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BACKGROUND: Influenza-related morbidity impacts health-
care systems, including hospitals. 

OBJECTIVE: To obtain a quantitative assessment of hospi-
talization burden in pediatric and internal medicine depart-
ments during influenza seasons compared with the summer 
months in Israel. 

METHODS: Data on pediatric and internal medicine hospi-
talized patients in general hospitals in Israel during the in-
fluenza seasons between 2005 and 2013 were analyzed for 
rate of hospitalizations, rate of hospitalization days, hospital 
length of stay (LOS), and bed occupancy and compared with 
the summer months. Data were analyzed for hospitalizations 
for all diagnoses, diagnoses of respiratory or cardiovascular 
disease (ICD9 390-519), and influenza or pneumonia (ICD9 
480-487), with data stratified by age. The 2009-2010 pan-
demic influenza season was excluded. 

RESULTS: Rates of monthly hospitalizations and hospitalization 
days for all diagnoses were 4.8% and 8% higher, respectively, 
during influenza seasons as compared with the summers. The 
mean LOS per hospitalization for all diagnoses demonstrated 
a small increase during influenza seasons as compared with 
summer seasons. The excess hospitalizations and hospitaliza-
tion days were especially noticed for the age groups under 1 
year, 1-4 years, and 85 years and older. The differences were 
severalfold higher for patients with a diagnosis of respiratory or 
cardiovascular disease and influenza or pneumonia. Bed occu-
pancy was higher during influenza seasons compared with the 
summer, particularly in pediatric departments. 

CONCLUSIONS: Hospital burden in pediatric and internal med-
icine departments during influenza seasons in Israel was asso-
ciated with age and diagnosis. These results are important for 
optimal preparedness for influenza seasons. Journal of Hospital 
Medicine 2017;12:709-716. © 2017 Society of Hospital Medicine

Influenza-associated morbidity poses a significant hospital 
burden.1 A study from the United States estimated that sea-
sonal influenza is responsible for 3.1 million hospitalization 
days per year.2 

Assessment of hospital burden during influenza seasons pres-
ents a challenge due to several possible factors, such as inac-
curate recording of diagnosis3 and incomplete age group data. 
Although great emphasis has historically been placed on older 
age groups, a study from England and Wales showed that the 
number of hospitalizations and deaths resulting from influenza 
was significantly higher in children as compared with adults.4 
Moreover, excess visits to emergency departments in New York 
City because of fever and respiratory morbidity during influenza 
seasons were found mostly among school-age children, whereas 
in adults, the surplus was small to nonexistent.5

Studies examining influenza-related hospitalizations eval-
uated numbers and rates of hospitalization.6-11 However, 
information regarding length of hospitalizations, hospital-
izations during the influenza season that were not influen-
za related, or comparisons between influenza seasons and 
summer seasons is scarce. These determinants are of great 
importance for hospital preparedness towards influenza sea-
sons. The aim of the current study was to estimate excess 
hospitalizations and length of hospitalization during influ-
enza seasons, as compared with the summer, in different age 
groups and selected diagnoses in Israel.

METHODS
Data Sources
Hospitalization data of internal medicine and pediatric 
departments in 28 acute care hospitals in Israel between 
2005 and 2013 were obtained from the National Hospital 
Discharges Database managed by the Health Information 
Division (HID) in the Israel Ministry of Health (MOH). 
The information included number of discharges (including 
in-hospital deaths), number of hospitalization days, and the 
mean length of stay (LOS) per discharge for all diagnoses 
and for primary or secondary diagnoses of respiratory/cardio-
vascular disease (ICD9 390-519) and influenza/pneumonia 
(ICD9 480-487). 
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Bed occupancy rates for internal medicine and pediatric 
departments were based on the National Patient Flow Data-
base managed by the HID. 

The 2009-2010 pandemic influenza season was excluded 
from analysis due to different morbidity patterns and timing 
(April 2009 until August 2010) as compared with seasonal 
influenza.

Data Classification
Hospitalizations data were analyzed for all ages, for specific 
age groups (the first year of life [0], ages 1-4, 5-14, 15-24, 
25-34, 35-44, 45-54, 55-64, 65-74, 75-84, and 85 years and 
older), for all diagnoses, and for primary or secondary dis-
charge diagnosis of respiratory/cardiovascular disease (ICD9 
390-519) and influenza/pneumonia (ICD9 480-487). 

Duration of Influenza Season
The beginning and the end of the influenza season were deter-
mined by the National Influenza surveillance program, which 
includes on average 22 community sentinel clinics, throughout 
Israel, each influenza season. These clinics send nose-throat sam-
ples from a convenience sample of patients with influenza-like ill-
ness (ILI), from week 40 of each year until the end of the influen-
za season in the subsequent year. These samples are analyzed for 
the presence of influenza virus by real-time reverse transcription 
polymerase chain reaction (RT-PCR) at the Central Virology 
Laboratory of Israel. Based on influenza virus detection in nose-
throat samples from patients with ILI attending the community 
sentinel clinics, we determined the first and last month of each 
influenza season. The first month in which positive influenza 
samples were identified in sequence was defined as the first month 
of the season. The month in which the sequence of positive influ-
enza samples stopped was defined as the last month of the season.  

The 2009-2010 pandemic influenza season was excluded 
from analysis due to different morbidity patterns and timing 
(April 2009 until August 2010) as compared with seasonal 
influenza.

Data Analysis
Rates. Rates of monthly hospitalizations and monthly hos-
pitalization days were calculated per 100,000 residents for 
all ages and for the specific age groups. Estimated average 
population sizes in different years for all ages and for specific 
age groups were obtained from the Central Bureau of Statis-
tics (http://www.cbs.gov.il/reader/shnaton/templ_shnaton.
html?num_tab=st02_01&CYear=2014).  Monthly LOS was 
not converted to rates.

Hospitalizations. Mean monthly rate of hospitalizations 
during influenza and summer seasons was calculated by di-
viding the sum of hospital discharge rates during influenza/
summer seasons of the entire evaluation period (2005/2006 
to 2012/2013) by the number of influenza/summer activity 
months of that period.  

Hospitalization Days. The measure “hospitalization days” 
refers to the hospitalization days of all patients who were 
discharged during influenza seasons. Mean monthly rate of 

hospitalization days during the influenza season and sum-
mer season was calculated using the procedure described for 
monthly mean rate of hospitalizations.

Length of Stay. The measure “length of stay” refers to the 
number of days that individual patients stayed in the hospi-
tal during an admission in the evaluated seasons.

Mean monthly LOS during the influenza and summer sea-
sons for all patients (in both internal medicine and pediatric 
departments) and by age group was calculated by dividing 
the sum of monthly LOS during influenza seasons/sum-
mer season of the entire evaluation period (2005/2006 to 
2012/2013 except for the 2009/2010 season) by the number 
of influenza/summer activity months of that period.  

LOS for each specific month of the evaluation period for 
a single patient was calculated by dividing the number of 
hospitalization days of all patients that were discharged that 
month (stratified by age group) by the number of discharges 
in the same month. 

Bed Occupancy. Bed occupancy rates for internal medi-
cine and pediatric departments of the seasons evaluated were 
computed as a weighted rate based on the hospitalization days 
and licensed inpatient beds for the period of each influenza 
and summer season. The calculation took into account the 
number of days of each month and was based on the monthly 
reporting of hospital inpatient days in these departments and 
on the number of inpatient beds according to standard license 
documents issued by the MOH for each hospital.    

Difference Between Influenza and Summer Seasons. 
Differences in mean monthly rates of hospitalizations, mean 
monthly rate of hospitalization days, and LOS during influenza 
seasons and the preceding summer were calculated as absolute 
numbers per month and as a percentage. The difference be-
tween bed occupancy during the influenza seasons and the pre-
ceding summers was expressed in percentage. Differences were 
computed for all diagnoses and for ICD9 480-487 and 390-519. 

Statistical Analysis
Mean and standard deviation for monthly hospitalization 
rates, rates of monthly hospitalization days, and for LOS 
were calculated for all the influenza and summer seasons 
that were evaluated. Differences and statistical significance 
for these parameters were evaluated using a two-tailed Wil-
coxon-Mann-Whitney test adjusted for ties, with 95% con-
fidence interval for mean locations. The null hypothesis of 
the Wilcoxon test used was that the mean ranks of the influ-
enza and summer season observations were equal. 

Mean of bed occupancy percentage was calculated for influ-
enza and summer seasons, with the difference and statistical 
significance being evaluated using a χ2 test. P value of < 0.05 
was considered statistically significant. SAS Version 9.1 and R 
program version 3.3.1 software were used for analysis.

RESULTS
Influenza Seasons
The length of influenza seasons varied, with the shortest sea-
son lasting 3 months (2006-2007) and the longest season last-
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ing six months (2010-2011 and 2011-2012; Table 1). Of the 
14 first and last months of the 7 influenza seasons, 9 had influ-
enza activity throughout the month, 2 had 3 weeks of influen-
za activity, and 3 had 2 weeks of influenza activity (Table 1).  

Hospitalizations
A total of 452,209 hospital discharges occurred in pediat-
ric and internal medicine departments during the influenza 
seasons that were evaluated. The mean monthly rate of hos-
pitalizations (as defined in METHODS) for all patients was 
4.8% higher during influenza seasons as compared with the 
preceding summer seasons (panel A in Figure; Supplemen-
tary Table 1). Analysis by age groups revealed a statistically 
significant increase during influenza seasons in the younger 
and older age groups (panel A in Figure; Supplementary Ta-
ble 1). Specifically, the increase for all diagnoses was 32.8%, 
16.7%, and 14.1% for infants <1 year, children aged 1-4 
years, and adults ≥85 years, respectively (panel A in Figure; 
Supplementary Table 1).  

The mean monthly rate of hospitalizations for all ages due 
to the diagnosis of respiratory/cardiovascular diseases and 
influenza/pneumonia was 18.6% and 60.8% higher, respec-
tively, during influenza seasons compared with the preceding 
summers (panels B and C in Figure). These differences were 
statistically significant (panels B and C in Figure; Supple-
mentary Table 1). 

The increase in mean monthly hospitalization rates for 
patients with a diagnosis of respiratory/cardiovascular dis-
eases and pneumonia/influenza was highest among infants 
<1 year and children aged 1-4 years (panels B and C in Fig-
ure; Supplementary Table 1). Increases were also observed 
among other age groups. However, they were more modest 
and reached statistical significance for respiratory/cardiovas-
cular diseases in the age groups of ≤34 years and ≥75 years 
(panel B in Figure; Supplementary Table 1). The increases 
in mean monthly hospitalization rates for pneumonia/influ-

enza were statistically significant in all age groups and were 
greater than 40% among adults ≥55 years (panel C in Figure; 
Supplementary Table 1).

Statistically significant decreases in mean monthly hospi-
talization rates during influenza seasons were observed for all 

FIG. (A) Monthly mean excess hospitalization rates, and hospitalization days 

rates, during influenza seasons compared with the preceding summers, 2005-

2013, for all diagnoses; (B) respiratory/cardiovascular diseases (ICD9 390-519); 

and (C) influenza/pneumonia (ICD9 480-487). NOTE: Y error bars represent 95% 

Confidence Interval (CI) for mean locations; * denotes P value < .05; ** denotes 

P value < .01.
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TABLE 1. Start and End Months of Influenza Seasons 
by Year

Season Start End

2005/2006 1/2006 4/2006

2006/2007 12/2006 2/2007

2007/2008 12/2007b 3/2008

2008/2009 12/2008 4/2009b

2009/2010 not included not included

2010-2011 10/2010a 3/2011

2011/2012 11/2011b 4/2012a

2012/2013 12/2012 3/2013

a 3 weeks of influenza activity.
b 2 weeks of influenza activity.
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diagnoses in the 5-54 age groups (panel A in Figure; Supple-
mentary Table 1).  Decreases were not seen for the diagnoses 
of respiratory/cardiovascular diseases or pneumonia/influen-
za (panels B and C in Figure; Supplementary Table 1).   

Hospitalization Days 
The mean monthly rate of hospitalization days per 100,000 
residents showed a similar trend to that of the hospitaliza-
tion rates (panels A, B, and C in Figure; Supplementary  
Table 2), with the most prominent increases observed among 
infants and children <5 years and adults ≥65 years.  

The mean monthly rate of hospitalization days per 100,000 
during influenza seasons for all ages due to all diagnoses was 8% 
higher (P < 0.001) as compared with the summer seasons (pan-
el A in Figure; Supplementary Table 2). Statistically significant 
increases were also found among patients diagnosed with re-
spiratory/cardiovascular diseases and for influenza/pneumonia 
(panels B and C in Figure; Supplementary Table 2). 

A significant increase was also observed among infants 
and children <5 years and adults ≥65 years with all diagnoses 
(panel A in Figure; Supplementary Table 2). The increase in 
the monthly mean rate of hospitalization days was statistical-
ly significant for respiratory/cardiovascular diseases in most 
age groups, except the 35-64 age groups (panel B in Figure; 
Supplementary Table 2). A statistically significant increase in 
the monthly mean rate of hospitalization days for influenza/
pneumonia was seen in all age groups except for the 15-24 age 
group (panel C in Figure; Supplementary Table 2).  

Children <5 years of age showed the largest increases 
during the influenza season as compared with the summer, 
with an up to 155.9% increase in the mean monthly rate 
of hospitalization days due to influenza/pneumonia (panel 
C in Figure; Supplementary Table 2), and an up to 206.6% 
increase for respiratory/cardiovascular diseases in infants 
<1 year of age (panel B in Figure; Supplementary Table 2). 
In adults, the largest increases were observed among those 

TABLE 2. Mean Monthly Length of Stay per Discharge During Influenza Season Compared With the Preceding Summer, 2005-2013

Age
(Years)

Diagnoses
(ICD9 code)

Summer
Mean
(SD)

Influenza
Mean
(SD)

Absolute Difference Between Influenza  
and Preceding Summer Season

(Days)

Difference Between Influenza  
and Preceding Summer Season 

(%)
Wilcoxon
P Value

All All 

Resp/Cardio 
(390-519)

Flu/Pneumo 
(480-487)

4.04  
(0.12)

4.71 
(0.23)

6.71 
(0.41)

4.19 
(0.17)

4.73 
(0.24)

6.03 
(0.41)

0.15 

0.02 

–0.68

3.7 

0.3 
 

–10.1

<.01 

.78 

<.001

0 All 

Resp/Cardio 
(390-519)

Flu/Pneumo 
(480-487)

3.74 
(0.20)

5.96 
(0.80)

6.03 
(1.48)

3.87 
(0.22)

4.58 
(0.58)

4.78 
(0.63)

0.13 

–1.38 

–1.25

3.6  

–23.1 

–20.7

<.05 

<.001 

<.01

1-4 All 

Resp/Cardio 
(390-519)

Flu/Pneumo 
(480-487)

3.10 
(0.17)

3.92 
(0.56)

4.03 
(0.64)

3.12 
(0.13)

3.54 
(0.13)

3.56 
(0.19)

0.02 

–0.38 

–0.46 

0.5  

–9.6 

–11.5 

.37 

<.01 

<.01 

5-14 All 

Resp/Cardio 
(390-519)

Flu/Pneumo 
(480-487)

3.21 
(0.18)

4.31 
(0.51)

4.49 
(1.02)

3.32 
(0.14)

4.22 
(0.38)

4.60 
(0.66)

0.11 

–0.09 

0.12 

3.3 

–2.1 

2.6 

<.01

 
.52 

.18 

15-24 All 

Resp/Cardio 
(390-519)

Flu/Pneumo 
(480-487)

3.11 
(0.18)

4.2 
(0.53)

5.66 
(1.32)

3.25 
(0.20)

4.22 
(0.52)

5.21 
(1.29)

0.14 

0.02 

–0.45 

4.5

 
0.6 

–8.0 

<.01 

.62 

.43 

25-34 All 

Resp/Cardio 
(390-519)

Flu/Pneumo 
(480-487)

3.21 
(0.27)

4.06 
(0.56)

4.89 
(1.11)

3.28 
(0.27)

4.02 
(0.56)

4.85 
(1.10)

0.08 

–0.04 

–0.04 

2.3 

–0.9 

–0.8 

.44 

.75 

.94 

Continued on page 713



714          An Official Publication of the Society of Hospital Medicine Journal of Hospital Medicine    Vol 12  |  No 9  |  September 2017

Glatman-Freedman et al   |   Influenza Season Hospitalizations

≥75 years; the rates for influenza/pneumonia increased by 
about 40% (panel C in Figure; Supplementary Table 2), and 
the rates for respiratory/cardiovascular diseases increased 
by 14.8%-20.7% as compared with the summer months  
(panel B in Figure; Supplementary Table 2).

Statistically significant decreases in monthly mean rate of 
hospitalization days during influenza seasons were observed for 
all diagnoses in the 5-54 age groups (panel A in Figure; Sup-
plementary Table 2).  Decreases were not seen for the diagno-
ses of respiratory/cardiovascular diseases or influenza/pneumo-
nia (panels B and C in Figure; Supplementary Table 2).   

Hospital Length of Stay
The longest mean monthly LOS due to all diagnoses (for 
both influenza and summer seasons) was observed in adults 
≥65 years of age (Table 2). The longest mean monthly LOS 
due to influenza/pneumonia (for both influenza and summer 

seasons) was observed in adults ≥55 years or older, and for 
the diagnosis of respiratory/cardiovascular diseases, infants 
<1 year and adults ≥55 years had the longest LOS. 

The differences between influenza and summer seasons 
in mean monthly LOS were mostly small or not observed 
in any of the diagnostic categories examined. The mean 
monthly LOS due to a diagnosis of influenza/pneumonia was 
shorter during the influenza seasons than summer seasons in 
most age groups. These differences were statistically signif-
icant in children <5 years and adults ≥45 years (Table 2).  

The mean LOS due to respiratory/cardiovascular diseases 
was significantly shorter during influenza seasons than sum-
mer seasons in children under 5. 

Bed Occupancy
Mean bed occupancy was significantly higher during influ-
enza seasons compared with the preceding summer seasons, 

TABLE 2. Mean Monthly Length of Stay per Discharge During Influenza Season Compared With the Preceding Summer, 2005-2013 (contunued)

Age
(Years)

Diagnoses
(ICD9 code)

Summer
Mean
(SD)

Influenza
Mean
(SD)

Absolute Difference Between Influenza  
and Preceding Summer Season

(Days)

Difference Between Influenza  
and Preceding Summer Season 

(%)
Wilcoxon
P Value

35-44 All 

Resp/Cardio 
(390-519)

Flu/Pneumo 
(480-487)

3.13 
(0.16)

3.67 
(0.26)

5.19 
(0.78)

3.20 
(0.19)

3.66 
(0.31)

4.91 
(0.60)

0.07 

–0.01 

–0.28 

2.2 

–0.2 

–5.3 

.24 

.89 

.34 

45-54 All 

Resp/Cardio 
(390-519)

Flu/Pneumo 
(480-487)

3.42 
(0.19)

3.78 
(0.28)

6.59 
(0.95)

3.50 
(0.18)

3.82 
(0.24)

5.77 
(0.93)

0.08 

0.05 

–0.82 

2.3 

1.3 

–12.4 

.2 

.41 

<.01 

55-64 All 

Resp/Cardio 
(390-519)

Flu/Pneumo 
(480-487)

3.89 
(0.24)

4.14 
(0.33)

7.28 
(0.98)

3.94 
(0.28)

4.18 
(0.31)

6.22 
(0.56)

0.05 

0.04 

–1.06 

1.4 

1.0 

–14.6 

.57 

.5 

<.001 

65-74 All 

Resp/Cardio 
(390-519)

Flu/Pneumo 
(480-487)

4.42 
(0.21)

4.63 
(0.28)

7.77 
(0.89)

4.54 
(0.21)

4.74 
(0.22)

6.90 
(0.54)

0.12 

0.11 

–0.87 

2.6 

2.3 

–11.2 

.051 

.08 

<.001 

75-84 All 

Resp/Cardio 
(390-519)

Flu/Pneumo 
(480-487)

5.01 
(0.23)

5.20 
(0.29)

8.03 
(0.57)

5.10 
(0.29)

5.27 
(0.31)

7.65 
(0.52)

0.08 

0.08 

–0.38 

1.6 

1.5 

–4.7 

.3 

.3 

.051 

85+ All 

Resp/Cardio 
(390-519)

Flu/Pneumo 
(480-487)

5.31 
(0.23)

5.56 
(0.31)

7.99 
(0.88)

5.40 
(0.28)

5.62 
(0.31)

7.54 
(0.64)

0.08 

0.05 

–0.45 

1.5 

1.0 

–5.6 

.35 

.65 

<.05 

NOTE: Abbreviations: ICD9, International Classification of Diseases 9; SD, standard deviation.
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both in internal medicine and pediatric departments (Table 
3). The differences were higher in pediatric departments 
as compared with internal medicine departments for most 
years evaluated.  

DISCUSSION
Our study demonstrates trends of excess hospitalizations 
during influenza as compared with summer seasons and 
identifies patient groups that contribute mostly to changes 
in hospital burden between these seasons.

Overall, the present study demonstrates differences be-
tween influenza and summer seasons for all measures tested: 
hospitalizations, hospitalization days, LOS, and bed occu-
pancy.  These differences were due primarily to excess num-
ber of hospitalizations and hospitalization days, rather than 
to longer LOS. 

Our results concerning hospitalizations for all diagnoses 
are consistent with a United States report showing about 
5% more hospitalizations following emergency department 
visits during winter compared with summer.12

The increase in hospitalizations and total hospitalization 
days in older age groups reflects the probability of severe 
diseases in a population with multiple comorbidities, and 
is consistent with a 90% influenza-related mortality due to 
respiratory and cardiovascular diseases reported in patients 
65 and older.13 The increase in hospitalization and total hos-
pitalization days in the age groups <5 years during influenza 
seasons are consistent with studies showing that the risk of 
children to contract influenza is higher than that of adults 
surrounding them. In this regard, outbreak investigations 
during the 2009 influenza pandemic showed that influenza 
attack rates in children were higher than those of adults.14 

Nationwide studies from Singapore and Taiwan also 
showed more hospitalizations related to influenza in young 
children and older adults.15,16 

The increase in hospitalization days for all patients should 

be interpreted while taking into account the mean month-
ly LOS per patient (Table 2). In most age groups, a small 
decrease in the mean LOS for individual patients with the 
diagnosis of influenza/pneumonia was observed (Table 2). 
This decrease may suggest a need to shorten hospitalization 
slightly in order to accommodate new patients. Similarly, the 
decrease in hospitalization rates from all diagnoses during 
influenza seasons in the 5-54 years age groups (Figure) may 
stem, at least in part, from the shortage of available hospital 
beds due to patient overload. Additional study is required to 
further explore these decreases and their possible effects on 
morbidity and mortality. 

Influenza vaccine guidelines in Israel following the 2009 
influenza pandemic recommend influenza vaccination for 
all individuals age 6 months and older. However, influenza 
vaccination in Israel has remained low. Specifically, vacci-
nation rates among children below the age of 5 years have 
been approximately 21%, as compared with 60%-65% in 
adults 65 years and over.17 Given the low rate of vaccination 
in children, we believe that there would be minimal or no 
difference in hospitalization of children under the age of 5 
years, between the pre- and postpandemic years. Israel has 
started a school-based influenza vaccination program for the 
2016-2017 influenza season in an effort to increase child-
hood influenza vaccination. It would be important to see if 
the expansion and continuation of the program would have 
an effect on influenza season hospitalizations.  

Our study has several advantages. To the best of our knowl-
edge, it is the first study examining differences in hospital bur-
den between influenza and summer seasons on a national level. 
As such, it constitutes one of the largest studies on the subject. 
In addition, our study relies on original data, rather than esti-
mates. Analysis of specific months of each year in which influ-
enza virus circulates provides a targeted analysis of influenza 
seasons, rather than the entire winter season. The comparison 
with summer months is of great importance for preparatory 

TABLE 3. Bed Occupancy Rates in Internal Medicine and Pediatric Departments During Influenza Season 
Compared With the Preceding Summer, by Year 2005-2013 (Percent)

Internal Medicine Departments Pediatric Departments

Season Summer Influenza Season Difference P Value Summer Influenza Season Difference P Value

2005/6 101.2 107.8 6.6 <.001 82.9 92.1 9.2 <.001

2006/7 96.1 112.4 16.3 <.001 75.5 101.6 26.1 <.001

2007/8 94.9 105.6 10.7 <.001 79.7 95.7 16.0 <.001

2008/9 95.6 101.8 6.2 <.001 79.8 89.7 9.9 <.001

2010/11 99.2 102.2 3.0 <.001 80.9 96.3 15.4 <.001

2011/12 95.2 104.0 8.8 <.001 77.0 88.7 11.7 <.001

2012/13 96.9 103.8 6.9 <.001 73.5 91.7 18.2 <.001

Mean for the Period 
2005-2013

96.9 104.7 7.8 <.001 78.7 93.2 14.5 <.001
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plans by health systems, as it takes into account the degree of 
variation between the seasons. The analysis of 6 influenza sea-
sons in our study intended to take into account season-to-sea-
son disease variability. Such variability among influenza sea-
sons has been described previously due to changes in the virus 
itself, the population immune status, and the weather.18 

We used several diagnosis categories to evaluate different 
aspects of hospital burden. Although the category of “all 
diagnoses” provided a broad assessment of hospital burden, 
influenza/pneumonia or pulmonary/cardiovascular disease 
constituted a more specific measure of influenza-associated 
burden.

Evaluating LOS added to the accuracy of hospital burden 
estimates, and our age-group analysis highlighted the spe-
cific age groups responsible for changes in hospital burden. 
Thus, the use of several measures to assess influenza season 
morbidity provides a comprehensive picture of the hospital-
ization dynamics between influenza and summer seasons. In 
this regard, the trends observed in our study for hospitaliza-
tions and total hospitalization days correspond to those ob-
served in bed occupancy, especially for hospitalization rates 
due to all causes.  

Our study has several limitations. We did not rely on lab-
oratory diagnosis of influenza to determine burden. Because 
obtaining specimens for viral detection is usually based on 
individual clinical judgement, and patients hospitalized 
with influenza-related complications can often test negative 
for the virus due to time elapsed from disease onset, relying 
on a laboratory-based analysis may lead to underestimation 

of hospital burden. On the other hand, it is possible that 
patients with morbidity not specifically related to influen-
za were included in our analysis. Respiratory syncytial virus 
(RSV), for example, can also cause respiratory illness during 
the fall and winter.19 However, in Israel, RSV epidemic 
usually occurs before the influenza epidemic.17,20 Thus, it 
is expected that only a small percentage of hospital admis-
sions due to RSV would occur during the influenza season. 
Another limitation of our study relates to the small number 
of months in the beginning and end of influenza seasons in 
which influenza activity was recorded only during part of the 
month. Thus, hospital burden may have been underestimat-
ed during these “incomplete” months. Future studies using 
time series analysis methods will contribute to a more ac-
curate estimation of such differences, as well as account for 
variability in influenza activity. 

Our results clearly highlight the issues that challenge 
hospitals in Israel, and possibly other countries, during in-
fluenza seasons, such as the most affected age groups and 
the shortening of hospital stay. Thus, our findings are most 
relevant for hospital preparedness towards influenza seasons, 
particularly in terms of the need for additional hospital beds  
and personnel.
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