of the working shift). Of note, the higher proportion of infections that remained
undetected in Hosp3 (59.2%, versus 46.4% and 45.0% in Hospl and Hosp2, respectively)
may be explained by the shorter duration of the working shifts (7 days), which may result in
false-negative tests for HCWs infected a short time before the end of their shift. Moreover,
these results suggest that, in the absence of the quarantine-hospital organization and, more
specifically, in the absence of systematic testing at the end of quarantine working shifts, an
even larger proportion of infections among HCWs may remain undetected, thus putting
HCWSs' close contacts at risk of infection [19] and, consequently, putting themselves at risk
for adverse psychological symptoms [20].

The model-based estimates we found for the SARS-CoV -2 infection risk in Hospl and Hosp2
are consistent with infection point-prevalence reported in earlier studies performed in non-
guarantine Egyptian hospitals (varying from 4.2% to 14.3%) and with incidence estimates
reported among front-line HCWsin the UK (13% infection rate after one month) [10,11,21].
For comparison, asummary of previous results obtained early in the Covid-19 pandemic
and/or specifically in the Egyptian context is presented in Table 4. M oreover, our results
suggest that HCWs assigned to non-ICU face a higher risk than those assigned to the ICU, in
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Hospl and Hosp2, which isin line with what was observed in previous studies addressing the
occupational risk of SARS-CoV -2 infection for HCWSs in non-quarantine settings [22].
Overall, our findings on Hospl and Hosp2 suggest that, providing sufficient preparedness,
HCWs working in quarantine hospitals may not face a higher infection risk, and thus
highlight the benefits of implementing a quarantine-hospital strategy.

Table 4. Our resultsin a context.

Our estimation of the per-shift probability of infection in Hospl-3, along with estimates of the point-prevalence

in other Egyptian studies and the observed cumulative incidence rate among HCWs in an English study.
Indicator Estimate (%) Context Study

128 (7.6-195)  Hospl (14-days shift)

Efelrn?gtlgr: ‘(’ggg'gl) 17.3(75-30.7)  Hosp2 (14-days shift) re(;LJlIrts
482 (238-745)  Hosp3 (7-days shift)

Point-prevalence 42 h%;ﬂfﬁiﬁ?ﬁg{gﬂgg‘gm HCWsin12 1o

Point-prevalence 143 oot iy cre e (=209, 110

Incidencerate 130 Front-line HCWs testing negative at [21]

enrollment.

A notable strength of our study lies in the specific nature of the quarantine hospital set-up:
because HCWs resided continuously in the hospitals over their entire working shifts, we were
able to exclude risk of infection in the community and specifically quantify the nosocomial
risk for HCWs. Conversely, results reported from non-quarantine hospitals worldwide are
generally unable to distinguish between the nosocomial vs. community risk of infection.
However, as most studies conducted in healthcare settings, we were unable to distinguish
between patient-to-HCW and HCW-to-HCW routes of transmission. A previous study on
several nosocomial Covid-19 healthcare-associated outbreaks in Germany reported that
HCW-to-HCW transmission could represent an outsized risk as compared to the one due to
infected patients [24]. Still, assessing the relative contribution between patient-to-HCW
versus HCW-to-HCW SARS-Cov-2 transmission was |eft for future work. However, it is
worth noting that during the outbreaks observed in our study, infections occurred in different
care units, which may prime HCW-to-HCW transmission, rather than simultaneous
independent events of patient-to-HCW transmission. In early stages of the pandemic, personal

protective equipment (PPE) placed a focus on the risk induced by patients, but could have
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contributes to underestimate the risk of infection from —infected and undiagnosed—
colleagues. This may be especially true for quarantine hospitals in which HCWs share resting
and conviviality rooms for longer times than in standard care settings. Adapting the use of
PPE and social distancing between colleagues while ensuring sufficient social interaction and
support to maintain HCWs' mental health thus constitutes a specific challenge for quarantine
hospitals [20].

Preventing nosocomial SARS-CoV -2 infection remains an urgent need, especially in settings
where preparedness does not match the risk faced by HCWs. The large variation in infection
risk we found between hospitals suggests that HCWSs from quarantine hospitals may face a
high risk of infection, but that, with sufficient anticipation and infection control measures, this
risk can be brought down to levels similar to those observed in standard COVID-19 care
settings. A comprehensive assessment of quarantine hospital care models should also include
their impact on HCWs' mental health as well as the potential benefits of earlier infection
diagnosis, which is likely to reduce further hospital, household and community transmission
[20].

17


https://doi.org/10.1101/2020.12.21.20248594
http://creativecommons.org/licenses/by-nc/4.0/

medRXxiv preprint doi: https://doi.org/10.1101/2020.12.21.20248594; this version posted February 10, 2022. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY-NC 4.0 International license .

EMAE-MESuURSworking group on nosocomial SARS-CoV-2 modeling

Audrey Duval®"®, Kenza Hamzi*, Nidls Hendrickx®, Kévin Jean*?°, Sofia Jijén™?, Ajmal
Oodally®"*, Lulla Opatowski®’, George Shirreff®’®, David RM Smith®"*, Cynthia

Tamandjou’ and Laura Temime™?
® Institut Pasteur, Epidemiology and Modelling of Antibiotic Evasion (EMAE), Paris, France

" Université Paris-Saclay, UVSQ, Inserm, CESP, Anti-infective evasion and

pharmacoepidemiology team, Montigny-Le-Bretonneux, France

8]AME, UMR 1137, Université Paris 13, Sorbonne Paris Cité, France

Declaration of interest

The authors declare no conflicts of interest.

Funding

This study was supported by INSERM-ANRS (France Recherche Nord and Sud Sida-HIV
Hépatites, grant number ANRS-COV-19).

Acknowledgments

The authors thank all the dedicated HCWs who contributed to this study.

18


https://doi.org/10.1101/2020.12.21.20248594
http://creativecommons.org/licenses/by-nc/4.0/

medRXxiv preprint doi: https://doi.org/10.1101/2020.12.21.20248594; this version posted February 10, 2022. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.

It is made available under a CC-BY-NC 4.0 International license .

REFERENCES

1

10.

11.

12.

19

Lai X, Wang M, Qin C, et al. Coronavirus Disease 2019 (COVID-2019) Infection
Among Health Care Workers and Implications for Prevention Measures in a Tertiary
Hospital in Wuhan, China. JAMA Netw Open 2020; 3:e209666. Available at:
https://jamanetwork.com/journal s/jamanetworkopen/fullarticle/2766227.

Gilbert M, Pullano G, Pinotti F, et al. Preparedness and vulnerability of African
countries against importations of COVID-19: a modelling study. Lancet 2020;
395:871-877.

Salyer SJ, Maeda J, Sembuche S, et al. The first and second waves of the COVID-19
pandemic in Africa: a cross-sectional study. Lancet 2021; 397:1265-1275. Available
at: http://dx.doi.org/10.1016/S0140-6736(21)00632-2.

WHO. Coronavirus Disease (COVID-19) Dashboard. Egypt. 2020; Available at:
https://covid19.who.int/region/emro/country/eg.

Buitrago-Garcia D, Egli-Gany D, Counotte MJ, et al. Occurrence and transmission
potential of asymptomatic and presymptomatic SARS-CoV-2 infections: A living
systematic review and meta-analysis. PLOS Med 2020; 17:€1003346. Available at:
https://dx.plos.org/10.1371/journal.pmed.1003346.

Yanes-Lane M, Winters N, Fregonese F, et a. Proportion of asymptomatic infection
among COVID-19 positive persons and their transmission potential: A systematic
review and meta-analysis. PLoS One 2020; 15:e0241536. Available at:
https://dx.plos.org/10.1371/journal .pone.0241536.

Medhat MA, El Kassas M. COVID-19 in Egypt: Uncovered figures or adifferent
situation? J Glob Health 2020; 10. Available at:
https://www.ncbi.nlm.nih.gov/pmc/articles’PM C7303805.

Sanchez-Tatavull D, Castelo-Szekely V, Candinas D, Roldéan E, Beldi G. Modelling
strategies to organi ze healthcare workforce during pandemics: Application to COVID-
19. J Theor Biol 2021; 523.

Meguid A, Talaat H, Shawky S, et al. SARS-CoV -2 infection among healthcare
workers of a gastroenterological service in atertiary care facility. Arab J Gastroenterol
2020; 2020. Available at: https://doi.org/10.1016/j.5jg.2020.07.005.

Abdelmoniem R, Fouad R, Shawky S, et al. SARS-CoV-2 infection among
asymptomatic healthcare workers of the emergency department in atertiary care
facility. JClin Virol 2021; 134:104710. Available at:
https://doi.org/10.1016/j.jcv.2020.104710.

Mostafa A, Kandil S, El-Sayed MH, et a. Universal COVID-19 screening of 4040
health care workersin aresource-limited setting: an Egyptian pilot model in a
university with 12 public hospitals and medical centers. Int J Epidemiol 2020; :1-12.
Available at: https://academic.oup.com/ije/advance-

article/doi/10.1093/ije/dyaal 73/5936053.

Egypt reopens 21 coronavirus quarantine hospitals. 2020. Available at:


https://doi.org/10.1101/2020.12.21.20248594
http://creativecommons.org/licenses/by-nc/4.0/

medRXxiv preprint doi: https://doi.org/10.1101/2020.12.21.20248594; this version posted February 10, 2022. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY-NC 4.0 International license .

https.//www.egyptindependent.com/egypt-reopens-21-coronavirus-quarantine-
hospitals/. Accessed 21 November 2021.

13. Lassauniere R, Frische A, Harboe ZB, et al. Evaluation of nine commercial SARS-
CoV-2 immunoassays. medRxiv 2020; :2020.04.09.20056325. Available at:
http://medrxiv.org/content/early/2020/04/10/2020.04.09.20056325.abstract.

14. KucirkaLM, Lauer SA, Laeyendecker O, Boon D, Lessler J. Variation in False-
Negative Rate of Reverse Transcriptase Polymerase Chain Reaction-Based SARS-
CoV-2 Tests by Time Since Exposure. Ann Intern Med 2020; 173:262—267.

15. R Core Team. R: A language and environment for statistical computing. 2020;
Available at: https://www.r-project.org/.

16. Soetaert K, Petzoldt T. Inverse modelling, sensitivity and monte carlo analysisin R
using package FME. J Stat Softw 2010; 33:1-28.

17. ZhaoJ, Yuan Q, Wang H, et al. Antibody Responsesto SARS-CoV-2 in Patients With
Novel Coronavirus Disease 2019. Clin Infect Dis 2020; 71:2027-2034. Available at:
https:.//academic.oup.com/cid/article/71/16/2027/5812996.

18. Jiang J-C, Zhang Y. Serological antibody testing in the COVID-19 pandemic: their
molecular basis and applications. Biochem Soc Trans 2020; 48:2851-2863. Available
at: https://portlandpress.com/bi ochemsoctrans/article/48/6/2851/226924/Serol ogi cal-
antibody-testing-in-the-COVID-19.

19. KrastinovaE, Garrait V, Lecam M-T, et al. Household transmission and incidence of
positive SARS-CoV-2 RT-PCR in symptomatic healthcare workers, clinical course and
outcome: a French hospital experience. Occup Environ Med 2020; :0emed-2020-
106866. Available at: https://oem.bmj.com/lookup/doi/10.1136/0emed-2020-106866.

20. Youssef N, Mostafa A, Ezzat R, Yosef M, El Kassas M. Mental health status of health-
care professionals working in quarantine and non-quarantine Egyptian hospitals during
the COVID-19 pandemic. East Mediterr Heal J 2020; 26:1155-1164. Available at:
https://appli cations.emro.who.int/emhj/v26/10/1020-3397-2020-2610-1155-1164-
eng.pdf.

21. Houlihan CF, VoraN, Byrne T, et a. Pandemic peak SARS-CoV-2 infection and
seroconversion ratesin London frontline health-care workers. Lancet 2020; O.
Available at: https://www.thelancet.com/journals/lancet/arti cle/PI1S0140-
6736(20)31484-7/abstract.

22.  Eyre DW, Lumley SF, O'Donnell D, et a. Differential occupational risks to healthcare
workers from SARS-CoV -2 observed during a prospective observationa study. Elife
2020; 9. Available at: https://elifesciences.org/articles/60675.

23. Mostafa A, Kandil S, El-Sayed MH, et al. SARS-CoV-2 seroconversion among 4040
Egyptian healthcare workers in 12 resource-limited healthcare facilities: A prospective
cohort study. Int J Infect Dis 2021; Available at:
https://doi.org/10.1016/).ijid.2021.01.037.

20


https://doi.org/10.1101/2020.12.21.20248594
http://creativecommons.org/licenses/by-nc/4.0/

medRXxiv preprint doi: https://doi.org/10.1101/2020.12.21.20248594; this version posted February 10, 2022. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.

24.

21

It is made available under a CC-BY-NC 4.0 International license .

Schneider S, Piening B, Nouri-Pasovsky PA, Kruger AC, Gastmeier P, Aghdass SJS.
SARS-Coronavirus-2 cases in healthcare workers may not regularly originate from
patient care: lessons from a university hospital on the underestimated risk of healthcare
worker to healthcare worker transmission. Antimicrob Resist Infect Control 2020;
9:192. Available at: https://aricjournal.biomedcentral .com/articles/10.1186/s13756-
020-00848-w.


https://doi.org/10.1101/2020.12.21.20248594
http://creativecommons.org/licenses/by-nc/4.0/

