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BACKGROUND: Widespread reports suggest the charac-
teristics and disease course of coronavirus disease 2019
(COVID-19) and influenza differ, yet detailed comparisons
of their clinical manifestations are lacking.

OBJECTIVE: Comparison of the epidemiology and clinical
characteristics of COVID-19 patients during the pandem-
ic with those of influenza patients in previous influenza
seasons at the same hospital

DESIGN: Admission rates, clinical measurements, and
clinical outcomes from confirmed COVID-19 cases be-
tween March 1 and April 30, 2020, were compared with
those from confirmed influenza cases in the previous five
influenza seasons (8 months each) beginning September
1, 2014.

SETTING: Large tertiary care teaching hospital in Boston,
MA

PARTICIPANTS: Laboratory-confirmed COVID-19 and
influenza inpatients

MEASUREMENTS: Patient demographics and medical
history, mortality, incidence and duration of mechanical
ventilation, incidences of vasopressor support and renal
replacement therapy, and hospital and intensive care
admissions.

RESULTS: Data was abstracted from medical records of
1052 influenza patients and 582 COVID-19 patients. An
average of 210 hospital admissions for influenza occurred
per 8-month season compared to 582 COVID-19 admis-
sions over 2 months. The median weekly number of
COVID-19 patients requiring mechanical ventilation was
17 (IQR: 4, 34) compared to a weekly median of 1 (IQR: O,
2) influenza patient (p=0.001). COVID-19 patients were
significantly more likely to require mechanical ventilation
(831% vs 8%) and had significantly higher mortality (20%
vs. 3%; p<0.001 for all). Relatively more COVID-19 pa-
tients on mechanical ventilation lacked pre-existing con-
ditions compared with mechanically ventilated influenza
patients (25% vs 4%, p<0.001). Pneumonia/ARDS sec-
ondary to the virus was the predominant cause of me-
chanical ventilation in COVID-19 patients (94%) as op-
posed to influenza (56%).
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LIMITATION: This is a single-center study which could
limit generalization.

CONCLUSION: COVID-19 resulted in more weekly hospi-
talizations, higher morbidity, and higher mortality than
influenza at the same hospital.
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INTRODUCTION

Coronavirus disease 2019 (COVID-19) and influenza are
contagious viral diseases characterized by pneumonia and
acute respiratory failure in severe cases. Both place a burden
on the health care system, but objective granular assessments
of their comparative impact on individuals and the healthcare
system are lacking in the literature.

The epidemiology, symptomology, and annual public
health burden presented by influenza are generally well char-
acterized; however, this is largely through estimates as op-
posed to comprehensive reporting.' The Centers for Disease
Control and Prevention (CDC) estimates that over the past 10
years, between 9 and 45 million people have contracted influ-
enza annually in the USA, with annual hospitalizations rang-
ing from 140,000 to 810,000 and annual mortality ranging
from 12,000 to 61,000 (between 0.10 and 0.17% of all cases),
depending on the severity of the season.” Influenza generally
achieves community spread nationwide and can strike all age
groups, but mortality is consistently higher in patients who are
elderly, immunocompromised, and/or have pre-existing co-
morbidities such as chronic obstructive pulmonary disease,
chronic kidney injury, cirrhosis, or cardiac disease.’ De-
cades of experience with influenza have led to vaccination
programs which can mitigate the impact of influenza in years
when the predominant circulating strain is accurately
predicted.'”

Official CDC counts indicate that over one million people
in the USA have contracted COVID-19 between the virus’s
first detected cases through April 30, 2020, with over 150,000
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hospitalizations and over 63,000 deaths reported as of that
date.!" However, the methods for reporting COVID-19 and
influenza cases and outcomes differ in that COVID-19 is
directly reported from each state whereas influenza cases are
estimates based on reporting from selected hospitals." More-
over, granular comparisons between these two diseases such
as rates and duration of respiratory failure (i.e., mechanical
ventilation), need for hospitalization, outcomes of those pa-
tients without comorbid disease, frequency of non-pulmonary
organ injury, and mortality are lacking, yet essential for un-
derstanding these two disease processes.

In this study, we compared the epidemiology and clinical
characteristics of COVID-19 patients admitted to a large ter-
tiary care teaching hospital in March and April of 2020 with
those of influenza patients admitted to the same hospital over
the prior 5 years.

METHODS

Design. This was a single-center, retrospective study at an
urban tertiary care center. We compared patients admitted to
the hospital with a positive laboratory test for influenza during
five influenza seasons (September—April 2014-2019) to
patients with a positive laboratory test for COVID-19 in
March and April 2020. This study was reviewed by the Insti-
tutional Review Board at Beth Israel Deaconess Medical
Center, which determined the study met exempt status. Writ-
ten informed consent was therefore not required.

Patient Population. Adult (aged >17 years) patients were
included if they were admitted to the hospital for confirmed
influenza or COVID-19 during the time frames of interest.
Patients with influenza or COVID-19 were screened for eligi-
bility by International Classification of Diseases, 10th revision
(ICD-10) codes (see Appendix) and/or laboratory-based test-
ing. Of the screened patients, only patients with confirmed
positivity by laboratory test during that hospitalization were
included. Laboratory diagnosis of influenza and SARS-CoV-2
were carried out through specific real-time reverse
transcriptase—polymerase chain reaction (RT-PCR) assays of
nasal swab specimens. The ICD-10 codes are displayed in
Supplement Table S1.

Study Data A cquisition. Patient data included demographics,
personal medical histories (e.g., chronic comorbid conditions),
laboratory findings on admission, intensive care unit
admission status, intensive care unit length of stay, invasive
mechanical ventilation, hospital length of stay, and mortality.
Key variables including the presence and duration of invasive
mechanical ventilation, comorbidities, and mortality were
manually reviewed to verify the data. Specifically, trained
research assistants reviewed all individual patient charts to
gather comorbidity data. A physician, author RP, reviewed

classified reasons for intubation by chart review (see
supplemental table S2). If the reason for intubation was not
clear, author MD adjudicated the reason for intubation. To
compute the volume of admissions between the two diseases,
weekly counts of hospital admissions and mechanically ven-
tilated patients were assessed during the peak 2 months of
influenza seasons from 2014 to 2019 and from March to April
2020 for COVID-19. All cases for which laboratory testing
occurred greater than five days after admission were reviewed
to determine if the disease was believed to be nosocomial. For
other variables (e.g., laboratory values), a sample of randomly
chosen data was verified using manual chart review. Defini-
tions for elements of the data abstraction are displayed in
Table S2 in the supplementary materials.

Outcomes. We collected a number of continuous and
categorical outcomes. The continuous outcomes included the
duration of mechanical ventilation, the duration of the
patient’s index hospital stay for that year, the number of
weekly admissions, and the number of weekly incident
mechanical ventilation. The categorical outcomes included
the incidence of mechanical ventilation, shock, renal
replacement therapy, hospital readmissions, ICU admissions,
and in-hospital mortality, as well as the reason for mechanical
ventilation the proportion of patients on mechanical ventila-
tion with no major comorbidities, and the proportion of overall
patients with no major comorbidities.

Data Analysis. Continuous data are presented as medians with
interquartile ranges and categorical data are presented as
counts and percentages. For continuous outcomes, medians
were compared using a Wilcoxon rank-sum test. For categor-
ical outcomes, proportions were compared using chi-squared
or Fisher’s exact tests, as appropriate. A subgroup analysis
was performed on patients intubated for COVID-19 and in-
fluenza pneumonia/ARDS. All analyses were done using Stata
14.2 (College Station, TX) and a p value <0.05 was considered
statistically significant.

RESULTS

Overview of COVID-19 and Influenza Admis-
sions with Key Outcomes

In total, 1855 patients were identified and 1634 were included
in the study (Fig. 1). Of those included in the study, 582
patients had laboratory-confirmed SARS-CoV-2 and 1052
patients had laboratory-confirmed influenza. An overview of
admissions, intensive care unit admissions, receipt of mechan-
ical ventilation, and mortality is illustrated per influenza sea-
son compared to COVID-19 (Table 1). The total admissions
for influenza per eight-month influenza season averaged 210
(95% CI: 150-271) compared to a total of 582 COVID-19



JGIM

Donnino et al.: Comparison between Patients with Influenza and COVID-19

1691

Identified using ICD codes or
positive test results (n=1855)

Excluded (n=221)
e Flu negative/inconclusive (n=86)

A

4

e  Nosocomial infection (n=78)

e Readmissions during same season (n=44)
e COVID-19 negative (n=26)

e Not admitted to hospital (n=1)

¢ Duplicate patient (n=1)

Analyzed (n=1634)

v

COVID-19 positive (n=582)

\4

Influenza positive (n=1052)

e 2014-2015 Influenza season (n=226)
e 2015-2016 Influenza season (n=134)
e 2016-2017 Influenza season (n=215)
e 2017-2018 Influenza season (n=268)
e 2018-2019 Influenza season (n=209)

Figure 1 Patient inclusion/exclusion criteria.

admissions over the 2-month COVID-19 study period. A total
of 174 COVID-19 patients who were admitted in March and
April 2020 were placed on mechanical ventilation compared
to 84 patients admitted over five seasons of influenza. The
proportion of admitted patients who received mechanical ven-
tilation was significantly higher for COVID-19 patients com-
pared to that for influenza patients (30% [174/582] versus 8%
[84/1052], p< 0.001). One hundred and nineteen patients
(20%) admitted in March and April 2020 with COVID-19
died compared to 34 patients (3%) over five seasons of influ-
enza (p<0.001). Figure 2 illustrates the rates of COVID-19
admissions compared to influenza admissions per season in

Table 1 Number of Total Patients, Deaths, ICU Admissions, and
Patients Requiring Mechanical Ventilation in Five Influenza
Seasons (September 2014—May 2019) and the Initial 2 Months
(March and April 2020) of COVID-19

Season  Total Mortality, ICU Mechanical
patients, n (%) admission, ventilation,
n n (%) n (%)

Influenza (season—September to April: 8 months)

2014- 226 5(Q2) 54 (24) 18 (8)

2015

2015- 134 3(Q) 37 (28) 15 (11)

2016

2016— 215 73) 34 (16) 94)

2017

2017- 268 10 (4) 60 (22) 259

2018

2018- 209 94) 46 (22) 17 (8)

2019

Total 1052 34 (3) 231 (22) 84 (8)

COVID-19 (season—March to April: 2 months)

2020 582 119 (20) 251 (43) 174 (30)

p<0.001 for comparison between total influenza mortality and COVID-
19 mortality, comparison between total influenza ICU admissions and
COVID-19 admissions, and comparison between total influenza
mechanical ventilation and COVID-19 ventilation

the busiest 2 months of each influenza season. The timing of
local social distancing measures for COVID-19 is also indi-
cated in Figure 2. There was a median of 70 (IQR: 13, 1434)
COVID-19 patients admitted per week compared to 16 (IQR:
8, 20) during the busiest 2 months of the influenza season
(p=0.044). In addition, the number of COVID-19 patients
placed on mechanical ventilation per week was 17 (IQR: 4,
34) compared to a median of 1 (IQR: 0, 2) influenza patient
(p<0.001).

Demographics and Clinical Characteristics

Patient demographics and medical history are summarized in
Table 2. Laboratory values for all patients and patients who
required mechanical ventilation are displayed in supplement
Tables S3 and S4. There were 304 (52%) males admitted with
COVID-19 and 481 (46%) males admitted with influenza. The
median age for COVID-19 admissions was 66 (IQR: 52, 77)
and 68 (IQR: 56, 80) for influenza admissions. The median
body mass index for COVID-19 patients was 29.3 (IQR: 25.7,
34.1) compared to 27.3 (IQR: 23.6, 32.3) for influenza. Past
medical history is noted between the two groups in Table 2 for
the COVID-19 cohort and the 5 seasons of influenza. There
were significantly more patients with no major comorbidities
in the COVID-19 group than in the influenza patients (113
[19%] vs 90 [9%], p<0.001).

In patients who received mechanical ventilation, 55% of the
COVID-19 patients were male, compared to 57% of the
influenza patients. The median age for COVID-19 patients
on mechanical ventilation was 66 (IQR: 54, 74), compared
with 68 (IQR: 57, 81) for influenza patients on mechanical
ventilation. The median body mass index for COVID-19
patients on mechanical ventilation was 30.8 (IQR: 27.3,
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Figure 2 Comparison of COVID-19 hospital admissions during the 9 weeks in March—April 2020 and influenza hospital admissions for the
peak 9 weeks in five different seasons. The arrow denotes the approximate timing of the “stay at home” order proclaimed by the Governor of
Massachusetts on March 24, 2020.

36.1) compared to 27.6 (IQR: 23.3, 32.6) for influenza pa- ventilation (44 [25%] vs 3 [4%], p<0.001). The reasons for

tients. COVID-19 patients who were mechanically ventilated intubation and subsequent mechanical ventilation are
were statistically significantly more likely to not have major displayed in Table 3. Overall, the reasons for intubation in
comorbidities compared to influenza patients on mechanical COVID-19 patients were different than those intubated for

Table 2 Demographics and Past Medical History

All patients Mechanically ventilated patients
COVID-19 Seasonal influenza P COVID-19 Seasonal influenza  p
(n=583) (n=1052) value (n=174) (n=84) value
Demographics
Male: n (%) 304 (52) 481 (46) 0.013 96 (55) 48 (57) 0.765
Age: median years (IQR) 66 (52, 77) 68 (56, 80) 0.005 66 (54, 74) 68 (57, 81) 0.086
Body mass index: median (IQR)* 29.3 (25.7, 27.3 (23.6, 32.3) <0.001  30.4 (27.3, 28.0 (23.3, 32.9) <0.001
34.0) 35.5)
Past medical history
No major comorbidities: n (%) 113 (19) 90 (9) <0.001 44 (25) 34 <0.001
Cardiovascular disease: n (%) 141 (24) 373 (35) <0.001 37 (21) 27 (32) 0.058
Respiratory disease (COPD, asthma): n 119 (20) 299 (28) <0.001 29 (17) 30 (36) <0.001
(%)
Dementia: n (%) 69 (12) 84 (8) 0.010 10 (6) 5(6) >0.999
Stroke: n (%) 50 (9) 90 (9) 0.988 8 (5) 1(1) 0.279
Immunosuppressed (HIV/ AIDS, 10 (2) 96 (9) <0.001 3(2) 4 (5 0.220
transplant): n (%)
Hypertension: n (%) 352 (60) 638 (61) 0.915 106 (61) 48 (57) 0.562
Diabetes mellitus: n (%) 210 (36) 298 (28) 0.001 69 (39) 30 (36) 0.542
Renal disease: n (%) 110 (19) 211 (20) 0.562 30 (17) 15 (18) 0.903
Liver disease: n (%) 25 4) 73 (7) 0.031 11 (6) 1(1) 0.111
Cancer: n (%) 95 (16) 278 (27) <0.001 32 (18) 24 (29) 0.063
Morbid obesity (BMI>40) 52 (11) 77 (8) 0.062 23 (14) 4 (6) 0.113
Alcohol use disorder: n (%) 33 (6) 147 (14) <0.001 16 (9) 7 (8) >0.999
Tobacco: n (%) 107 (18) 211 (20) 0.405 29 (17) 22 (26) 0.072

*Body Mass Index were missing from 77 patients with COVID-19 and 22 patients with influenza
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Table 3 Reasons for Respiratory Failure in Patients with COVID-
19 in March-April 2020 Compared to Patients with Influenza in
Five Influenza Seasons (September 2014-May 2019)

COVID-19  Influenza D
(n=175) (n=84) value
Pneumonia/acute respiratory 164 (94) 47 (56) <0.001
distress syndrome: n (%)
Exacerbation of pre-existing 0 (0) 12 (14)
health condition
(e.g., asthma, chronic lung
disease, etc.):n (%)
Other causes:n (%) 10 (6) 17 (30)
Neurological (e.g., 1(1) 4 (5)
intracranial bleed) 2 (1) 8 (10)
Surgery/procedure 2(1) 1(1)
Cardiac arrest 1(1) 2(2)
Gastrointestinal hemorrhage 0 (0) 1(1)
Hemodynamic instability 0 (0) 1(1)
Trauma 1(1) 0 (0)
Unknown 3(Q) 8 (10)

Multifactorial causes not
deemed to be primarily
pneumonia

influenza (p<0.001). Pneumonia and/or acute respiratory dis-
tress syndrome (ARDS) was the reason for 94% of intubations
in COVID-19 patients, while this accounted for only 56% of
intubations in influenza patients. Additionally, no COVID-19
patients received mechanical ventilation due to exacerbation
of pre-existing conditions compared to 14% of influenza cases
who received mechanical ventilation for this indication.

Additional Outcomes

Table 4 summarizes additional clinical outcomes including
duration of index hospital admission, duration of mechanical
ventilation, provision of vasopressor support, and provision of

Table 4 Clinical Outcomes in COVID-19 Patients Treated between
March and April 2020 and Influenza Patients Treated During five
Influenza Seasons (September 2014—May 2019)

Outcome COVID-19  Influenza P
Spring, 20142019 value
2020 (n= (n =1052)
582)

Index hospital length of 8 (4, 16) 42,7 <0.001

stay:median days (IQR)

Mechanical ventilation:n 174 (30) 84 (8) <0.001

(%)

Time on mechanical 14.3 (7.9, 3(1.7,7.9) <0.001

ventilation—intubated pa- 22.5)

tients:* median days (IQR)

Time on mechanical 14.7 (8.5, 3.8 (2.0, <0.001

ventilation—intubated pa- 22.7) 12.5)

tients with pneumonia/

ARDS:* median days (IQR)

Shock - on vasopressors 177 (30) 74 (7) <0.001

during hospitalization**:n

(%)

Renal replacement therapy: 50 (9) 12 (1) <0.001

n (%)

Readmitted within 30 29 (5) 15 (1) <0.001

days:n (%)

Hospital mortality: n (%) 119 (20) 34 (3) <0.001

*Including reintubation time

**Measured at the encounter level (n=613 for COVID-19; n=1070 for

influenza)

renal replacement therapy. Patients with COVID-19 had a
statistically significantly longer median duration of mechani-
cal ventilation than patients with influenza (14.3 [IQR: 7.9,
22.5] vs 3.3 [IQR: 1.7, 7.9] days, p<0.001). Fifty COVID-19
patients (9%) received renal replacement therapy during their
hospitalization, compared to 12 (1%) of influenza patients
(p<0.001). One hundred and seventy-seven COVID-19 pa-
tients (30%) received vasopressor support during their hospi-
talization, compared to 74 (7%) of influenza patients
(p<0.001). Six of the COVID-19 deaths during the 2-month
COVID-19 window were patients who had no major comor-
bidities (1% of total patients), whereas potentially only three
deaths during 5 years of influenza seasons were patients
without comorbidities (0.3% of total patients). No deaths
among those without major comorbidities were reported in
the most recent influenza season. Of note, one of the three
deaths in the influenza cohort occurred in a patient who
presented with and died from widespread arterial and venous
thrombus of unclear etiology and had not seen a physician in
many years thus making a determination of underlying condi-
tions difficult but was given a default labeling of healthy.

In the subgroup analysis of patients with COVID-19 and
influenza pneumonia, we found that those with COVID-19
were younger (66 years vs 70 years, p 0.024), had less pre-
existing comorbid disease (26% vs 9%, p value 0.009), and
had longer time on mechanical ventilation (14.7 days vs 3.8
days, p value <0.001) (Supplementary table S5). Secondly, we
evaluated if the cause of death in patients with COVID-19/
influenza was directly or indirectly related or unrelated to the
virus. Of all the deaths, 98% of deaths were directly or indi-
rectly due to COVID-19 as and 89% of deaths were directly or
indirectly due to influenza (supplementary table S6).

DISCUSSION

COVID-19 has been compared to influenza by both health
care professionals and the lay public '*~'® but limited detailed
objective data are available for comparing and contrasting the
impact of these two disease processes on patients and hospi-
tals. We found that admissions for COVID-19 over a 2-month
period at our medical center were more than double the total
number of admissions for influenza during any 8-month in-
fluenza season in the past 5 years. In addition to the larger
volume of cases within a much shorter time period, severity of
illness and lethality for COVID-19 were also markedly higher
than for influenza. We observed more mechanically ventilated
COVID-19 patients (i.e., those with severe, life-threatening
illness) in a 2-month period than occurred in five entire sea-
sons of influenza combined, and a similar observation was
made with patient deaths. Taken together, these findings indi-
cate that COVID-19 causes more severe disease and is more
lethal than influenza.

COVID-19 resulted in not only a marked increase in the
number of mechanically ventilated patients in a short period of
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time but also a longer median duration of mechanical ventila-
tion within this population. Specifically, 174 patients required
mechanical ventilation for COVID-19 with a median duration
on the ventilator of 14 days. In contrast, the combined seasons
of influenza only resulted in 84 mechanically ventilated pa-
tients for a median duration of 3 days. This combination
illustrates both the acute severity of disease and the prolonged
nature of the respiratory failure that occurs in COVID-19
compared to influenza.

COVID-19 caused a substantial number of patients without
major comorbid disease to require mechanical ventilation (44
people in 2 months). In contrast, influenza rarely led to me-
chanical ventilation in patients without underlying comorbid-
ities (3 people over five seasons). In this specific subgroup,
five patients with COVID-19 died in the 2-month period
compared to one with influenza over 5 years. Pneumonia
and acute respiratory distress syndrome were the predominant
causes of mechanical ventilation for COVID-19 (94%),
whereas this was not the case for influenza (56%). With
influenza, the need for mechanical ventilation often developed
as a result of exacerbation of a pre-existing health condition
such as asthma or chronic obstructive pulmonary disease
(COPD), which did not occur in COVID-19. The apparently
higher rate of pneumonia and ARDS in our COVID-19 cohort
may at least partly explain the more frequent occurrence of
respiratory failure and death even in the absence of serious
comorbidities.

In addition to acute respiratory failure, rates of vasopressor
and renal replacement therapy were significantly increased in
COVID-19 compared to influenza. The increased disease
severity reflected in the rates of acute respiratory failure and
other-organ injury paralleled the overall higher lethality of
COVID-19 which resulted in 119 deaths in 2 months com-
pared to 34 deaths from influenza over five seasons. The
disparity in deaths was driven by both increased volume of
cases and increased lethality within that volume in COVID-19
patients. This study did not evaluate organ injuries such as
liver failure, neurological injury, and coagulation disorders, all
of which have been reported with COVID-19.!"%?

The increase in volume of COVID-19 cases compared to
influenza is noted in Figure 2. This increase in patient volume
occurred despite the implementation of increasingly stringent
social distancing in Boston starting on March 15, 2020,24 and
a statewide stay-at-home advisory starting on March 24,
2020.%° New cases began to decrease approximately 6 weeks
after these measures were taken, though with resurgence of
second wave number of cases in Boston started increasing in
the month of November. Thus, the overall volume of cases of
COVID-19 in this report was likely modified by these mea-
sures, whereas these mitigation measures were not taken dur-
ing any influenza season. Influenza, however, can be modified
by the implementation of widespread vaccination programs
which are currently not available for COVID-19. Conversely,
we are comparing a new pandemic due to COVID-19 to a
well-studied endemic influenza entity.

While not a focus of this study, the critical care resources
required to manage the marked increase and severity of dis-
ease in COVID19 included the emergent conversion of surgi-
cal and cardiac intensive care units to medical intensive care
units, and the conversion of post-anesthesia care units and
multiple medical wards to intensive care units. The conversion
of any such space to an intensive care unit has not been done
for any influenza season. In addition to space conversion,
human resources (i.e., staffing models for new intensive care
units), personal protective equipment, and increased use of
dialysis were all part of the hospital-wide response to the
COVID-19 pandemic but we did not compare these to influ-
enza. Future studies may benefit from direct comparisons of
resource utilization for the two disease processes.

Our study was limited by the evaluation of subjects in one
hospital system, though this methodology allowed for granular
assessments of differences between diseases. In addition, the
true impact of COVID-19 in the absence of social distancing
measures remains unclear as these measures were taken early
and within weeks of the onset of hospital admissions. This
study was conducted on a cohort of symptomatic COVID-19
patients admitted during the early period of the pandemic in
the USA and during early surge of cases in Boston. Our
admission criteria have not changed over time and we did
not admit patients who were asymptomatic. However, some
treatment practices have evolved over time such as the in-
creased use of dexamethasone in COVID-19 patients.

CONCLUSIONS

COVID-19 resulted in significantly more weekly hospital
admissions over 2 months than in five seasons of influenza
in a region with community spread of both diseases. In addi-
tion, COVID-19 resulted in a significant increase in the use of
mechanical ventilation, an increase in the use of vasopressor
support, an increase in the incidence of renal injury, and an
increase in mortality. COVID-19 was also significantly more
likely to result in mechanical ventilation for those without
major comorbidities as compared to influenza.
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