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Importance: Patient age, comorbidity burden, and disease severity at presentation are the major factors
associated with surviving COVID-19. Hospital-level factors including ICU occupancy may confer additional
risk to individual patients, particularly at times of maximal stress on healthcare systems. The interac-
tion of patient- and hospital-level factors over time during pandemic disease remains an area of active
exploration.

Keywords: Objective: To determine the impact of patient and hospital risk factors during episodic surges, character-
COVID-19 ize severity distribution between waves, and evaluate patient-level impact of ICU capacity on COVID-19
Hospitalization survivorship.

Mortality Design: Retrospective cohort study.

Epidemiology Setting: Four acute care hospitals within an integrated healthcare network in San Diego, California.

Participants: All patients (18+ y.0.) admitted with a positive PCR test for SARS-CoV-2 or ICD-10 code for

COVID-19 from March 1, 2020 through June 30, 2021.

Main Outcome(s) and Measure(s): Patient survivorship and length of stay.

Results: Six thousand eight hundred fifty-one patients were evaluated in this large cohort series. Pa-

tient level factors associated with mortality included: severity at admission (WHO Clinical Progression

Score [WCPS]), age, gender, BMI, marital status, language preference, Elixhauser score, elevated labora-

tory (d-dimer, ferritin, LDH) or lower absolute lymphocyte count. When adjusting for patient age alone,

survivorship during surges was also inversely associated with ICU occupancy, though this correlation was

not present when adjusted for patient-level factors.

Conclusions and Relevance: Patient age, comorbidity burden, and severity at the time of presentation are

the major factors associated with surviving COVID-19. Hospital-level factors including ICU occupancy may

confer additional risk to individual patients, particularly at times of maximal stress on healthcare systems.
© 2022 Elsevier Inc. All rights reserved.

Following the introduction of the SARS-CoV-2 virus into human
populations, the COVID-19 pandemic has been marked by episodic
waves of cases, with increased community caseload followed by
the specter of surges of hospitalized patients and dramatic mortal-
ity rates. While the clinical impact of the disease has been tem-
pered by immunity from vaccination and/or prior infection [1],
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along with rapid advances in supportive care and pharmacologic
treatment, patients who are hospitalized still face a relatively high
risk of disease progression and mortality.

Much is already known about individual patient-level risk fac-
tors for severe disease and death. Age along with numerous
chronic health conditions are associated with development of se-
vere disease and death due to COVID-19 [2-4]. Environmental fac-
tors may also influence survivorship including hospital capacity,
[5] COVID-19 hospital volume, [6] and ICU bed capacity [7]. Inpa-
tient surges during pandemic COVID-19 are characteristically as-
sociated with rapid system stresses, with higher volumes and in-
creasing percentage of patients with COVID-19 admitted in short
order. In aggregate, these surge-related strains on healthcare sys-
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tems may account for one in four COVID-19 deaths in the United
States [8].

To better understand the impact of patient and hospital risk
factors during episodic surges, characterize severity distribution
between waves, and evaluate patient-level impact of ICU capacity
on COVID-19 survivorship, we analyzed time to mortality indepen-
dent of multiple demographics, clinical, and hospital related fac-
tors for patients hospitalized for COVID-19 at four acute care hos-
pitals within a large integrated healthcare network (IHN) in South-
ern California during the first three waves of the pandemic.

Methods
Data Sources

A retrospective cohort study was performed utilizing readily
available patient level information abstracted from the electronic
health record (Cerner Millennium) to identify all hospitalized pa-
tients admitted with COVID-19 between March 1, 2020 and June
30, 2021 at any acute care hospital within the IHN. Patient out-
comes were followed through November 30, 2021 to ensure a com-
plete discharge status. Hospital level factors were abstracted from
the submission file provided to the California Department of Pub-
lic Health and the California Hospital Association daily through the
study period. The study used only de-identified patient data and
was approved by the IHN's institutional review board

Study Population and Covariates

Adults (aged 18+ years) who were inpatient in the IHN
with a positive PCR test for SARS-CoV-2 or ICD-10 code for
COVID-19 (U07.1) were included for analysis. Demographic in-
formation included age (continuous and categorized) at admis-
sion, sex, BMI (<18.5,18.5-24.9, 25-29.9, 30-34.9, 35-49.9, and
>50) race/ethnicity (African American/Black non-Hispanic, Asian
non-Hispanic, Caucasian/White non-Hispanic, Hispanic/Latin, not-
reported/unknown/other), marital status (married, separated, wid-
owed, single, divorced, unknown/missing), language (English first,
English additional, non-English). Clinical information was ab-
stracted at the patient-level and included: d-dimer (0-499, 500-
999, 1000-1999, 2000-4999, >5000, missing), ferritin (<400, 401-
699, 700-999, 1000-1999, >2000, missing), LDH (<225, 226-315,
316-499, >500, missing), absolute lymphocyte count (0-0.49, 0.5-
0.99, 1.0-5.2, >5.2, missing), Hospital ICU Percent Occupancy at
Admission (continuous and categorized 0-74, 75-85, 86-90, 91-
95, >95, missing), and the presence of comorbidities as defined by
Elixhauser index with van Walraven modification [9] (continuous
and categorized <0, 0, 1-4, >5). With most variables, final disposi-
tion was available for all 6851 patients. Several variables, however,
required the creation of missing categories to prevent the removal
of larger numbers of patients for regression analyses where com-
plete case analysis was completed.

WHO Clinical Progression Score (WCPS)

The WHO Clinical Progression Score segments patients with
COVID-19 into categories of severity ranging from outpatient
(scores 0-2), inpatient without oxygen need (score 3), low-flow
oxygen (score 4), high-flow oxygen or noninvasive ventilation
(score 6), or invasive mechanical ventilation without or with or-
gan support (score 6-7 respectively) [10]. In large multisite trials,
WOCPS reliably segmented patients into cohorts at the time of en-
rollment, often with nonoverlapping mortality rates observed in
patients scored between 3 and 7 [11,12]. SQL programming was
utilized to assign the highest level of respiratory support for each
calendar day during the hospitalization, with previously discharged
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patients receiving a score of “A” if discharged alive and “D” if de-
ceased. The WCPS at admission was categorized into (3, 4, 5, 6, and
7) with those indicated with an 8 (deceased), removed for adjusted
regression analyses.

Admission Waves

Patient-level information was segregated to compare 4 natural
periods of the pandemic, using a nadir-to-nadir period based on
total volume of hospitalized patients. This provided 4 “waves” of
increased inpatient volume: wave 1 (March 1, 2020-June 6, 2020);
wave 2 (June 7, 2020-October 31, 2020); wave 3 (November 1,
2020-February 28, 2021), and postwave 3 (March 1, 2021-June 30,
2021).

Statistical Analysis

Descriptive and bivariate analyses including frequencies and
percentages of demographic, clinical, and hospital characteristics
among study participants stratified by wave of admission were
completed. Unadjusted associations between all characteristics and
the wave of admission as well as the survival status were com-
pleted using Pearson Chi-Square with a P < .05 level of statis-
tical significance. Unadjusted Kaplan-Meier survival estimates by
wave were computed and graphed. Saturated and manual back-
ward reduced multivariable Cox Proportional Hazards regression
models were used to investigate the adjusted hazards of survival
while also allowing computation of survival estimates for subgroup
analyses. The Harrell’s C-statistic [13] with right-censored data was
used for a measure of the model’s discriminatory value on a scale
ranging from 0-1.0, with 0.5 being equal to chance and 1.0 be-
ing perfect prediction. Survival estimates were output stratified by
wave, age, and Hospital ICU Percent Occupancy at Admission and
cumulative probability of survival estimates were graphed in ad-
dition to the survival estimates. All statistical analyses were con-
ducted using SAS (version 14.2).

Findings

The patient population of 6851 consisted of greater than 50%
of patients who were 60 years of age or older. Fifty-four percent
were percent men, and the majority had BMI between 18.5 and
30. Race/Ethnicity was in keeping with proportional representation
in the community of COVID-19 cases [14]. There were 83% of cases
were mild or moderate disease, with WCPS 3 or 4 on the day of
admission. Notably 40% of patients were admitted with ICU occu-
pancy at 90% or greater. Additional population characteristics are
detailed in Table 1.

The highest proportion of patients, 62%, was admitted between
November 1, 2020 and February 28, 2021 (wave 3). Unadjusted sta-
tistically significant differences (chi-square P-value <.05) by wave
(time period admitted) were found in age (older in wave 3), BMI
(higher in waves 2 and postwave 3), race/ethnicity (higher propor-
tions of Hispanic/Latin in waves 1 and 2), marital status (higher
proportions of divorced and single in postwave 3), language pref-
erence (higher proportions of non-English in waves 1 and 2), ICU
stay (highest proportion in wave 1), Elixhauser score (highest in
wave 1), ICU occupancy at admission (highest in wave 3), and ini-
tial WCPS at admission (highest in wave 3; Table 1). Gender was
not associated with wave of admission.

Hospital utilization and patient trajectories also demonstrated
secular effects. Time to progression of disease, defined as an in-
crease in 1+ point on WCPS, remained relatively stable, with ge-
ometric mean [95% CI] of 2.6 days [2.3-2.8], 2.3 days [2.1-2.5],
2.6 days [2.5-2.7], and 2.1 days [1.9-2.3] in each successive epoch.
Time to improvement, defined as a decrease in 1+ point on WCPS,
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Table 1
Patient characteristics by wave
Wave
Variable Population Wave 1 Wave 2 Wave 3 Post wave 3
N (%) N (%) N (%) N (%) N (%)
Age group” 265 (3.9) 26 (3.8) 68 (5.1) 127 (3.0) 44 (7.9)
10-29
30-39 441 (6.4) 46 (6.7) 99 (7.4) 246 (5.8) 50 (8.9)
40-49 730 (10.7) 76 (11.0) 166 (12.4) 406 (9.5) 82 (14.6)
50-59 1287 (18.8) 146 (21.2) 263 (19.6) 761 (17.9) 117 (20.9)
60-69 1612 (23.5) 164 (23.8) 307 (22.8) 1,013 (23.8) 128 (22.9)
70-79 1286 (18.8) 114 (16.5) 219 (16.3) 874 (20.5) 79 (14.1)
80-89 886 (12.9) 88 (12.8) 166 (12.4) 587 (13.8) 45 (8.0)
90+ 344 (5.0) 29 (4.2) 56 (4.2) 244 (5.7) 15 (2.7)
Gender 3188 (46.5) 315 (45.7) 637 (47.4) 1,960 (46.0) 276 (49.3)
Female
Male 3663 (53.5) 374 (54.3) 707 (52.6) 2,298 (54.0) 284 (50.7)
BMI category* 279 (4.1) 16 (2.3) 32 (2.4) 212 (5.0) 19 (3.4)
<18.5
18.5-24.9 1459 (21.3) 147 (21.3) 264 (19.6) 936 (22.0) 112 (20.0)
25-29.9 2089 (30.5) 224 (32.5) 417 (31.0) 1,298 (30.5) 150 (26.8)
30-34.9 1526 (22.3) 177 (25.7) 304 (22.6) 904 (21.2) 141 (25.2)
35-39.9 772 (11.3) 56 (8.1) 178 (13.2) 470 (11.0) 68 (12.1)
40+ 726 (10.6) 69 (10.0) 149 (11.1) 438 (10.3) 70 (12.5)
Race/Ethnicity* 280 (4.1) 23 (3.3) 54 (4.0) 163 (3.8) 40 (7.1)
African American/Black
Asian 492 (7.2) 32 (4.6) 75 (5.6) 349 (8.2) 36 (6.4)
Caucasian/White 1504 (22.0) 110 (16.0) 221 (16.4) 1,017 (23.9) 156 (27.9)
Hispanic/Latin 3609 (52.7) 448 (65.0) 797 (59.3) 2,133 (50.1) 231 (41.3)
Not reported, unknown, other 966 (14.1) 76 (11.0) 197 (14.7) 596 (14.0) 97 (17.3)
Marital status* 3050 (44.5) 311 (45.1) 593 (44.1) 1,915 (45.0) 231 (41.3)
Married
Separated 244 (3.6) 25 (3.6) 53 (3.9) 149 (3.5) 17 (3.0)
Widowed 891 (13.0) 86 (12.5) 170 (12.6) 584 (13.7) 51 (9.1)
Single 1796 (26.2) 186 (27.0) 348 (25.9) 1,082 (25.4) 180 (32.1)
Divorced 599 (8.7) 49 (7.1) 122 (9.1) 372 (8.7) 56 (10.0)
Unknown/missing 271 (4.0) 32 (4.6) 58 (4.3) 156 (3.7) 25 (4.5)
Language* 4098 (59.8) 362 (52.5) 739 (55.0) 2,596 (61.0) 401 (71.6)
English first
English additional 476 (6.9) 54 7.8) 99 (7.4) 294 (6.9) 29 (5.2)
Non-English 2277 (33.2) 273 (39.6) 506 (37.6) 1,368 (32.1) 130 (23.2)
ICU stay* 5173 (75.5) 415 (60.2) 948 (70.5) 3,397 (79.8) 413 (73.8)
No
Yes 1678 (24.5) 274 (39.8) 396 (29.5) 861 (20.2) 147 (26.3)
Elixhauser score* 642 (9.4) 53 (7.7) 127 (9.4) 408 (9.6) 54 (9.6)
Less than 0
0 1072 (15.6) 88 (12.8) 198 (14.7) 697 (16.4) 89 (15.9)
1-4 886 (12.9) 109 (15.8) 200 (14.9) 490 (11.5) 87 (15.5)
5 or more 4251 (62.0) 439 (63.7) 819 (60.9) 2,663 (62.5) 330 (58.9)
Score at admission 2127 (31.0) 207 (30.0) 483 (35.9) 1,240 (29.1) 197 (35.2)
3
4 3552 (51.8) 354 (51.4) 632 (47.0) 2,307 (54.2) 259 (46.3)
5 777 (11.3) 52 (7.5) 144 (10.7) 519 (12.2) 62 (11.1)
6-7 395 (5.8) 76 (11.0) 85 (6.3) 192 (4.5) 42 (7.5)
" p <0.05

decreased throughout the each period with geometric mean [95%
CI] of 4.6 days [4.1-5.2], 4.3 days [3.9-4.6], 3.3 days [3.1-3.5], and
2.8 days [2.4-3.2]. Length of stay similar improved, with geometric
mean of wave 1 at 7.9 days [7.3-8.5], wave 2 at 6.4 days [6.1-6.7],
wave 3 at 5.4 days [5.2-5.5], postwave 3 at 4.8 days [4.4-5.2].

The univariate and bivariate mortality experience of the patient
population of 6851 was 1160 (17.0%) deceased or discharged to in-
patient hospice (mortality). Unadjusted statistically significant dif-
ferences (chi-square P-value <.05) in mortality (yes/no) were found
between waves, with additional significant differences in mortal-
ity, WCPS at admission, age, gender, BMI, marital status, language
preference, Elixhauser score, ICU, and occupancy at admission. Pa-
tients with elevated laboratory (d-dimer, ferritin, LDH) or lower ab-
solute lymphocyte count had significantly higher mortality when
compared to patients with normal values. Race/ethnicity was not
associated with mortality in this bivariate analysis.
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In the multicollinearity investigation, there were no variables
exhibiting collinearity as measured with a variance inflation level
of >4.0. Saturated and reduced multivariable Cox Proportional re-
gression analysis results are reported in Supplemental Table 1.
There was little difference in measures of effect between the sat-
urated and reduced models suggesting minimal adjustment with
wave being left in the final model even though the overall P-value
was not <.05.

In the reduced model, those admitted in wave 3 were at 1.14
times the risk of mortality when compared with those admitted
in wave 1 though the finding was not statistically significant (ad-
justed hazard ratio [AHR]| = 1.14; 95% CI = 0.93-1.39). After adjust-
ing for all other variables in the model, those who were 90 years
of age or older were at 13 times the risk of mortality when com-
pared to those less than 30 (AHR = 13.01; 95% CI = 5.23-32.39).
Patients who had a BMI <18.5 were at 1.5 times the risk of mor-
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Fig. 1. Survival difference by ICU occupancy, stratified by age. Adjusted cumulative probability of mortality or discharge to hospice, stratified by age, comparing ICU capacity

and 90% or greater vs less than 90%.

tality when compared to those with a normal BMI (AHR = 149;
95% CI = 1.17-2.91), and those who were divorced (AHR = 0.73) or
widowed (AHR = 0.83) were at lower risk when compared to those
who were married. After adjusting for all other variables in the
model, those who had an Elixhauser score of 5 or more had 1.70
times the risk of mortality when compared to those with a score
of 0 (AHR = 1.70; 95% CI = 1.23-2.34) and those with a WCPS
of 6 or 7 at admission had 2.44 times the risk of mortality when
compared to those with a score of 3 (AHR = 2.44; 95% CI = 1.91-
3.12). Those with d-dimer >5000 (AHR = 1.53; 95% CI = 1.13-
2.07), ferritin >2000 (AHR = 1.36; 95% CI = 0.98-1.89), LDH >500
(AHR = 2.64; 95% CI = 1.75-3.98), and absolute lymphocyte count
>5.2 (AHR = 145; 95% CI = 0.53-3.97) were at increased adjusted
risk when compared to patients with labs in the reference range.

The corresponding cumulative probability plots of mortality
by wave remained stable and parallel over the follow-up period
though there was a divergence which suggests a temporal effect
of the time-period (Fig. 1). Though time differences are shown in
the figure, with wave 3 having the highest probability of mortality,
there was no statistically significant interaction between wave and
time when tested.

Sensitivity analyses of age and percent ICU occupancy at admis-
sion were also conducted. Patients admitted when ICU occupancy
was at 90%-94.9% were at 1.60 times the risk of mortality (unad-
justed HR = 1.60; 95% CI = 1.04-2.45) while those admitted when
the ICU occupancy was at >95% were at 1.43 times the risk (unad-
justed HR=1.43; 95% CI=0.94 to 2.18) when compared to patients
admitted to the ICU occupancy at less than 50% occupancy. When
restricting the patient population to those admitted when the ICU
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occupancy was at >90%, the unadjusted risk doubled for each age
group. Risk in those aged 50-59 went from 1.80 in the full patient
population to 3.51 for those admitted when the ICU occupancy was
at 90%. Risk in those age 60-69 went from 3.21-5.99; 70-79 went
from 4.91-9.72; 80-89 went from 9.82-18.83; and >90 went from
17.54-31.92 (data not shown). Visual inspection of the cumulative
probability plots of mortality by age category over the follow-up
period suggests a temporal effect of the time-period (Fig. 2) and a
clear difference in risk in age categories for those admitted when
the ICU occupancy was >90%.

Discussion

Our findings demonstrate survivorship of COVID-19 is most
strongly associated with younger age, lack of comorbidities, and
severity of illness at the time of presentation to the hospital. No-
tably, we observed a shift in the severity of patient admitted to
the IHN hospitals between waves, with a significantly higher pro-
portion of critical cases (WCPS 5 through 7) observed in wave 3
(Fig. 2), that is not readily explained by demographic shifts, co-
morbidity burden, or the predominant SARS-CoV-2 strain during
each wave (waves 1 through 2 were predominantly wild-type and
later S:D614G strains; wave 3, Epsilon; and post-wave 3, Alpha)
[15]. We do not have a ready explanation other than it is pos-
sible patients presented with more advanced disease—be it from
denial of illness, concern about their own use of scarce resources,
caring for family members who are also ill, socioeconomic inse-
curity, etc.—and hence imparted spectrum bias with on-average
sicker patients during peak hospital demand. Akin to other reports
we found that Race/Ethnicity were not associated with survivor-
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Fig. 2. Patient severity distribution presented as a cumulative time series. Each patient’s daily WHO Clinical Progression Score is normalized to the day of hospitalization.
Those who were discharged are maintained in the cohort over time. Patients are grouped by admission date, segmenting into four natural periods during the first 1.5 year
of the COVID-19 pandemic: wave 1 (top-left), wave 2 (top-right), wave 3 (bottom-left), postwave 3 (bottom right). WCPS: 3 (green), 4 (yellow), 5 (red), 6 (dark red), 7

(magenta), 8 (blue) discharge alive (light blue), discharged deceased (purple).

ship when accounting for other patient factors (age, Elixhauser
score, and severity in particular) [16,17] in this insured and pre-
dominantly managed care population. In this cohort obesity, as de-
fined by BMI, was also not associated with mortality after adjust-
ing for other covariates.

We also observed that when adjusting for patient age alone,
survivorship during surges is also inversely associated with ICU oc-
cupancy on admission, though this correlation is not present when
accounting for additional patient-level factors—most notably sever-
ity on the time of admission (WCPS on day 1). While surge dy-
namics and hospital strain are very likely to impact patient care,
particular when ICU occupancy is at its higher, [1,18,19] a single
measure of hospital strain (ICU occupancy on admission) may not
be a sensitive enough to assess the additive mortality risk fac-
tor for patients admitted to the hospital with COVID-19. However
in light of well-executed population-level studies that continue to
demonstrate inverse relationships between community caseload,

resource scarcity and survivorship during the pandemic, [6,7,20]
hospitals and communities would be well advised to consider the
additive mortality risk imposed by surges. Together, this dynamic
interaction of patient, pathogen, and hospital-level factors need to
be considered when understanding the course of the pandemic at
both the individual and group level (Fig. 3)—particularly in light of
growing population immunity and changes to virulence as novel
strains arise [21,22].

Unique among inpatient studies, outcomes are available for all
cohort participants—including a time series of severity for every
patient on every hospital day. This provides unique insights not
only on hard outcomes, but intermediate measures of illness tra-
jectories and by proxy resource utilization and bed allocations for
each epoch under investigation. Using this approach, we are read-
ily able to demonstrate that each sequential wave also brought im-
provements with clinical outcomes, with decreasing length of stay
and time to improvement over the study period.
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VIRUS/VARIANT

SURVIVAL

Fig. 3. Conceptual model of COVID-19 outcomes and impact of surges patient and system-level factors impact survivorship during pandemic illness. While patient-level
factors are most easily studied, the context of care and pathogen-related characteristics remain critical and less well-understood elements that impact outcomes.

A major shortfall in our dataset is the unknown vaccination sta-
tus of patients. While this is likely to have minimal impacts in
waves 1 through 3 when most of the population was not eligi-
ble for vaccination, vaccination status is also likely to be associ-
ated with other health-seeking and risk-reduction behaviors. More
directly, immunization confers significant risk reduction against
symptomatic disease, even among breakthrough cases that are ul-
timately hospitalized, [23] and thus remains an important and un-
measured confound.

Receipt of disease-modifying pharmacotherapy and other sup-
portive measures was also not directly assessed in this study. Nu-
merous classes of drug impact survivorship and risk of disease pro-
gression, and while we are confident the vast majority of hospi-
talized patients received best-practice care during their hospital-
ization, implementation of evolving biomedical science remains a
challenging measure and an even more difficult one to study. The
aggregate impact of evolving treatments is only accounted indi-
rectly via our secular covariate (“waves”), coinciding with the ad-
vent of routine use of prophylactic or intermediate dose anticoag-
ulation and remdesivir [24] (wave 1), corticosteroids [12] (wave 2),
anti-IL6 [25], and JAK inhibitors [26,27] (wave 4).

Beyond patient-level factors, in this work we are unable to elu-
cidate whether hospital-level factors represent direct and/or indi-
rect environmental risk during surges. Staffed bed occupancy is but
one of many challenges faced by hospital teams during surges; ad-
ditional unmeasured confounds such as staffing and provider avail-
ability, patient to staff/provider ratios, equipment utilization, phar-
maceutical availability, etc., were episodically impacted as well but
remain unmeasured in this work. In addition, any COVID-related
deaths that occurred without hospitalization were not included in
this analysis.

Future Directions

In the face of an evolving pathogen and shifts in population-
level immunity, we strongly encourage organizations and govern-
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ments to enhance minimum reporting standards, by adding mea-
sures of disease severity, immunity status (both through vaccina-
tion and confirmed prior infection), and when possible, link indi-
vidual cases to viral genotype to elucidate the complex interplay of
patient, treatment, and pathogen.

Conclusions

Patient age, comorbidity burden, and severity at the time
of presentation are the major factors associated with surviving
COVID-19. ICU occupancy may confer additional risk to individual
patients, particularly at times of maximal stress on healthcare sys-
tems, though the direct or indirect impacts on patient survivor-
ship and disease trajectory remains difficult to disentangle from
patient-level factors and may be smaller than previously reported.
Host immunity and pathogen virulence remain in ongoing inter-
play as a novel virus continues to infect the human population;
and hence additional information regarding prior infection and/or
vaccination history as well as SARS-CoV-2 variant genotype re-
mains a critical piece to understand the evolving risk from this
pathogen. These findings demonstrate the need for nuanced inter-
pretations of hospitalized patient outcomes in the face of major
secular trends during the pandemic, namely: shifting patient de-
mographics, ongoing improvements in treatment, episodic health
system strains, shifts in population immunity, and novel variants.
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