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ABSTRACT

Objective: Responding to the COVID-19 pandemic requires accurate forecasting of health system capacity

requirements using readily available inputs. We examined whether testing and hospitalization data could help

quantify the anticipated burden on the health system given shelter-in-place (SIP) order.

Materials and Methods: 16,103 SARS-CoV-2 RT-PCR tests were performed on 15,807 patients at Stanford facili-

ties between March 2 and April 11, 2020. We analyzed the fraction of tested patients that were confirmed posi-

tive for COVID-19, the fraction of those needing hospitalization, and the fraction requiring ICU admission over

the 40 days between March 2nd and April 11th 2020.

Results: We find a marked slowdown in the hospitalization rate within ten days of SIP even as cases continued

to rise. We also find a shift towards younger patients in the age distribution of those testing positive for COVID-

19 over the four weeks of SIP. The impact of this shift is a divergence between increasing positive case confir-

mations and slowing new hospitalizations, both of which affects the demand on health systems.

Conclusion: Without using local hospitalization rates and the age distribution of positive patients, current mod-

els are likely to overestimate the resource burden of COVID-19. It is imperative that health systems start using

these data to quantify effects of SIP and aid reopening planning.
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INTRODUCTION

In order to prepare for coronavirus disease 2019 (COVID-19), health

system leaders and policymakers need to forecast future healthcare

needs. A number of forecasting models have been developed and widely

shared to help healthcare facilities and governments predict upcoming

patient surges and plan accordingly.1,2 These models take in a myriad of

inputs, including population demographics, currently admitted patients,

case doubling times, and the rate at which positive cases turn into hospi-

talizations, among others.1,3–5 While there are enough models, guidance,

and data to provide accurate inputs to these models remain lacking.6–

8 Currently, 95% of Americans have been asked to stay at home.

Schools, businesses, and community gathering activities have been

closed or curtailed, and plans of reopening hinge on demonstrated sus-

tained reduction in cases, availability of testing, and enough health sys-
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tem capacity to treat patients requiring hospitalization without resorting

to crisis standards of care.9,10 The need to accurately plan health system

capacity is 1 of the 6 indicators cited to guide the state of California’s de-

cision making around reopening the state’s economy.11 An important

first step is taking stock of the currently available hospitalization and

testing data and how it has evolved as the pandemic progresses.

Stanford Health Care (SHC), a large academic healthcare system,

serves patients in the San Francisco Bay Area. The major hospitals that

comprise SHC are located in Santa Clara County, which began mandated

shelter in place (SIP) on midnight March 16, 2020, 26 days before we

conducted the analysis presented here. SHC developed an in house Sars-

CoV-2 and had extensive testing capacity starting on March 4, and after-

ward, tested anyone who had influenza-like infection symptoms, anyone

who had known COVID-19–positive contact, and healthcare workers

with a known exposure, or those who were referred by physician discre-

tion. As of April 11, our laboratory had tested nearly 15,800 cases, and

tracked hospitalization data of the test-confirmed COVID-19 cases.

Given our dual access to testing and hospitalization data, we exam-

ined whether we could reliably quantify the effects of state-mandated

SIP using testing and hospitalization rates. This allowed us to quantify

the divergence between the rates of positive case confirmations and

hospitalizations. In addition, we identified a shift in the age distribution

of new COVID-19–positive cases over the duration of the study.

MATERIALS AND METHODS

A total of 16,103 severe acute respiratory syndrome coronavirus 2

(SARS-CoV-2) reverse-transcription polymerase chain reaction tests

were performed on 15,807 patients at Stanford facilities between March

2 and April 11, 2020. Of these, 8309 tests were performed on 7929

patients in facilities in which the patient would have been admitted to

our hospital if necessary. We analyzed the fraction of tested patients that

were confirmed positive for COVID-19, the fraction of those needing

hospitalization, and the fraction requiring intensive care unit (ICU) ad-

mission over the 40 days between March 2 and April 11, 2020.

Data were obtained from a combination of 2 sources: a daily

refreshed snapshot of the health system’s Enterprise Data Warehouse

(EDW) and a twice-daily refreshed extract of all reverse-transcription

polymerase chain reaction laboratory tests for SARS-CoV-2 at Stan-

ford. Access to a view of the EDW was set up last year as part of Stan-

ford Medicine’s Program for Artificial Intelligence in Healthcare.12 The

EDW view consisted of 33 tables, containing demographics, diagnoses,

procedures, labs, and orders. These tables were refreshed nightly with

updated 1-year historical and current hospitalization information of

patients admitted in the census of the hospital. The access to the labo-

ratory testing was provided as part of Stanford’s data science response

to COVID-19.13 The laboratory testing data consisted of details about

the specimen collected, the result, the procedure of specimen collection,

identifiers to link with EDW tables, and symptoms documented on ad-

mission. The project to track SARS-CoV-2 test positivity and hospitali-

zation trends was initiated as a quality assurance project aimed at

enabling hospital capacity planning, and institutional review board ap-

proval (protocol # 55544) was obtained prior to this submission sum-

marizing the learning from this effort.

RESULTS

A total of 3.77% of COVID-19–positive patients required

an ICU admission
As shown in Figure 1, of these 7929 tested patients, 451 (5.68%)

tested positive for COVID-19, and of these 451 cases, 59 (13.08%)

were hospitalized following their test. Among the 59 hospitalized

cases, 17 (28.8% of hospitalized and 3.77% of all positive cases) re-

quired ICU care. Our observed case hospitalization rate is more in

line with the 12% reported nationally than the 25.5% reported in

New York City (as of April 7).14,15 The higher case hospitalization

rate in New York City may be due to the fact that low testing capac-

ity to case numbers might have led to severe cases being prioritized

for testing. Our ICU rate among confirmed cases similarly matches

American national reports of 2.9%, compared with the 5% reported

in China or 12% in Lombardy (Italy).16,17

The hospitalization rate slowed within 10 days of SIP,

even as confirmed cases continue to rise
Between March 2nd, 2020 and April 11th, 2020, we have continued

to see new COVID-19 cases, hospitalizations, and ICU admissions;

however, their rates have slowed (Figure 2). The doubling time for

each metric increased from under 5 days on March 16 to over 25

days as of April 11. The slowdown in hospital admissions began

within 10 days of SIP and was more dramatic than the slowdown of

confirmed cases. Forecasting models should incorporate the diver-

gence between the rate of new COVID-19 cases vs new hospitaliza-

tions to better forecast near-term demand on the health system.

Given that the test results and admissions data are available in

nearly real time, health systems–based monitoring of admission

rates and the doubling time of hospitalized patient counts can pro-

vide accurate data for both public health planning and epidemiologi-

cal modeling.3

Recently detected COVID-19 cases were younger than

were those detected prior to social distancing measures
As shown in Figure 3, between weeks 11 and 14 of the epidemic,

there was no significant shift in the age distribution of patients

tested. However, the average age of COVID-19–positive patients de-

creased (P ¼ .0004) from 55.6 (95% confidence interval [CI], 53.0-

58.3) years of age prior to social distancing (March 16, week 11) to

49.8 (95% CI 47.9—51.7) years of age after 2 weeks of social dis-

tancing (March 30, week 14).

Characteristics of COVID-19 cases hospitalized later

were the same as those hospitalized earlier
Compared with before social distancing, the mean length of stay of

hospitalized cases and rate of ICU admission was not significantly dif-

ferent (1.73 [95% CI, -2.16 to 5.62] days shorter and 4.1% absolute

increase [95% CI, -30% to 38%], respectively) than 2 weeks after so-

cial distancing (difference in means P ¼ .378 and .810, respectively)

(Table 1). Because the length of stay was right-censored for patients

still in the hospital, these estimates were corrected for censoring.

DISCUSSION

While most epidemic simulation models use new case rates, no cur-

rently published model takes into account the shifts in demographics

of positive patients, which is a major determinant of future hospital

admission rates. If most new cases are younger, the corresponding

need for hospitalizations will also be lower. Over the course of 5

weeks, we did not find a significant change in the age distribution of

patients presenting with influenza-like illness (ILI) and who tested

for COVID-19; however, we did find a significant shift toward

younger patients in those testing positive for COVID-19. The sim-

plest explanation for the shift toward younger patients testing posi-
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tive could be relaxing testing criteria. For example, guidelines at our

institution went from requiring ILI symptoms and a known COVID-

19 exposure to expressing symptoms consistent with ILI, to medical

doctor discretion. However, this does not explain why there is no

change in the demographics of patients getting tested for COVID-

19. A more plausible explanation is that because of the SIP order,

the at-risk elderly population is protected and hence less likely to

contract COVID-19. This interpretation is supported by the fact

that despite seeing a larger number of younger COVID-19–positive

patients, those that need to be admitted have similar ages, rate of

ICU admission, and length of stay as before the SIP order; now, we

see fewer absolute numbers of such cases.

Our analysis spanning 26 days after SIP clearly demonstrates

that the rate of confirmed cases, hospitalizations, and ICU admis-

sions for COVID-19 has flattened. The decrease in the rate of new

hospitalizations began within 10 days after SIP was initiated and

continues today. Despite the decrease in hospitalizations, we con-

tinue to see new patients presenting with ILI and younger patients

testing positive for COVID-19, indicating ongoing community

spread but perhaps in a lower-risk population.

This analysis demonstrates how, compared with new case counts,

new hospitalizations is a better metric both for detecting the effect of SIP

and for estimating the anticipated burden on the health system.10,11,18

Our findings also suggest that existing surge planning efforts should fre-

quently recompute hospitalization doubling time because the change

can be swift, as seen in our data.19 Models that do not use local hospital-

ization rates as well as the age distribution of the positive patients are

likely to overestimate the resource burden of COVID-19.

Investments made in setting up data feeds prior to and immedi-

ately at the outset of this crisis were critical to accessing such data

quickly. Additionally, a unification of our information technology

organizations across the School of Medicine and the Healthcare Sys-

Figure 1. Test result as well as hospitalization outcomes of patients tested for severe acute respiratory syndrome coronavirus 2. Each box represents 10 patients.

ICU: intensive care unit.
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Figure 2. Slowed growth in total cases detected, hospitalized, and admitted to the intensive care unit (ICU) is seen after the shelter-in-place order (first dashed

line). The prolongation of the doubling time of hospitalizations (yellow) happens faster and earlier than cases detected (gray). The divergence between the rate of

cases detected and slower rate of hospitalizations is seen within 10 days of the shelter-in-place order. Doubling times calculated over a 7-day sliding window

show that by March 28 (second dashed line), cases were doubling every 9 days, but hospitalizations were doubling every 13 days.

Figure 3. Change in age distribution of patients with positive severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) test (brown) compared with those

tested for SARS-CoV-2 (gray) for 4 weeks after sheltering in place order.
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tem, which was completed in September 2019, proved to be im-

mensely valuable enabling the setup of data access (such as to the

laboratory testing data) in a timely manner.

CONCLUSION

Given the relative ease of obtaining testing and admission data at a

health system, these metrics can not only help quantify the effects of

state-mandated SIP, but also enable better planning of health system

capacity to aid any actions required to return to precrisis operations.20

For any reopening scenario, accurate projections of near-term health

system capacity requirements are essential.21 Therefore, we must start

using these easily available, and useful, inputs right away.
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