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Abstract
Nosocomial infections of both patients and healthcare workers (HCWs) in hospitals
may play an important part in the overall dynamics of a viral pandemic, as evidenced
by the recent COVID-19 experience. A strategy to control this risk consists in dedicat-
ing some hospitals to the care of infected patients only, with HCWs alternating between
shifts of continuous stay within these hospitals and periods of isolation. This strat-
egy has been implemented locally in various settings and generalized in Egypt. Here,
using a mathematical model coupling hospitals and community, we assess the impact
of this strategy on overall epidemic dynamics. We find that quarantine hospitals may
significantly reduce the number of cumulative cases, as well as the peak incidence,
when effective control strategies are in place in the community and symptomatic HCWs
comply with self-isolation recommendations. Our results, which are robust to variations
in assumed biological characteristics of the virus, suggest that the quarantine hospi-
tal strategy could be considered in future pandemic contexts to best protect the entire
population.

Author summary
Innovative strategies are needed to control the nosocomial risk during pandemics, as
hospital transmission may play a key part in epidemic dynamics. For COVID-19, Egypt
used quarantine hospitals that were fully dedicated to the care of infected patients and
staffed by healthcare workers staying continuously inside for 1- to 2-week-long shifts.
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Using mathematical modeling, we show that this strategy may significantly reduce the
overall epidemic burden in the population. The predicted gains are larger when control
strategies are in place in the community and symptomatic healthcare workers self-isolate
efficiently.

Introduction
When facing a pandemic transmissible agent, isolating infected individuals is generally one of
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the first measures implemented. If disease symptoms often require hospitalization, hospitals
may become clusters of infectious individuals and play an important role in overall epidemic
dynamics, through both patient-to-patient and patient-to-healthcare workers (HCWs) trans-
mission [1,2]. Hence, restraining contacts between hospitals and the rest of the community
may help protect the entire population. In the context of the COVID-19 pandemic, diverse
initiatives based on this observation emerged as early as spring 2020, such as some French
nursing homes isolating their staff with the residents for several weeks [3]. However, the most
elaborate strategy was the Egyptian one. Under WHO supervision, the country redesigned
its entire healthcare model to control risks of viral spread from hospitals to community.
The government assigned certain hospitals to care only for externally-referred COVID-19
patients, making other hospitals of the same area as free of the disease as possible. These so-
called ”quarantine hospitals” had rotating medical teams residing continuously in the hospital
during 1 or 2 week-long working shifts [4]. Here, we consider this unique healthcare model
as an approach that may be generalized to other countries and pandemic contexts – provided
that the circulating pathogens are to some extent biologically similar to SARS-CoV-2 – and
refer to it as the ”quarantine hospital strategy”.

Recent studies have assessed the epidemiological [4] and psychological [5] consequences
incurred by health care workers (HCWs) working in quarantine hospitals. Briefly, results
suggest that whether SARS-CoV-2 acquisition or mental health risk for quarantine hospital
HCWs exceeds those of classical settings depends on the amount of resources deployed to set
up these quarantine hospitals. However, while the benefits of the quarantine hospital strat-
egy in terms of epidemic containment are widely assumed, they have never been quantified,
nor have they been weighed against the risks they may also carry, such as a possible increased
exposure for HCWs.

Significant organizational differences have been observed across Egyptian quarantine hos-
pitals [4], suggesting that the exact protocol to maximise the benefits of the quarantine hospi-
tal strategy is not yet known. More generally, in anticipation of an upcoming COVID-19 wave
or even a new pandemic, it would be valuable to provide insight into the range of conditions
where the quarantine hospital strategy could be an efficient response, including biological
characteristics of the virus, effectiveness of implemented control measures in the community
and standard hospitals, shift duration within quarantine hospitals, etc.

To address these questions, we developed a novel stochastic compartmental model to sim-
ulate the propagation of a SARS-CoV-2-like virus among the population of a medium-sized
city hosting one quarantine hospital and one other hospital referred to as “usual” hospital
(Fig 1). The model accounts for patients and HCWs circulating between the community and
the different hospitals, as well as for different transmission routes across populations (HCWs
and non-HCWs) and settings (community, usual and quarantine hospitals). By comparing
outputs from model simulations performed with a quarantine hospital (”quarantine hospi-
tal strategy”) and without a quarantine hospital (”reference strategy”), we assessed potential
gains of the quarantine hospital strategy in terms of burden and infection peak reduction
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Fig 1. Global model structure.Movements of individuals (non-HCWs and HCWs) between the community, quarantine
and usual hospitals.

https://doi.org/10.1371/journal.pcbi.1013548.g001

during a typical COVID-19-like outbreak. We also evaluated the impact of the strategy on
HCWs specifically. We further explored the resilience of the strategy to more diverse contexts
by performing wide-range sensitivity analyses.

Results
The quarantine hospital strategy may significantly reduce the overall
epidemic burden
In our main analysis, we assumed a community transmission rate of the virus of 0.107 days–1,
roughly corresponding to an effective reproduction number in the community, RC, of 1.05
(henceforth referred to as ”approximate reproduction number”). This reproduces the scenario
of an epidemic wave with control measures in place in the community, a relevant context
for implementing the quarantine hospital strategy. We also calibrated the within-quarantine
hospital transmission rate to HCWs at 0.112 days–1, allowing to reproduce the highest
SARS-CoV-2 acquisition risk measured in Egyptian quarantine hospitals, at 48% per week,
in an earlier study [4]. All other parameter values for the baseline scenario we present here
are provided in Materials and Methods (see Table 2). In this scenario, the quarantine hos-
pital strategy flattens the epidemic curve. Amongst non-HCWs, the infection prevalence
peak is delayed by more than 50 days and decreased from 3.7% (2.5% - 4.3%) to 1.9% (1.1%
- 2.5%) (Fig 2a). As a result, the overall epidemic burden is reduced, with a decrease in
the attack rate after 365 days of 11.4 (9.4 - 15.3) percentage points amongst non-HCWs
(Fig 2c).
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Fig 2. Epidemic curves comparing the reference (grey) and quarantine (blue) strategies. Predicted changes over
365 days in the median and 95% prediction band of the percentage of infectious individuals (I and A compartments)
amongst a) non-healthcare workers and b) healthcare workers. Attack rate in c) non-healthcare workers and d)
healthcare workers.

https://doi.org/10.1371/journal.pcbi.1013548.g002

HCWs play a key role in virus spread in the community
In Fig 3 we present, with or without quarantine hospitals, the proportion of total number of
new infections in the community acquired from non-HCWs, from HCWs resting between
work shifts, from symptomatic isolated HCWs or from HCWs isolated after a shift in a quar-
antine hospital. Our predictions suggest that, in the presence of strong control measures
in the community, HCWs are an important vector of virus spread in the community. This
is especially due to symptomatic isolated HCWs, who, even when assumed to have a 80%
reduced risk of onward transmission due to their isolation, may be at the source of almost
25% of all SARS-CoV-2 acquisition events in the community over 365 days. The overall
distribution of acquisition sources does not substantially differ between the reference and
quarantine hospital strategy (Fig 3, dashed lines). HCWs with no symptoms who self-isolate
after their working shift in the quarantine hospital play a minor role in the epidemic propa-
gation, as their median contribution to the daily community infections throughout the whole
wave does not exceed 1%.
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Fig 3. Distribution of SARS-CoV-2 acquisition routes over time for non-HCW infections in the community, compar-
ing the reference (left) and the quarantine hospital (right) strategies. Time changes in the daily median proportion of
new infections is depicted over 365 days (solid lines), along with the 95% prediction band (shaded areas), for each route:
acquisitions from non-HCWs, from HCWs resting between work shifts, from symptomatic HCWs strictly isolating in the
community and, in the quarantine hospital strategy case, from HCWs isolating after a shift in the quarantine hospital. The
dashed lines show the median acquisition proportion over the entire 365 days.

https://doi.org/10.1371/journal.pcbi.1013548.g003

The quarantine hospital strategy dramatically reduces nosocomial
acquisitions in hospitalized patients
Unsurprisingly, model-predicted nosocomial SARS-CoV-2 acquisitions collapse thanks to
the quarantine hospital strategy, with an 89.8% (85.8% - 92.2%) reduction in acquisition
frequency among hospitalized patients (Table 1).

On average, HCWs are not put at excess risk by the quarantine hospital
strategy
The quarantine hospital strategy delays the infection prevalence peak in HCWs by more than
50 days and decreases it from 6.0% (3.9% - 8.1%) to 2.8% (1.3% - 4.4%) of the total popula-
tion (Fig 2b). As a result, the specific epidemic burden of HCWs is reduced, with a decrease
in the attack rate after 365 days of 23.2 (19.7 - 28.3) percentage points (Fig 2d) in the quaran-
tine hospital strategy. This reflects the fact that benefits for HCWs working in usual hospitals

Table 1. Comparison of the frequency of nosocomial SARS-CoV-2 acquisitions among patients and HCWs in the
two strategies.The table provides, for patients, the average risk of nosocomial acquisition over their entire hospital
stay; and for HCWs, the average weekly risk of occupational acquisition.
Strategy Frequency of nosoco-

mial acquisition among
patients admitted to the
usual hospital (%)

Weekly risk of nosocomial
acquisition among HCWs
working in the usual hospital
(%)

Weekly risk of nosocomial
acquisition among HCWs
working in the quarantine
hospital (%)

Reference strategy 4.5 (4.0 – 5.0) 2.25 (1.23 –3.26) N/A
Quarantine hospital 0.46 (0.34 – 0.59) 0.14 (0.02 – 0.39) 48.3 (20.5 – 74.5)

https://doi.org/10.1371/journal.pcbi.1013548.t001
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or in the community more than compensate the increased risk to HCWs working in quaran-
tine hospitals (Table 1). Notably, the risk of occupational contamination is reduced by 94% in
usual hospitals, even though our model predicts a 48% weekly risk of SARS-CoV-2 acquisi-
tion for HCWs within quarantine hospitals, a worst-case hypothesis based on observations in
Egyptian hospitals [4].

The quarantine hospital strategy is most effective when epidemic control is
high in the community and symptomatic HCWs comply well with
self-isolation
Fig 4 depicts the predicted reduction, compared to the reference strategy, in the total epi-
demic burden over 365 days (Fig 4a) and in the incidence at the epidemic peak (Fig 4b) as a
function of RC, the approximate reproduction number in the community, and 𝜖, the degree
of non-compliance to self-isolation in symptomatic HCWs. Obtaining a reduction from the
quarantine hospital strategy larger than 50% requires both stringent control measures in the
community (e.g., a general population lockdown) and for symptomatic HCWs to comply with
self-isolation (RC ≤ 1 and 𝜖 ≤ 0.1). Such conditions also lead to a substantial infection peak

Fig 4. Predicted reduction achieved by the quarantine hospital strategy (as compared with the reference strategy) in
(a) the cumulative number of infections over 365 days and (b) the peak incidence, as a function of RC, the approximate
reproduction number in the community, and 𝜖, the level of self-isolation non-compliance in symptomatic HCWs.

https://doi.org/10.1371/journal.pcbi.1013548.g004
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reduction (approx. 60%), but the quarantine hospital strategy provides important improve-
ments in that respect even in a context of less strict control measures (e.g., 45% peak size
reduction when RC ≤ 1.1 and 𝜖 ≤ 0.15). In addition, the specific epidemic burden and infec-
tion peak for HCWs are always lower in the quarantine hospital strategy than in the reference
strategy, irrespective of assumed values for RC and 𝜖 (Fig 4, right panels).

Finally, irrespective of RC and 𝜖, the reduction in nosocomial acquisitions remains above
80% (Fig 5).

Benefits of the quarantine hospital strategy are robust to parameter
variability
By conducting a partial rank correlation analysis (Fig 6), we identified that the two parame-
ters which most impact epidemic dynamics were 𝛽C and 𝜖, the two key factors explored above.
An increase in either of these parameters is predicted to decrease the impact of the quarantine
hospital strategy (correlation coefficient < -0.5). All hospital policy-related parameters other
than 𝜖 play a minor role in epidemic containment.

Biological variability may also affect our results, with notably higher predicted effectiveness
of the quarantine hospital strategy when the proportion of severe cases 𝜓 increases. The total
number of inhabitants Ntot and infection duration TI are also positively correlated with the
predicted impact of the hospital quarantine strategy, indicating that the benefit of this strategy
may be greater in larger cities and for longer durations of infection.

Finally, variations in within-hospital transmission rates 𝛽1ref , 𝛽1Q and 𝛽2 have a low impact
on our predictions (Fig 6).

Discussion
Themodelling carried out in this study provides evidence on the conditions under which the
quarantine hospital strategy can help contain epidemics. For a virus similar to SARS-CoV-2,
the two key conditions identified are: (i) some control measures must be in place in the

Fig 5. Reduction in the cumulative number of nosocomial SARS-CoV-2 acquisitions over 365 days, as a function
of assumed values for RC, the approximate reproduction number in the community, and 𝜖, the level of self-isolation
non-compliance in symptomatic HCWs.

https://doi.org/10.1371/journal.pcbi.1013548.g005
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Fig 6. Sensitivity analysis: partial rank correlation coefficients (PRCC) between the predicted relative reduction in the cumulative
number of cases over 365 days and model parameters.Three categories of parameters are explored: biological characteristics of the virus,
parameters resulting from the population structure and implemented control measures within the usual hospitals and community (”sani-
tary context parameters”) and parameters describing the implementation of the quarantine hospital strategy (”organizational parameters”).
The full list of model parameters is provided in Table 2, along with their baseline values and explored ranges.

https://doi.org/10.1371/journal.pcbi.1013548.g006

community (expressed by the RC parameter); and (ii) symptomatic HCWs must rigorously
comply with self-isolation (expressed by the 𝜖 parameter). In conditions similar to those
observed during the second COVID-19 epidemic wave in developed countries, the quaran-
tine hospital strategy induces a 43.3% (24.6% - 59.9%) infection peak reduction and a 22.0%
(12.6% - 35.1%) virus burden reduction; additionally, it reduces nosocomial infections by
more than 89.8% (85.8% - 92.2%), thus substantially reducing the risk among the most vul-
nerable individuals. The strategy efficacy may vary slightly with the transmission context in
hospitals, but significant epidemic containment benefits hold as long as the key conditions
are respected. Our sensitivity analysis (Fig 6) further suggests that these results should hold
in other geographical locations beyond Egypt, with potentially higher benefits of the hospital
quarantine strategy in larger cities.

Validation
Our identification of the reproduction number in the community as a key determinant of suc-
cess for the quarantine hospital strategy is consistent with the conclusions of a recent British
study [2], which underlined the major contribution of nosocomial transmission in the overall
COVID-19 burden during lockdown periods. This is notably because measures implemented
in the community, such as a lockdown, barely reduce transmission inside hospitals – medical
care requires close contacts regardless of distancing measures adopted in the community, thus
the relative contribution of hospitals to epidemic spreading increases during periods of lock-
down. Hence, in a context of strong control measures, mitigating virus propagation within
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hospitals is particularly relevant, and that is precisely the goal of the quarantine hospital strat-
egy. Our analysis highlights HCWs as important vectors of transmission among the commu-
nity, hence why we found the compliance of symptomatic HCWs to self-isolation to be critical
for the success of the quarantine hospital strategy.

Unfortunately, while data from Egyptian quarantine hospitals has allowed us to quantify
the risk for HCWs [4], no data is available to quantify SARS-CoV-2 spread between hos-
pitals and the general population in Egypt, therefore preventing the full calibration of our
model and/or validation of its predictions. However, in the absence of observational data,
modeling is the only way to gain insight on the potential benefits of the quarantine hospital
strategy. In addition, our model predicts a SARS-CoV-2 acquisition risk of 48% per week for
HCWs assigned to quarantine hospitals that lies within the range previously estimated from
data observed in Egyptian quarantine hospitals (from 13% per 14-day shift to 48% per 7-day
shift) [4]. We chose to calibrate the transmission rate within quarantine hospitals to repro-
duce a risk at the upper bound of this range, in order to be as conservative as possible when
assessing potential benefits of the quarantine hospital strategy. Finally, our sensitivity analy-
sis highlighted that the assumed value for this within-hospital transmission rate has a limited
impact on the predicted benefits of the quarantine hospital strategy at the entire population
level.

Limitations
The sensitivity analysis we performed underlined the impact on our results of the assumed
transmission rate at the community level 𝛽C, as well as, to a lesser extent, of the assumed
proportion of severe cases. This could have implications in case of emergence of a respi-
ratory virus (e.g., a new SARS-CoV-2 variant) with significantly different transmission
potential from our baseline assumptions, or when accounting for vaccination. However, as
evidenced by the analyses presented in Fig 4 and 5, our main conclusions hold, provided
that RC is not too high - a condition which should only be reinforced in the presence of
widespread vaccination.

Another consideration that may arise with regards to vaccination is a higher vaccination
coverage among HCWs compared to non-HCWs. In our analyses, vaccinating HCWs and
thereby reducing their risk of becoming infected and infecting others would be equivalent to
reducing the degree of non-compliance with self-isolation (𝜖 and 𝜖H2). As shown in our sensi-
tivity analysis, this would likely increase the benefit of the hospital quarantine strategy, since
the risk of HCW-mediated transmission between patients hospitalized with COVID-19 in the
quarantine hospital and the community would be reduced.

Our model does not account for age-specific patterns in terms of susceptibility, mixing
and eventually contribution to disease transmission. Previous studies documented the role of
age in the probability of asymptomatic infection or hospitalization [6–8]. Similarly, contact
patterns are documented to be age-dependent [9,10]. Therefore, the quarantine hospital strat-
egy is expected to result in the isolation of older patients, more likely to show symptoms and
with higher level of infectiousness, but with lower contact rates in average. Results obtained
in other settings suggested that the contribution of each age group to transmission was high-
est among the 20-29y old, and then decreased with age [11]. If such a pattern was confirmed,
disregarding age may have led us to overestimate the quarantine hospital strategy impact,
because isolation may in reality disproportionately affect age groups that contribute slightly
less to transmission.

Assuming that transmission occurs in usual hospitals at a lower rate in the quarantine
hospital strategy, as compared to the reference strategy, may have favoured the quarantine
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strategy. However, in an additional analysis, we show that even when the transmission rate
in the usual hospital remains constant between the two strategies, the quarantine strategy still
leads to a significant reduction in the overall epidemic burden (S3 Fig).

Additionally, our model does not account for HCW-to-HCW transmission. This may sig-
nificantly increase the risk within hospitals, especially in quarantine settings where HCWs
may sometimes share resting and conviviality rooms. Hence, proposing infectious control rec-
ommendations specifically targeted at interactions between HCWs may be key in quarantine
hospitals.

While we assumed the same isolation guidelines for symptomatic HCWs, irrespective of
their hospital allocation and across all strategies, quarantine HCWs were further supposed to
self-isolate after each working shift. This specific recommendation makes it harder to disen-
tangle the different factors contributing to the quarantine strategy’s overall benefits. However,
our sensitivity analysis underlined that parameter 𝜖H2 (the level of non-compliance to self-
isolation among quarantine HCWs) had very limited impact on our predictions, even when
exploring 𝜖H2 values up to 100% - that is, assuming no self-isolation at all.

We also neglected hospitalization of HCWs with severe symptoms. Since this would only
concern around 7% of infected HCWs (𝜓 parameter [12]), while HCWs themselves only
represent 1.5% of the population considered, this should not have a major impact on our
results.

More generally, we did not consider absence of HCWs from the workplace leading to
changes in the HCW-per-patient ratio, notably due to pandemic-driven burnout among
HCWs. While stress, anxiety, insomnia and depression symptoms were indeed identified in
a significant portion of Egyptians HCWs [17], studies comparing HCWs working in quaran-
tine and standard frontline hospitals found no difference between the two [5], or even a lower
risk of depression in quarantine-hospital HCWs [17]. Hence, we may expect that our main
findings would remain unchanged, had we accounted for quitting HCWs.

We assumed the same infectiousness duration TI for all individuals infected by
SARS-CoV-2, irrespective of symptom intensity (i.e., in asymptomatic, mildly symptomatic
and severely symptomatic individuals). However, the infectiousness was reduced by a factor
𝜅 in asymptomatic individuals. In our sensitivity analysis, TI had a limited positive impact
on the predicted incidence reduction due to the quarantine strategy, while 𝜅 had a limited
negative impact on this predicted incidence reduction (Fig 6). Hence, we do not believe that
introducing a differential infectiousness duration in asymptomatic versus symptomatic indi-
viduals would have a major impact on our predictions.

Finally, we did not include diagnostic tests in our analysis, and instead reproduced the sit-
uation observed in Egypt before reliable rapid tests became available [4,13,14]. We assumed
that all severely symptomatic individuals are correctly identified as COVID-19 cases and hos-
pitalised in the quarantine hospital. Although we believe this is reasonable since these cases
are less likely to be undetected, we acknowledge that in reality some severe cases could be
treated as false negatives and remain in the usual hospital, thereby decreasing the effectiveness
of the quarantine hospital strategy. Conversely, we assumed that none of the asymptomatic
or mildly symptomatic individuals are hospitalized for COVID-19. If these individuals
could instead be identified, we expect this would reduce transmission in the community and
therefore further increase the benefits of the quarantine hospital strategy, since the relative
importance of nosocomial and HCW-mediated transmission would increase. Since we did not
consider tests, we also assumed that all HCWs self-isolated after their shift in the quarantine
hospital, with a compliance level of 𝜖H2 regardless of whether they were uninfected or infected
asymptomatic. Reliable exit testing after a shift would instead better distinguish between truly
infected HCWs who need to isolate and uninfected HCWs who do not, thereby reducing the

PLOS Computational Biology https://doi.org/10.1371/journal.pcbi.1013548 October 3, 2025 10/ 17

https://doi.org/10.1371/journal.pcbi.1013548


ID: pcbi.1013548 — 2025/10/6 — page 11 — #11

PLOS COMPUTATIONAL BIOLOGY The quarantine hospital strategy in the context of a COVID-like epidemic

risk of HCW-mediated transmission in the community and improving the effectiveness of the
quarantine hospital strategy.

Public health implications
Our results suggest that the quarantine hospital strategy has potential major public health
benefits for both the control of SARS-CoV-2 and a range of other biologically similar viruses,
as evidenced by the sensitivity analysis we performed. In particular, beyond the overall reduc-
tion in cases we predicted, two key additional impacts may be underlined.

First, nosocomial acquisitions would be dramatically reduced by the quarantine hospital
strategy. As hospital patients tend to be older and more fragile than the general population
[15], this means that the mortality benefits of the quarantine hospital strategy would be larger
than its morbidity benefits.

Second, the quarantine hospital strategy tends to flatten the epidemic curve (Fig 2a), thus
allowing for better preparedness and decreased risk of saturation of the healthcare system, a
key issue in many countries worldwide during the COVID-19 pandemic [16].

Feasibility
In addition to demonstrating the potential benefits of the quarantine hospital strategy, the
present study provides some insight to guide its implementation. First, despite exposing some
HCWs to highly contagious residents, the quarantine hospital strategy reduces the risk of
COVID-19 contamination for HCWs overall, suggesting that benefits to HCWs in usual hos-
pitals and the community more than compensate the increased risk to HCWs in quarantine
hospitals. As the transmission rate we assumed within quarantine hospitals was actually in the
higher range of previous estimates from Egypt [4], the actual overall risk for HCWs may be
even lower than our prediction.

Second, while one may expect a negative impact of working in a quarantine hospital
on HCWmental health and well-being, a study performed in different Egyptian hospitals
actually found a lower risk of depression in quarantine-hospital HCWs, as compared with
HCWs working in standard frontline hospitals [17]. In addition, the sensitivity analysis
we performed shows that quarantine working shift duration as well as the respect of self-
quarantine after working shifts are not crucial for the strategy efficiency. Hence, one-week-
long working shifts, which are almost as effective as two-week-long shifts, could be favored,
and ”relaxed” self-isolation after these shifts (e.g. contact limitation to close relatives) could
be recommended in asymptomatic HCWs. Conversely, strict self-isolation of symptomatic
HCWs is key to the quarantine strategy’s success.

Third, as stated in previous subsections, the quarantine hospital strategy is most likely to be
beneficial in a context where control measures are already in place in the community, leading
to a relatively small RC value. Such a value could be achieved through vaccination, or mea-
sures to reduce contacts such as lockdown or social distancing, as was actually observed in
Egypt [24]. The impact of such measures will strongly depend on their efficacy, implementa-
tion strategy, and local epidemic characteristics. Crucially, the importation of external cases
in highly connected cities may also maintain transmission in the community over longer time
periods. While control measures often include travel limitations, this may still affect the sus-
tainability of the quarantine hospital strategy. For all of these reasons, implementation of the
quarantine hospital strategy should be preceded by robust epidemiological and mathematical
modelling analyses to determine whether the conditions of low community transmission are
met.
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Conclusion
In conclusion, we have described the potential benefits of the quarantine hospital strategy and
identified the optimal conditions to maximize these benefits during an epidemic situation.
From our findings, we propose a series of recommendations for implementing such a strategy
when facing a virus with characteristics similar to those of SARS-CoV-2, namely a significant
fraction of cases requiring hospitalization, incubation and infectiousness durations of approx-
imately one week, a limited proportion of asymptomatics and a reduction of infectiousness in
asymptomatics.

First, quarantine hospital strategies must be paired with control measures to limit viral
propagation in the community (e.g., non-pharmaceutical interventions or vaccination), trans-
lating as an effective reproduction number below 1.1. Second, symptomatic HCWs need to
engage in strict self-isolation, with the aim of a more than 90% reduction in their contacts.
Third, when organizing quarantine hospitals, one-week-long working shifts for HCWs,
followed by a self-isolation of the same duration, should be preferred.

These recommendations go beyond what was implemented in the Egyptian example. They
pave the way for complementary work on the subject, such as evaluating the mental health,
logistic burden and economical cost of such a healthcare reorganisation. This would require
answering a number of yet unaddressed questions, including for instance the maximal dura-
tion that HCWs are ready to respect the constraints associated with quarantine hospitals, the
criteria to designate the settings that will become quarantine hospitals, the costs associated
with equipment transfers between usual hospitals and quarantine hospitals – e.g., respira-
tory aid equipment. Collecting data on these questions and performing a cost-effectiveness
analysis would be useful for the quarantine hospital strategy to become a valid and well-
documented option for health-policy makers in epidemic situations.

Methods
We developed a compartmental stochastic model to simulate the propagation of a SARS-CoV-
2-like infectious agent among the population of a medium-sized city. We assume that the city
has a closed population of 50 000 inhabitants, of which 1.5% (i.e. 750) are HCWs. HCWs and
other individuals (potential patients) circulate between the community and hospitals (Fig 1).
Two alternative strategies are simulated:

• The quarantine hospital strategy, in which the city hosts two hospitals: a quarantine
hospital and a “usual” hospital;

• And the reference strategy, in which there is only a single, larger “usual” hospital.

Infection model
In each subpopulation and setting, individuals are distributed into 5 different compartments
depending on their infection status: Susceptible, Exposed, Infectious symptomatic, Infectious
asymptomatic or Recovered (S1 Fig).

Susceptible (S) individuals may become infected by an infectious virus carrier and enter
the incubation stage (E), during which they are not infectious yet. Individuals exit the incuba-
tion stage at rate 1/TE, and either become Infectious symptomatic or Infectious asymptomatic.
For non-HCWs, mildly symptomatics are grouped together with asymptomatics in the Infec-
tious asymptomatic compartment (IM), which is reached with probability 1 –𝜓. This leaves
only severely symptomatic non-HCWs, who will systematically be hospitalized, in the Infec-
tious symptomatic compartment (IH), which is reached with probability 𝜓. Conversely, for
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HCWs, all symptomatically infectious individuals are included in the Infectious symptomatic
compartment (IS), which is reached with probability 1 –𝜑, and the Infectious asymptomatic
compartment (IA), which is reached with probability 𝜑, only includes true asymptomatic
HCWs. Both symptomatics and asymptomatics recover at rate 1/TI, entering the Recovered
(R) compartment.

The force of infection (probability of the S-to-E transition, detailed in S1 Text) depends on
several factors:

• The time-dependent proportion of infectious individuals in the population; noting that
infectiousness is reduced by a factor 𝜅 in asymptomatic individuals [18];

• The transmission rate 𝛽, that accounts for both the rate of contacts within and between
the different sub-populations (which is reduced by mandatory self-isolation), and the
per-contact probability of infection between susceptible and infectious individuals
(which is reduced by contact precautions implemented, e.g., masks).

Three distinct transmission rates were defined depending on the setting: 𝛽C within the com-
munity, 𝛽1 within usual hospitals, and 𝛽2 within quarantine hospitals. To reflect the disorga-
nization induced by SARS-CoV-2-infected patients, in the reference strategy the transmission
rate within the usual hospital is increased to 𝛽1ref .

In addition, HCWs who become infectious and symptomatic are assumed to strictly iso-
late in the community, irrespective of their original location. During this strict isolation, their
contribution to the force of infection is reduced by a factor (1– 𝜖). HCWs in strict isolation
return to the community when they recover.

Formulas for the forces of infection are provided in S1 Text, along with a figure depicting
the successive possible states for HCWs and non-HCWs (S1 Fig).

Hospital admission model
Patients may either be hospitalized for COVID-19 or for other motives. In the quaran-
tine hospital strategy, patients with COVID-19 are admitted to the quarantine hospital,
while patients hospitalized for other motives are admitted to the usual hospital. In the ref-
erence strategy, all patients are hospitalized in the (only) usual hospital, regardless of their
SARS-CoV-2 infection status.

All individuals with COVID-19 except HCWs are assumed to be hospitalized as soon as
they become severely symptomatic (IH compartment) and to remain so until they recover,
whereupon they return to the community. In other words, we assume that the hospital length
of stay for patients with COVID-19 is equal to their infectious duration of 9.8 days (Table 2),
which falls within the range of estimated length of stay in Africa [19].

Non-COVID-19 hospitalized patients leave the usual hospital at rate 1/Th, and admission
of these patients from the community is adjusted so that the number of hospitalized patients
remains within total hospital capacity, preserving the patient-per-HCW ratio Rph (S1 Fig and
S1 Text). This implies that over time, less individuals are hospitalized for non-COVID-related
motives to compensate for COVID-related hospitalizations, reflecting the deprogramming
of non-urgent hospitalizations that was observed during the COVID-19 pandemic. In the
quarantine hospital strategy, this translates as varying admission numbers to the usual vs.
quarantine hospitals (S2 Fig).

HCW allocation model
In the reference strategy, all HCWs are allocated to the single usual hospital.
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Table 2.Model parameters
Symbol Denomination Value Range explored Source
TE Mean incubation duration 4.6 days N (5, 2) ∩ [0,∞[ [20]
TI Mean infectious duration 9.8 days N (9.5, 3) ∩ [0,∞[ [21]
𝜑 Proportion of asymptomatic cases 20% N (0.2, 0.02) ∩ [0, 1] [18]
𝜓 Proportion of severe cases (who may require

hospitalization)
7% N (0.07, 0.02) ∩ [0, 1] [12]

𝜅 Infectiousness reduction in asymptomatics 32% N (0.32, 0.07) ∩ [0, 1] [18]
𝛽C Transmission rate in the community 0.107 days–1 N (0.107, 0.0107) ∩ [0,∞[ -
𝛽1ref Transmission rate in usual hospitals in the

reference strategy
0.117 days–1 N (0.117, 0.0117) ∩ [0,∞[ [22]

𝛽1Q Transmission rate in usual hospitals in the
quarantine hospital strategy

0.112 days–1 N (0.112, 0.0112) ∩ [0,∞[ [22]

𝛽2 Transmission rate in quarantine hospitals 0.122 days–1 N (0.122, 0.0122) ∩ [0,∞[ [4]
Ntot City size 50000 U[10000, 100000] -
prhcw Percentage of healthcare workers in the city 1.5% U[0.5%, 3%] -
Rph Patients-to-HCW ratio in all hospitals 3 -
𝜖 Symptomatic HCW degree of

non-compliance with self-isolation
20% U[0%, 40%] -

𝜖H2 Asymptomatic quarantine hospital HCW
degree of non-compliance with self-isolation

50% U[40%, 100%] -

T1 Average patient length of stay in the usual
hospitals

5.4 days - [23]

TQ Average patient length of stay in the
quarantine hospitals

9.8 days - -

Tshift
2 Working shift duration in quarantine

hospitals
7 days U[[7;14]] [4]

https://doi.org/10.1371/journal.pcbi.1013548.t002

In the quarantine hospital strategy, the partition of HCWs between the quarantine and
usual hospitals depends on the number of patients with COVID-19. The number of HCWs
in the quarantine hospital is computed in order to respect the patients-to-HCW ratio Rph

in the quarantine hospital. The remaining HCWs are then allocated to the usual hospital.
HCWs working in the usual hospital follow daily rotations: one third of the HCWs leave the
community each morning, joining the usual hospitals, and return to the community on the
evening. Regarding the quarantine hospital, rotations occur depending on the quarantine
shift duration Tshift

2 . At the end of their working shift, HCWs leave the quarantine hospital and
self-isolate in the community for an additional period of equal duration [4,5]. During self-
isolation, their contribution to the force of infection is reduced by a factor (1– 𝜖H2)∈ (0, 1).
After that period, they return to the community.

Scenario assessment
To assess epidemic containment allowed by the quarantine hospital strategy for a given set of
parameters, the present study compares the median epidemic curves obtained over 1,000 sim-
ulations for each scenario, focusing on the following indicators : i) the cumulative number
of infections over 365 days and ii) the maximum daily number of new infections (incidence
peak). Both were assessed in the community and in the HCW population.

Parameter values
All model parameters are listed in Table 2, along with their definition and assumed base-
line values. Baseline values were chosen to reproduce a typical European city facing COVID-
19 between September 2020 and end of December 2020. As an epidemic wave with control
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measures, this period is representative of a relevant context for implementing the quaran-
tine hospital strategy. We also consider that in such a context, measures would be in place to
restrict travel, which is why we do not consider importation of external cases into the city.
Parameter distributions were chosen to account for variability around these baselines values
wide enough to include the parameters of a COVID-19 variant or a new virus, various dis-
ease propagation scenarios among the community and in hospitals, and to represent different
plausible healthcare organization choices.

Sensitivity analysis
Lastly, in order to identify the most influential parameters, we performed a sensitivity analy-
sis. The parameter space was explored through Latin Hypercube Sampling (LHS) and Partial
Rank Correlation Coefficients (PRCC) between each parameter and the relative reduction in
the cumulative number of infections over 300 days brought by the quarantine hospital strat-
egy. This analysis was performed using the LHS R-package with 150 parameter samples based
on the parameters prior laws. PRCC confidence intervals were computed from 100 bootstrap
samples.

The model was implemented using R version 4.2.1 and the odin package (https://cran.
r-project.org/web/packages/odin/odin.pdf). The code is available in a dedicated GitHub
repository (https://github.com/MESuRS-Lab/quarantine_strategy).

Supporting information
S1 Fig. Model diagram. Diagram describing successive infections statuses for non-HCWs
(upper panel) and HCWs (lower panel).
(TIFF)

S2 Fig. Patient admissions in the two scenarios.Median number of patient admissions,
along with the 95% prediction band, as a function of time (a) in the reference strategy (all
admissions to the usual hospital in black, admissions of symptomatic patients to the usual
hospital in red); and (b) in the quarantine strategy (all admissions to the usual hospital in
black, all admissions to the quarantine hospital in red).
(TIFF)

S3 Fig. Epidemic curves under the quarantine strategy, comparing our baseline sce-
nario with an alternative scenario (in blue) where the usual hospital transmission rate
𝛽1 remains equal in the two strategies (in red). Predicted changes over 365 days in the
median and 95% prediction band of the percentage of infectious individuals (I and A com-
partments) amongst a) non-healthcare workers and b) healthcare workers. Attack rate in c)
non-healthcare workers and d) healthcare workers.
(TIFF)

S1 Text. Supplementary methods. Detailed formulas for transmission rates and forces of
infection. Information on assumptions regarding hospitalized patient populations.
(PDF)
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