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Abstract
Influenza has significant morbidity and mortality. Some experts consider infection with influenza B as milder than that with
influenza A. The objective of this study is to evaluate the outcomes of hospitalized patients with laboratory-confirmed influenza
A or B in 2017–2018 influenza season. All hospitalized patients between October 2017 and April 2018 with laboratory-
confirmed influenza A and B were included. The primary composite outcomes were pneumonia/myocarditis/encephalitis,
mechanical ventilation, ICU admission, and 30-day mortality. Secondary outcomes were 30-/90-day mortality, length of hospital
stay, and readmission rates. The study included 201 influenza A and 325 influenza B. For the primary composite outcome, no
significant difference was demonstrated between influenza A and B. Rates of mortality were similar at 30 and 90 days. Influenza
A had higher pneumonia rates and mechanical ventilation. On multivariate analysis, higher Charlson’s score, hypoalbuminemia,
and vasopressor use were associated with 30-day mortality, while infection with either influenza A or B was not. Influenza Awas
associated with higher pneumonia and mechanical ventilation rates. However, influenza B resulted with similar 30-day mortality
rate as influenza A.
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Introduction

Influenza is associated with increased morbidity and mortality
during annual outbreaks, especially among individuals with
underlying comorbid conditions [1–3]. Infection with influen-
za B is considered by experts as milder than infection with
influenza A serotypes [4]. In previous cohort studies, infection
with influenza A was documented to result in higher rates of
hospitalization and mortality than infection with influenza B
[5, 6]. However, among predominantly ambulatory adults
with seasonal influenza, clinical features of influenza A and
influenza B were similar [7]. Evidence of clinical differences

between influenza A and influenza B is sparse, as there have
been only a few studies describing the clinical characteristics
of influenza B infection or comparing the clinical and epide-
miological characteristics of hospitalized adult patients with
laboratory-confirmed influenza A or influenza B. The aim of
this study was to challenge the notion of milder infection with
influenza B by comparing the characteristics and clinical out-
comes of hospitalized adult patients with confirmed influenza
A and influenza B at the 2017–2018 season.

Methods

We performed a single-center, retrospective study. Electronic
records of all consecutive adult patients (≥ 18 years) hospital-
ized, between October 2017 and April 2018, with laboratory-
confirmed influenza A and B virus in Beilinson hospital (a
900-bed tertiary, university-affiliated hospital), in Israel were
identified and reviewed. Data regarding baseline demo-
graphics, medications, and chronic comorbidities (including
age-adjusted Charlson’s comorbidity score), as well as malig-
nancy and immunosuppressive condition, were retrieved. We
also collected data pertaining the index encounter (hospital
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admission) as vital signs, laboratory results at presentation and
follow-up tests, chest X-ray results, and other data available
on admission. Further collected data included influenza virus
serotypes, vaccination status, antiviral drug usage and timing,
disease severity and necessity for invasive mechanical venti-
lation, vasopressors support, and intensive care unit (ICU)
admission during hospitalization. We collected data from in-
dex point to 90 days post-index episode. Patients were includ-
ed only once in the study, for the first episode fulfilling inclu-
sion criteria. The primary outcome was composite outcome of
influenza-related adverse events: 30-day all-cause mortality
and complications of influenza (lower respiratory tract infec-
tion (pneumonia), need for mechanical ventilation/
vasopressor support, ICU admission, and myocarditis or en-
cephalitis). Secondary outcomes included 30-/90-day all-
cause mortality, length of hospital stay (LOS), influenza com-
plications as stated above, and re-hospitalization rates within
30 days of index point. The study was approved by the Rabin
Medical Centre ethics committee.

Definitions

Pneumonia was defined as the presence of pulmonary infil-
trates on chest imaging not contributable to other causes; en-
cephalitis was defined as positive polymerase chain reaction
(PCR) test for influenza on cerebrospinal fluid; myocarditis
was defined as positive endomyocardial biopsy for influenza
by PCR; influenza-like illness was defined as low-grade fever
(≥ 37.5) and has at least one of the following symptoms:
cough, sore throat, rhinorrhea, or myalgia. Immune deficiency
was defined as organ transplant, active therapy for malignan-
cy, and high-dose steroids/other iatrogenic drugs.

Microbiology methods

Influenza detection was performed at the clinical microbiolo-
gy laboratory at Beilinson hospital. The detection method
used was Simplexa™ Flu A/B & RSV (https://www.
focusdx.com/product/MOL2600). The test is a real-time RT-
PCR amplification and detection system that utilizes a bi-
functional fluorescent probe primer for the detection and dif-
ferentiation of human influenza Avirus RNA, human influen-
za B virus RNA, and RSV RNA in nasopharyngeal swabs.
The assay is composed of two principal steps: (1) extraction of
RNA from patient specimens; (2) a bi-functional fluorescent
probe primer is used together with a reverse primer to amplify
a specific target (for each analyte and the RNA internal con-
trol). The assay provides three results; conserved regions of
influenza Aviruses (matrix gene), influenza B viruses (matrix
gene), and RSV (M gene) are targeted to identify these viruses
in the specimen. An RNA internal control is used to monitor
the extraction process and to detect RT-PCR inhibition.

Statistical analysis

The analysis was performed using the IBM SPSS statistics 22.
Statistical significance was set at two-tailed comparison with a
p < 0.05. To identify individual variables associated with the
composite primary outcome and 30-day all-cause mortality,
univariate analysis was performed. Normality distribution
was assessed through Kolmogorov-Smirnov normality test
and Q-Q plots test. Categorical variables were tested using
the chi-square test or Fisher’s exact test, as appropriate.
Continuous variables were examined using the Student’s t test
if normally distributed and Mann-Whitney U test if not nor-
mally distributed. Hosmer-Lemeshow statistic was used for
goodness of fit. In order to identify independent risk factors
for influenza-related adverse events and mortality, variables
that were significantly associated with influenza-related ad-
verse events and mortality in the univariate analysis, and not
highly correlated, were entered into the multivariate logistic
regression model. Adjusted odds ratios (ORs) and 95% con-
fidence intervals (CIs) for influenza-related adverse events
and 30-day mortality were calculated.

Results

During the 2017–2018 influenza season, a total of 526 con-
secutive patients were hospitalized with laboratory-confirmed
influenza A (201/526; 38%) and influenza B (325/526; 62%).
Baseline and admission data for the included patients are pre-
sented in Table 1. The median age of the entire cohort was 74
(interquartile range (IQR) 62–83) years. Patients with influen-
za Awere younger than patients with influenza B (median age
73 vs. 75, p = 0.03); the majority of the patients were residents
of long-term care facilities (LTCF) (380/526; 72%). The base-
line characteristics of patients with influenza A and influenza
B were similar in terms of comorbidities (although congestive
heart failure was more common for influenza B, 14% vs. 8%,
p = 0.04), immunosuppression (due to any cause), chronic
medications, and current influenza vaccination status. The
calculated age-adjusted Charlson’s score was similar between
the groups and very high (median 5, IQR 3–7). Sixty-three
percent of the patients were admitted to the hospital with an
admission diagnosis of influenza-like illness. Only 17% of the
cohort had documented annual influenza vaccine. At presen-
tation, patients with influenza A had higher admission tem-
perature (median 37.5 °C, IQR (37–38.5) vs. 37.4 (36.8–
38.1); p = 0.02). Other baseline vital signs and clinical and
laboratory data were similar between the groups (Table 1).
Empirical therapy with oseltamivir was started at admission
for 71% of patients with influenza A vs. 66% of patients with
influenza B (p = 0.2); the time from admission to the start of
oseltamivir was 19 h (mean, interquartile range 11–33), for
both influenza A and influenza B.
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Primary outcome

Results are presented in Table 2. The rate of the composite out-
come of influenza-related adverse events was 64/521 (12%) and
similar between patients with influenza A and influenza B (14%
vs. 12%, p= 0.5). However, as separate outcomes, pneumonia
andmechanical ventilationweremore likely to be encountered in
influenza A group as compared with the influenza B one (19%
vs. 10%; 6% vs. 2%, p< 0.05, respectively).

On univariate analysis, risk factors for influenza-related
adverse events included lower presentation systolic blood
pressure and saturation, hypoalbuminemia (serum albumin
concentration < 3.0 dg/L), previous stroke, acute renal failure,
and previous hematopoietic stem cell transplantation. Onmul-
tivariate analysis, only hypoalbuminemia and acute renal fail-
ure were associated with influenza-related adverse events.
Risk factors for influenza-related adverse events on univariate
and multivariate analysis are presented in Table 3.

Table 1 Demographic and
clinical characteristics of patients Influenza A (n = 201) Influenza B (n = 325) p value

Age, median (IQR) 73 (60.5–82) 75 (64–84) 0.04
Female gender, n (%) 98 (49%) 170 (52%) 0.4
BMI, median (IQR) 26.7 (23.3–30.7) 25.6 (23.3–29.2) 0.1
Assisted in daily living, n (%) 43/197 (22%) 83/317 (26%) 0.3
Home residency, n (%) 50/198 (25%) 83/315 (26%) 0.8
Symptom duration at admission (days; median, IQR) 4 (2–6) 3 (2–5) 0.2
Influenza-like illness, n (%) 120 (65%) 190 (62%) 0.1
Recent influenza vaccine, n (%) 33/58 (57%) 54/111 (49%) 0.3
Age-adjusted Charlson’s score, median (IQR) 5 (3–7) 5 (3–7) 0.06
Ischemic heart disease, n (%) 32 (16%) 68 (21%) 0.2
Congestive heart disease, n (%) 16 (8%) 45 (14%) 0.04
Chronic obstructive lung disease, n (%) 26 (13%) 30 (9%) 0.2
Previous stroke, n (%) 25 (12%) 34 (11%) 0.5
Chronic kidney disease, n (%) 14 (7%) 29 (9%) 0.4
Diabetes mellitus, n (%) 63 (31%) 105 (32%) 0.8
Active malignancy, n (%) 19 (10%) 27 (8%) 0.6
Organ transplant, n (%) 9 (5%) 14 (4%) 0.9
Bone marrow transplant, n (%) 2 (1%) 6 (2%) 0.7
Systemic steroid, n (%) 40 (20%) 62 (19%) 0.8
Immunosuppressive therapy, n (%) 13 (7%) 19 (6%) 0.8
Temperature (Celsius; median, IQR) 37.5 (37–38.4) 37.4 (36.8–38.1) 0.02
Systolic blood pressure (mmHg; median, IQR) 118 (107–133) 119 (106–137) 0.6
Albumin (mg/dL; median, IQR) 3.6 (3.2–4) 3.6 (3.2–4) 0.8
CRP (median, IQR) 5.9 (3.1–14.4) 5.1 (2.2–12.3) 0.1
Creatinine (median, IQR) 1.04 (0.79–1.36) 1.11 (0.82–1.57) 0.1
WBC (median, IQR) 8.6 (6.3–11.5) 8.3 (5.7–11.5) 0.2
Empiric oseltamivir therapy, n (%) 143 (71%) 214 (66%) 0.2
Time to Oseltamivir start (hours; median, IQR) 22 (11–38) 20.5 (12–35) 0.8

BMI, body mass index; IQR, interquartile range; CRP, C active protein; WBC, white blood cells

Table 2 Clinical outcomes for
patients infected with influenza A
and influenza B

Influenza A (n = 201) Influenza B (n = 325) p value

Influenza-related adverse events, n (%) 27/199 (14%) 37/322 (12%) 0.5

30 day mortality, n (%) 16 (8%) 23 (7%) 0.7

Pneumonia, n (%) 20 (19%) 19 (10%) 0.008

Mechanical ventilation, n (%) 12 (6%) 7 (2%) 0.02

Cardiovascular support with vasopressors, n (%) 6 (3%) 11 (3%) 0.8

Intensive care unit admission, n (%) 11 (6%) 9 (3%) 0.1

Myocarditis, n (%) 0 (0%) 2 (0.6%) 0.5

Encephalitis, n (%) 1 (0.5%) 1 (0.3%) 1

90-day mortality, n (%) 22 (11%) 35 (11%) 0.9

Length of hospital stay (median, IQR) 4 (2–7) 4 (2–6) 0.8

Readmission 90 day, n (%) 54 (26.9%) 72 (22.2%) 0.2
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Pneumonia was present on the admission X-ray on 39/299
(13%) available for review. Patients infected with influenza A
had significantly higher rates of pneumonia (20/105, 19% vs.
19/194, 10%; p = 0.008) in comparison with patients with
influenza B. Myocarditis (2 patients with influenza B) and
encephalitis (1 patient for each group) were a rare complica-
tion. Rates of ICU admission were similar between the groups
(11/201, 5% vs. 9/325, 3%; p = 0.1), as well as rates of vaso-
pressor support (6/201, 3% vs. 11/325, 3%; p = 0.8).
However, rates of mechanical ventilation were significantly
higher with influenza A (12/201, 6% vs. 7/325, 2%; p = 0.02).

Secondary outcomes

Mortality

All-cause mortality rates were 7% at 30 days and 11% at
90 days. The mortality rates for patients with influenza A
and influenza B were similar at 30 and 90 days. On uni-
variate analysis, 30-day all-cause mortality was associated
with increased age (median 84 vs. 73, p = 0.0001), age-
adjusted Charlson’s score (6 vs. 5, p = 0.004), assisted

living (50% vs. 23%, p = 0.0001), and several abnormal
laboratory results at admission: creatinine levels (1.76 vs.
1.06 mg/dL, p < 0.01) and lower albumin levels (3.1 vs.
3.6 mg/dL; p = 0.001). Patients who died had lower sys-
tolic blood pressure (median 112 vs. 120 mmHg; p =
0.004) and need more vasopressor support (18% vs. 2%;
p = 0.0001), mechanical ventilation (28% vs. 2%; p =
0.0001), and ICU admission (13% vs. 3%; p = 0.002).
Mortality was also associated with longer time to initia-
tion of antiviral therapy (31.5 vs. 20 h; p = 0.02). On
multivariate analysis, increased age-adjusted Charlson’s
score, hypoalbuminemia, and need for vasopressors sup-
port were independently associated with mortality at
30 days, while infection with either influenza A or influ-
enza B was not associated with mortality (Table 4).

Other outcomes

LOS for patients who were discharged alive was similar
between the groups (median 4 days, IQR 2–7 for both
groups). Readmission rates at 90 days from index point
were 26% vs. 22% (p = 0.22).

Table 3 Univariate and
multivariate regression model for
risk factors of influenza-related
adverse events

Variable Univariate OR (95% CI) Multivariate OR (95% CI) p value

Age 0.98 (0.97–0.99) 1.009 (0.99–1.03) 0.3

Congestive heart disease 0.54 (0.29–0.98) 1.25 (0.49–3.17) 0.6

Infection with influenza A 1.2 (0.7–2) 1.72 (0.95–3.13) 0.07

Bone marrow transplant 5.6 (1.2–25) 3.65 (0.69–19.3) 0.1

Chronic kidney disease 2.5 (1.14–5.28) 1.69 (0.65–4.37) 0.3

Hypoalbuminemia* 6 (3.5–11) 5.69 (3.08–10.51) 0.0001

Creatinine level increase** 1.5 (1.2–1.7) 1.34 (1.11–1.63) 0.003

Hosmer-Lemeshow goodness of fit test, p = 0.968, β = − 3.98, n = 502, ROC curve − 0.711
BMT, blood marrow transplantation; CKD, chronic kidney disease

*Albumin level ≤ 3 mg/dL

**Creatinine per 1 g/dL increment

Table 4 Multivariate model for
risk factors for 30-day mortality Variable Univariate OR (95% CI) Multivariate OR (95% CI) p value

Influenza A virus 1.14 (0.58–2.21) 1.63 (0.77–3.41) 0.2

Age-adjusted Charlson’s score 1.7 (1–1.3) 1.18 (1.03–1.36) 0.02

ICU admission 4.6 (1.6–13.5) 1.51 (0.38–5.98) 0.6

Hypoalbuminemia* 3.36 (1.67–6.77) 2.07 (0.91–4.73) 0.08

Creatinine level (mg/dL) at presentation** 1.37 (1.2–1.6) 1.25 (1.01–1.54) 0.04

Vasopressors 11 (4–30) 8.56 (2.47–29.6) 0.001

Hosmer-Lemeshow goodness of fit test, p = 0.066, β = − 4.46, n = 501
OR, odds ratio; CI, confidence interval; ICU, intensive care unit

*Albumin level ≤ 3 mg/dL

**Creatinine per 1 g/dL increment
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Discussion

In this retrospective cohort of patients admitted to general hospi-
tal with laboratory-confirmed either influenza A or influenza B
infection, we observed that the demographical and clinical char-
acteristics of patients with influenza A or influenza B were sim-
ilar, as well as the rate of influenza-related adverse events. More
patients with influenza A suffered from lower respiratory tract
infection, and more often required mechanical ventilation, while
mortality rates at 30 and 90 days were unaffected.

Both groups included elderly to very old patients (mean age of
74 years), with close to 75% of the including patients resided in
LTCFs andwith high age-adjusted Charlson’s comorbidity score.
Overall, the rate of influenza-related adverse events was 12.3%
which was composed mainly from pneumonia and/or 30-day all-
cause mortality. Our results suggest that patients hospitalized due
to influenza A or influenza B infection are similar in regard to the
hosts medical and social background, clinical course, and out-
comes, apart from the increased rate of lower respiratory tract
infection with influenza A. However, infection with influenza B
is as severe as infection with influenza Awith increased morbid-
ity and mortality, especially for patients prone to suffer from
influenza-related adverse events due to their medical conditions.
This finding might correlate with mismatch vaccine year of the
influenza B lineage as shown previously [8]. This could also
explain why influenza B has represented more than two-thirds
of the cases in our cohort, inversely related to their endemic attack
rate. Indeed, in Israel, influenza A H3N2 was the predominant
species circulating in the community on the 2017–2018 influenza
season (76.5%), while influenza B cases were less than 2% [9].

InfluenzaA is considered by some experts as themost virulent
influenza virus type and widespread disease [2–4, 6]. However,
the sparse data on the clinical features of the influenza virus types
in hospitalized adults do not consistently support that notion.
Several retrospective cohort studies suggested that infection with
influenza A may result in higher rates of hospitalization and
mortality than infection with influenza B [5, 6]. However, other
previous studies suggested a similar course. Among patients with
influenza who were admitted to medical ICU, influenza A was
associated with increased rate of viral pneumonia, adult respira-
tory distress syndrome (ARDS), but mortality, LOS at ICU ad-
mission, and other clinical outcomes did not differ between in-
fluenza A– and influenza B–infected patients [8], similarly to our
study. Among ambulatory adults with seasonal influenza, clinical
features and outcomes (hospitalization, antibiotic prescription,
pneumonia) of influenza A (H3N2 strain) and influenza B were
similar in a prospective study [7]; however, patients with influ-
enza A sought medical attention earlier. Further data from studies
on pediatric patients with influenza demonstrated mixed results.
Children with influenza B had increased mortality rates and ICU
admission [10]. Study on mixed ambulatory population in
Canada [11] suggested that patients infected with influenza A
had increased rate of chronic pulmonary conditions, and other

comorbidities, while patients infected with influenza B were sig-
nificantly younger (median age 13, range 3–43, vs. 42, range 2–
83) and more likely to reside at rural areas. The largest study by
Cahves et al. [12]which examined the clinical features of patients
with influenza A serotypes (H3N2 and H1N1(pdm09)) and influen-
za B demonstrated an increase in severe outcomes (ICU admis-
sion and/or mortality) with influenza A H1N1(pdm09) compared
with H3N2 and influenza B. Patients with influenza A
H1N1(pdm09) were more likely to suffer from pneumonia and
ARDS and require mechanical ventilation similar to our results.

Our study has several limitations. First, this is a single-
center experience over a single influenza season; thus, results
may not be applicable to other areas at different seasons with
different circulating influenza strains. Second, we did not per-
form further analysis of the influenza serotype. In 2017–2018,
influenza A H1N1(pdm09) and H3N2 strains, along with influ-
enza B of the Victoria lineage (closely to 16%, 14%, and 70%
of all confirmed infections, respectively), were the most com-
mon strains circulating in the community [9]. A strain-based
analysis might add more information on the specific presen-
tation of each strain. Third, data on the current influenza vac-
cine were unavailable for significant percentage of the patients
because of technical difficulties in retrieving data. Rather,
medical histories including vaccination history that was doc-
umented on medical records were the only data source for
vaccination status. Thus, the true effect of the vaccine on the
clinical outcomes was therefore inestimable.

Our study also holds several advantages and strengths. To
the best of our knowledge, this is the first study examining the
course of the different influenza strains in hospitalized adults
since the 2010–2011 seasons which contained a switch from
mainly H3 strain to H1 strains. Most previous studies had
examined the general ambulatory population with uncompli-
cated influenza, while we focused on hospitalized patients
with significant comorbidities and thus high rate of
influenza-related adverse events. As the majority of adults
with seasonal influenza have good prognosis without compli-
cations, and vice versa, most adults who were admitted to ICU
due to influenza suffer grave consequences; the clinical course
of influenza on the hospital ward is largely unexplored.

In conclusion, we suggest that infection with seasonal in-
fluenza A or influenza B has a comparable clinical course, and
both are clinically severe and significant. Patients with influ-
enza A may be prone to lower respiratory tract complication.
Further studies should explore differences between the differ-
ent viral serotypes and their effect on community and LTCF
dwellers at multiple consecutive influenza seasons.
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