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Summary

e As of 17th March there were 163 COVID-19 patients in critical care beds
(ICU/HDU) in England. 70 new COVID-19 patients were admitted to ICU/IDU
on the 18th March.

e We estimate that the epidemic doubling time is currently about 7 days (Cl: 4
to 40) in the UK.

e We assume that despite recently upscaled social distancing measures the
care demand will keep increasing at a similar rate for another 2 weeks
because of the delay between infection and hospitalisation.

e We estimate that there will be an average of 87-726 new patients every day
requiring ICU/HDU by the end of March.

e Combining results using two different estimates of length of stay in ICU/HDU,
we estimate that 630-3,337 beds would be needed for COVID-19 cases in
ICU/HDU in England by the end of March.

e A key source of uncertainty in our predictions is the doubling time. We believe
that we use the currently most robust data to estimate the doubling time for
COVID in the UK but there is substantial uncertainty attached which largely
drives the large uncertainty in the estimated ICU/HDU bed demand for late
March.

Aim: To estimate critical care bed demands for COVID-19 cases in England over the next
two weeks.

Background

Due to the absence of systematic testing of symptomatic COVID-19 cases, and because of
the substantial fraction of asymptomatic cases and mild disease, estimation of the current
number of COVID-19 infections in England is challenging. To understand current
transmission patterns, we focused on cases in Intensive Care Units (ICU), which are far less
likely to be subject to under-reporting, albeit with the limitation that admission to ICU occurs
later than onset of symptoms, meaning that this measurement provides information on
infections than occurred further in the past than newly symptomatic cases. We first examine
recent hospital and ICU admissions for COVID-19 patients and other Acute Respiratory
Infections (ARI) in England. Then, we predict the number of COVID-19 cases who will need
hospitalisation in ICU over the next 14 days, alongside projected bed occupancy.



Methods

Admissions to ICU

We used the COVID-19 Hospitalisations in England Surveillance System (CHESS) (as of:
18th March 2020) to examine current patterns of COVID-19 admissions. This dataset
records daily admissions to hospital as well as to Intensive Care and High Dependency Units
(ICU and HDU, all termed ICU in this report) for 109 NHS trusts, stratified by age group and
two types of infections: acute respiratory infections (ARI), and confirmed COVID-19 cases.
The total number of COVID-19 cases in ICU on the 18th March 2020 was used as a starting
point in our forecasting of ICU admissions. Non-ICU admissions will just be referred to as
‘hospital admissions’.

Estimation of growth rate

The First Few Hundred (FF100) data (as of: 17th March 2020) was used to estimate the
recent COVID-19 epidemic growth rate. We restricted the analysis to sporadic cases (i.e.
those that cannot be traced to another confirmed case or importation), which are detected
through either the Royal College of General Practitioners (RCGP) sentinel surveillance
network, or through hospital-based critical care surveillance, which reflects cases in ICU. All
but 3 of the cases were detected through the ICU system. The growth rate was estimated by
fitting a log-linear model to daily incidence of “sporadic” cases (almost all of them picked up
through the ICU system) using maximum likelihood. To account for delays between onset
and report, the model was fitted to the “trusted” data only, i.e. data that were collected
sufficiently far back in time that we are at least 95% sure that all data on that same day have
been reported by the time of analysis. This is calculated by accounting for delay from onset
to report, characterised as a discretised Gamma distribution, which was fitted using
maximum likelihood.

Prediction of ICU admissions and bed occupancy

The log-linear model was used to predict cases admitted to ICU over time, based on the
current number of COVID-19 admissions in ICU/HDU in England (n = 70 on the 18th March
2020). Bed occupancy was derived by combining these predictions with simulated duration
of hospitalisation, drawn for each predicted case. Two discretised Weibull distributions were
used to match recent estimations of the length of stay in ICU, with medians of 8 days (IQR: 4
-12,"), and 10 days (IQR: 5 - 14, ?), respectively. Predictions of ICU admissions and bed
occupancy were made for 14 days ahead from the most recent data point (31st March
2020).

Results

Figure 1A shows daily hospital and ICU admissions for ARI and COVID-19 cases by age
class in the CHESS dataset. The increase of ARI admissions over time until 16th March
points to an increase in the number of trusts reporting to CHESS, so that temporal trends of
COVID-19 cannot be assessed from this data yet. While COVID-19 infections represent a
small fraction of regular hospital admission compared to other ARI, it forms a large fraction of
ARI admissions in ICU. Importantly, COVID-19 admissions in ICU do not consist mostly of
older age groups, with a large number of admissions in 25+ patients as well as several 1-4
children (Figure 1B).


https://paperpile.com/c/g3vG5Y/gjwE
https://paperpile.com/c/g3vG5Y/52T0
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Figure 1: Hospital admissions recorded in CHESS data (database as of 18th March 2020). A) Admissions
reported over time. B) Breakdown of admissions by age class and COVID-19 status. Hospitals started reporting
on 11th March. By 16th March almost all hospitals were reporting.

Figure 2A shows reported sporadic cases and the associated log-linear model. The mean
reporting delay was 7 days (IQR: 4 - 9), with a 95th percentile of 14 days used to define the
trusted time period. We estimate a doubling time of 7 days with substantial uncertainty
(ICgse,: 3.8 - 41.4), corresponding to a daily growth rate of 0.1 (IC,,,: 0.02 - 0.18). Applied to
ICU data, our model predicts an average of 251 ICU admissions on 31 March 2020 (IC,,,:
88 - 868, Figure 2B).
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Figure 2: reported cases of COVID-19 by date of onset in FF100 (database from the 17th March 2020) A)
Log-linear model fitted on sporadic cases (brown); the red line indicates trusted data (not impacted by reporting
delays); plain and dashed lines indicate mean predictions and their confidence B) Projection of COVID-19 ICU
admissions using the growth rate estimated in A, with a starting point of 70 COVID-19 patients in ICU on the 18th
March 2020.



Projections of ICU bed occupancy using the two different distributions for the length of stay
yield similar results, with averages of 1,367 (IC,,,: 630 - 3,096; Figure 3A) and 754 (IC,,:
1,523 - 3,337; Figure 3B) ICU beds required for COVID-19 patients on the 31st March 2020.
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Figure 3: projections of bed ICU occupancy. A) Using a median length of stay of 8 days, parametrised as a
discretised Weibull with shape 2 and scale 10. B) Using a median length of stay of 10 days, parametrised as a

discretised Weibull with shape 2.2 and scale 12.

Limitations

Log-linear models are very sensitive to changes in the growth rate, so that these results are
likely to vary over the coming days. However, this uncertainty is largely reflected by the wide

confidence intervals we reported.
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