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ABSTRACT

Objective To calculate the incidence of hospitalisation
due to acute respiratory failure, pneumonia, acute
respiratory distress syndrome (ARDS), febrile seizures and
encephalitis/encephalopathy among influenza-positive
patients in Japan, where point-of-care tests are routinely
used to diagnose influenza.

Design A cross-sectional study using routinely collected
data.

Setting Japanese clinics and hospitals between 2012 and
2016.

Participants Japanese patients aged 0-74 years
diagnosed with influenza by a rapid test in employment-
related health insurance records.

Primary outcome measures Incidence of hospitalisation
per 100000 influenza-positive episodes.

Results We included over 16 million influenza-positive
episodes, 1.0% of whom were hospitalised. Of these,
3361 were acute respiratory failure, 27 253 pneumonia,
18 ARDS, 2603 febrile seizure and 159 encephalitis/
encephalopathy. The percentage of hospitalisations

by age was 2.96% of patients aged 0—1 years, 0.77%
aged 2-5, 0.51% aged 6-12, 0.78% aged 13-18,
1.36% aged 19-44, 1.19% aged 45-64, and 2.21%
aged 65-74. The incidence of hospitalisations from
these five complications combined was highest in
influenza-positive patients aged 0-1 years (943 per
100 000) compared with 307 in those aged 2-5 years
and 271 in those aged 65-74 years. For pneumonia,
the incidence was highest for influenza-positive
patients aged 0-5 years and 65 years or more. There
were statistically significant decreasing trends over
the years in the incidence of all-cause hospitalisations,
pneumonia and febrile seizures.

Conclusions Japanese administrative data revealed
that 1.0% of influenza-positive patients aged under 75
years were hospitalised. Male patients had a higher
incidence of pulmonary complications and febrile
seizures. Children aged 0-5 years and adults aged
65—74 years were at high risk of being admitted to
hospital for pneumonia.

Strengths and limitations of this study

» This study uses Japanese routinely collected data
where uniquely diagnostic tests are used to identify
influenza infections in the population.

» Point-of-care testing for influenza has limited sen-
sitivity, but its high specificity means that nearly
all the participants in this study were infected with
influenza.

» Limitations of the data set prevent analysis of mor-
tality and patients over the age of 74 years.

INTRODUCTION

Influenza is a major burden on health systems
worldwide. Every year, an estimated one
billion people,’ including 90 million children
younger than 5 years of age, are infected with
influenza globally, and 1 million people have
influenza-associated acute lower respiratory
tract infection,2 which causes 290 000-600 000
deaths.”

Complications of influenza which cause
hospitalisations are a serious public health
concern. In both Western and Asian coun-
tries, majority of influenza-related hospital
admissions are due to respiratory or neuro-
logical complications: pneumonia, febrile
seizure, acute respiratory failure, acute respi-
ratory distress syndrome (ARDS) and enceph-
alitis/encephalopathy.*™ We refer to these as
‘severe complications’ here. Hospitalisation
rates from influenza infection have been inves-
tigated,*? but most studies were conducted in
Western countries, where testing for influenza
is not routine. This means that studies have
used either limited sample sizes of positively
identified individual hospitalised patients,
or extrapolated from influenza surveillance
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data.”"" Hospital-based studies may have underestimated
the risk and the number of infections and complications
in the community.'? Previous studies have used estimates
of the general population as denominators, rather than
assessing the risk of admission among the infected popu-
lation, combining the risk of infection and the risk of
complications. This is problematic because programmes
targeting high-risk groups, such as vaccination or prophy-
laxis, may reduce the number of infections in high-risk
groups, biasing estimates of the risk of complications
if infected.'® Also, many studies pre-date the option of
administering new neuraminidase inhibitors."”

Although it is also seen internationally,'*"® influenza
encephalitis is a particular concern among Japanese
physicians owing to a high incidence and mortality rate
in Japan.” " The prognosis for patients with influenza
encephalitis/encephalopathy is very poor; approximately
30% of affected patients die and 20%-30% have neuro-
logical sequelae.”* To understand the aetiology and prev-
alence of this severe outcome, surveillance has been
conducted.” ** In Japan, influenza-associated encepha-
lopathy is a notifiable disease.”” Japanese physicians are
required to reportinfluenza infection cases with (1) death
after coma or hospitalisation with coma for 24hours or
more; and (2) a fever of 38°C or higher, central nervous
system manifestation or prior influenza infection symp-
toms. This surveillance system has detected 60-100 influ-
enza encephalitis cases annually?” and 331 cases during
the 2009-2010 pandemic®’; however, underreporting
of cases has been acknowledged.”” Another survey of
paediatric departments in 265 hospitals reported 263
influenza-associated encephalopathy cases over $ years.”
The authors estimate that there are 200-300 influenza
encephalopathy cases per annum in Japan®; therefore,
the incidence of influenza encephalitis/encephalopathy
is not accurately known.

To understand the incidence of severe complications
in patients with influenza, an analysis of large-scale,
real-world data is needed, encompassing hospital and
community sites. Previous studies using large data sets
of routinely collected medical records have had to rely
on clinical diagnoses of influenza-like illness or model-
ling of influenza and other respiratory virus infections
using incomplete laboratory data.' In Japan, diagnostic
testing for influenza is routine, which presents a unique
opportunity to combine the benefits of large data sets
with positive diagnoses.® We therefore sought to estimate
the incidence of hospitalisation with the above five severe
complications per influenza infection, using Japanese
health insurance claim data.

METHODS

Patients and data

We analysed administrative data provided by Japan
Medical Data Center (renamed to JMDC), Tokyo,
Japan.* The data source was the monthly health insur-
ance claim records between January 2012 and December

2016 of approximately three million employees and their
dependents, representing 2.4% of the Japanese popula-
tion. Within health insurance coverage in Japan, people
can consult physicians in any type of hospital and depart-
ment, and medical doctors in any specialty can diagnose
influenza and prescribe anti-influenza medications. The
age of patients in the data set ranged from 0 to 74 years
because all Japanese people aged 75 or more (except for
individuals who are on public assistance) are covered by
another health insurance programme with lower out-of-
pocket expenses.

From the database, we extracted the data of individ-
uals who consulted physicians with influenza-like illness
episodes. We then included only patients with a diagnosis
of influenza virus infection. In Japan, the use of immuno-
chromatogenic assay point-of-care tests (POCT) in clin-
ical practice has been covered by public health insurance
from 1999.** As recommended in Japanese guidelines,™
a test-and-treat strategy is routine.””' Even if physicians
only slightly suspect influenza infection, they use a POCT
to diagnose influenza and administer antivirals to the
positive patients.” *** Testing would be indicated in fever,
sore throat, malaise, non-productive cough or a history
of infection in the family, for example.”” * During the
2009-2010 pandemic influenza A(HIN1) season, physi-
cians performed this test in majority of cases (>90%), and
we believe this was likely to be the case during the period
of this study because in Japan paediatric patients with an
influenza-like illness are required to obtain a medical
certificate showing they do not have influenza before
returning to school.”

Outcomes

Hospitalisation was recorded in the health insurance
claims of inpatients. In patients with a diagnosis of influ-
enza infection, we identified those who were hospitalised
with a diagnosis of acute respiratory failure, pneumonia,
ARDS, febrile seizure and encephalitis/encephalopathy
on their records, according to the International Classifi-
cation of Diseases (ICD-10) codes. The primary outcomes
were the incidence of each of the five severe complications
per 100000 influenza infections. Acute respiratory failure
was coded as J960, J988, R060, R0O68 or R092, pneumonia
was coded as J10-J18 or J20-]J22, ARDS as J80, and febrile
seizures as R560. We defined influenza encephalitis/
encephalopathy as patients who were diagnosed using
ICD-10 codes for influenza infection and encephalitis/
encephalopathy (G0O0-G09 or G41) and had been admin-
istered steroid pulse or immunoglobulin therapy.*

Statistical analysis

We examined the number of diagnosed influenza infec-
tions and severe complications by sex, age, outpatient/
inpatient status, number of beds in the facility and clin-
ical specialty. In Japan, clinical facilities with fewer than
20 beds are denoted a ‘clinic’ by law. Clinics are usually
run by a single medical doctor and function as a primary
care department. Most clinics have no beds, but a very
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Figure 1 Histogram of the ages of influenza-infected
outpatients in the 2012/2013, 2013/2014, 2014/2015
and 2015/2016 seasons, according to health insurance
administrative data.

seizure tended to increase with the number of hospital
beds.

Hospitalisation rates from severe complications

The combined incidence of the five complications was
189 per 100000 diagnosed infections. Pneumonia was
the most common complication, with 164 per 100000
diagnosed infections, followed by acute respiratory
failure (20.2), febrile seizures (15.7), encephalitis/
encephalopathy (0.9) and ARDS (0.10). Table 3 shows
the incidence of five severe complications by age, sex and
influenza season. Whereas the incidence of acute respi-
ratory failure, pneumonia, ARDS and febrile seizures was
higher in men, encephalitis/encephalopathy was higher
in women. There were decreasing trends over the years in
the incidence of hospital admissions from pneumonia (p
for trend <0.0001), febrile seizure (p for trend <0.0001)
and the five severe complications combined (p for
trend <0.0001), but not acute respiratory failure (p
for trend=0.07), encephalitis/encephalopathy (p for
trend=0.19) or ARDS (p for trend=0.98). In each age
group, pneumonia was the most common complication.

Histogram of ages of influenza-infected inpatients
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Figure 2 Histogram of the ages of influenza-infected
inpatients in the 2012/2013, 2013/2014, 2014/2015
and 2015/2016 seasons, according to health insurance
administrative data.

The incidence of acute respiratory failure, pneumonia
and febrile seizure was highest in patients aged 0-1 years,
ARDS was highest in those 65—74 years and encephalitis/
encephalopathy was highest in patients aged 13-18 years.

Figures 3 and 4 show the number and percentage of
inpatients with complications by age group and age over
the study period. Young children had most of the severe
complications. Across all age groups, pneumonia was
by far the most common of the five complications, and
the age group with the largest number of cases was chil-
dren aged 2-5 years. In contrast, the proportion of infec-
tions hospitalised was highest in patients aged 0-1 years
(2.96%) and second highest in those aged 65-74 years
(2.21%).

Figure 5 shows the number of influenza-infected
patients and the proportion who were inpatients by
calendar month between 2012 and 2016. Every year the
number of infections increased from winter to spring,
while the proportion admitted peaked in summer. The
number of infections was similar between 2014 and 2016.
The proportion hospitalised gradually decreased between
2012 and 2016.

DISCUSSION

Principal findings

We described the epidemiology of hospital admissions
and five key severe complications in large cross-sectional
data of influenza-positive patient visits. Influenza diag-
noses were the most common in young children and
middle-aged patients (table 1 and figures 1-2). The inci-
dence and absolute number of hospital admissions with
complications of influenza were highest in young children
(figure 2 and table 3). The most common complication
was pneumonia (table 1). The incidence and absolute
number of admissions for pulmonary complications were
highest in children (figures 3—4 and table 3). Patients
aged 65-74 years were also at high risk for admission from
complications, but the absolute number of both influ-
enza infections and serious complications was lower than
for children in our data set (figures 3-4 and table 3). The
incidence of admissions for encephalitis/encephalopathy
was relatively high in children aged 0-18 years (table 3).
There was a decreasing trend in the proportions of infec-
tions hospitalised for any reason and with any of the five
complications, pneumonia or febrile seizures between
2012 and 2016 (table 3 and figure 5).

Comparison with previous research

Male patients suffered more complications than female
ones, especially for acute respiratory failure, pneumonia
and febrile seizures (table 3). This is consistent with
previous studies reporting that during the 2009-2010
pandemic influenza A(HIN1) season, the incidence of
hospitalisation in male children was greater than in female
children in the USA (56%),” Canada (60%)™ and Japan
(64.3%).% Asthma is a risk factor for pneumonia in chil-
dren with influenza.*® Our finding of an increased risk
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Table 2 Total number of inpatients with severe influenza complications by department and hospital type among 16 636 913

Japanese influenza cases between 2012 and 2016

Acute
respiratory Encephalitis/
Category Inpatients failure Pneumonia ARDS Febrile seizure encephalopathy
n 164394 3361 27253 18 2603 159
Clinical department, n (%)
Internal medicine 23722 (14.4) 682 (20.3) 3633 (13.3) 6 23 (0.9 57 (35.8)
Paediatrics 47138 (28.7) 1794 (53.4) 19012 (69.8) 2 2461 (94.5) 63 (39.6)
Otorhinolaryngology 12825 (7.8) 43 (1.3) 217 (0.8) 0 2 (0.1) 0
Orthopaedics 7158 (4.4) 43 (1.3) 338 (1.2) 0 6(0.2) 0
Dermatology 1100 (0.7) 3(0.1) 45 (0.2) 0 0 0
Surgery 17138 (10.4) 189 (5.6) 720 (2.6) 3 18 (0.7) 0
Ophthalmology 2302 (1.4) 0 23 (0.1) 0 1 (0.04) 0
Obstetrics and 15155 (9.2) 88 (2.6) 330 (1.2) 0 0 0
gynaecology
Psychiatry 2486 (1.5) 28 (0.8) 197 (0.7) 0 8 (0.3) 37 (23.3)
Others or not 35370 (21.5) 486 (14.5) 2738 (10.0) 0 84 (3.2) 2(1.3)
specified
Hospital beds, n (%)
0-19 16843 (10.2) 167 (5.0) 805 (3.0) 0 18 (0.7) 0
2099 10202 (6.2) 106 (3.2) 913 (3.4) 8 36 (1.4) 0
100-199 12661 (7.7) 308 (9.2) 2394 (8.8) 0 147 (5.6) 0
200-299 15701 (9.6) 358 (10.7) 2933 (10.8) 7 220 (8.5) 26 (16.4)
300-499 40753 (24.8) 922 (27.5) 9179 (33.7) 0 10083 (38.5) 57 (35.8)
500+ 68234 (41.5) 1500 (44.7) 11029 (40.5) 8 1179 (45.3) 76 (47.8)
Hospital type, n (%)
Clinic 16817 (10.2) 167 (5.0) 805 (3.0) 0 18 (0.7) 0
National or municipal 48243 (29.3) 985 (29.4) 10995 (40.3) 10 1314 (50.5) 82 (51.6)
hospital
University hospital 21898 (13.3) 285 (8.5) 2049 (7.5) 0 162 (6.2) 34 (21.4)
Other hospital 77185 (47.0) 1919 (57.2) 13404 (49.2) 8 1109 (42.6) 43 (27.0)
Not specified 251 (0.2) 5(0.1) 0 0 0 0

ARDS, acute respiratory distress syndrome.

of pneumonia in males may be because asthma is a more
common disease in boys than girls.40 It is also known that
boys get febrile seizures more often than girls.41 This was
also observed in our data for febrile seizures with influ-
enza infection. In contrast, our data suggest the possi-
bility of a higher risk of encephalitis/encephalopathy
in women with influenza infection (table 3). However,
in Japanese surveillance reports from 2007 to 2010, 153
of 263 (58.2%) paediatric patients with encephalopathy
were male.”” Because the means of data collection in
previous studies were different, we are unable to conclude
in which sex complications are more common. Further
study with another large data set is needed to investigate
risk factors, including sex, for hospitalisation and inci-
dence of encephalitis/encephalopathy in Asian people.
Our results by age are consistent with those of previous
studies and add to understanding the risk of specific

complications among those with a diagnosis of influenza.
Previous studies, being unable to identify a large number
of influenza-positive patients, have used small numbers of
influenza-positive admissions as cases and general popu-
lation estimates as the denominators. This combines the
risk of infection and the risk of complications. We found
that the risk of hospitalisation was highest in infected
infants aged 0-1 years (figures 2—4 and table 3). This is
consistent with a US study which found that the highest
hospitalisation rate was among infants aged under 1year
(11.9 per 100000 population) during the 2009-2010
influenza A(HIN1) pandemicg; in addition, we are able
to show that the risk of admission is as high as 943 per
100000 infections. A study from the UK also reported
that children aged 6 months to 4 years had the high influ-
enza-related hospitalisation rates between 2001 and 2007
(3360 per 100000 population).®
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Figure 3 Number of influenza-infected inpatients with severe complications and proportion of hospitalisation in a health
insurance claim database, by age group, between 2012 and 2016. Bars represent the number of each severe complication;
the line represents the proportion of infections resulting in hospitalisation in each age group. ARDS, acute respiratory distress

syndrome.

Asystematic review found large gaps in the evidence base
(describing the evidence for risk factors for admissions
as ‘limited to absent’).'* They found contrasting results
with children under the age of 2years at higher risk of
admission to hospital than older children with pandemic
HI1NT1 influenza but the reverse with seasonal influenza.'”
They also found evidence of spectrum bias; studies from
hospitals and intensive care units gave lower estimates
of risk of death than community-based studies for both

No. of severe complications

the elderly and children compared with young adults. As
well as including positively diagnosed patients, our study
covers both the community and hospital settings and is
of sufficient size to allow estimation for specific causes of
admission. In addition, because vaccination reduces the
hospitalisation rate,”* vaccination programmes in other
countries that target high-risk groups may bias hospital-
isation rate estimates for these patients. In Japan all indi-
viduals have had to pay a fee to receive influenza vaccine

Proportion of hospitalisations, %

6,000 6.0
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Figure 4 Number of influenza-infected inpatients with severe complications and proportion of hospitalisation in a health
insurance claim database, by age, between 2012 and 2016. Bars represent the number of each severe complication; the line
represents the proportion of infections with hospitalisation. ARDS, acute respiratory distress syndrome.
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hospitalised.

irrespective of their risk profile since 1994, when free
vaccination for primary and secondary school students
was stopped.* This means that high-risk groups in Japan
are less resistant to severe disease than in other countries,
reducing this bias in our hospitalisation rates.

Implications for clinicians and policymakers

During the 2009-2010 pandemic, the WHO"* and the
Centers for Disease Control and Prevention® issued
guidelines for early neuraminidase inhibitor treatment.
There are suggestions that administration of this medi-
cation within 48hours reduces mortality and severe
outcomes.” A Cochrane review, while critical of the
quality of trial evidence, found a reduction in secondary
infections among children who were prescribed osel-
tamivir. During the 2000s, four neuraminidase inhib-
itors became available in Japan: zanamivir in 2000,
oseltamivir in 2001, and laninamivir and peramivir in
2010.%* The Japanese Association for Infectious Diseases
also recommended postexposure prophylaxis of zana-
mivir and oseltamivir in hospitals and geriatric facili-
ties in 2012. Reportedly, seven to eight million patients
per annum were prescribed with neuraminidase inhib-
itors from 2011 to 2015; more than half of all patients
infected with influenza received these medicines.?
The decreasing trend with time in the hospitalisation
and the composite incidence of the five severe compli-
cations (table 3; p<0.0001) might be attributed to the
increasingly widespread use of'” ** and more options
for neuraminidase inhibitors.® ** This decreasing trend
was not altered in the 2014/2015 season when influenza
A(H3N2) spread internationally, including in Japan.so

A recent meta-analysis of randomised controlled trials
reported that in patients with pathogen-ascertained
influenza, as is practice in Japan, treatment with osel-
tamivir reduced hospital admissions by 63%.”"

In our study, the incidence of hospitalisations, acute
pneumonia and febrile seizures decreased with time
(table 3, all p values <0.0001). This was observed in
parallel with increased administration of neuraminidase
inhibitors. However, there appears to be no trend in the
risk of encephalitis/encephalopathy. Because influenza
encephalitis appears to be mediated by an acute process
during infection,' it is important to prevent influenza
infection to reduce the incidence of encephalitis. The
primary countermeasure to protect individuals from
infection is vaccination. National vaccine policies may
have impacted on variation in the hospitalisation inci-
dence between countries. In Japan, schoolchildren were
vaccinated routinely from 1976 to 1993, when influenza
was removed from the list of free routine vaccinations, and
vaccination of high-risk groups was only recommended
from 2001, although for a fee which has limited uptake.52
Studies of this natural experiment suggest that the former
routine vaccination programme for schoolchildren indi-
rectly reduced excess mortality among the elderly.” **
The previous results suggest indirect effect of the vaccines
on reducing severe complication risk among children;
however, the effect on the incidence of encephalitis is
unknown. Because current encephalitis treatments are of
limited effectiveness, a vaccination programme covering
a broad population may be the best way to reduce the
morbidity associated with influenza encephalitis.

8

Yokomichi H, et al. BMJ Open 2019;9:€024687. doi:10.1136/bmjopen-2018-024687



Strengths and weaknesses

A main strength of this study is that the included patients

were diagnosed with influenza by testing. The majority of

influenza-like illness is usually caused by infections other
than influenza.”* Diagnoses were based on rapid antigen
detection with immunochromatogenic assay. Because

POCTs for influenza are less invasive and require less

time than laboratory tests, they are an essential tool for

physicians to evaluate influenza in outpatient and inpa-
tient clinical practice in Japan.6 Although low sensitivity

(59%-93%)" is a weak point for POCTSs, the specificity

is 98%-100%." *° This means that nearly all individ-

uals with influenza-like illness who have POCT-positive
results (the participants in this study) were infected with
influenza. This makes routinely collected Japanese data
unique. Additionally, all Japanese people who are hospi-
talised with severe complications of influenza infection
should be present in universal health insurance data.

Therefore, we did not greatly overestimate the number of

infected patients or underestimate severe complications,

and thus did not underestimate the risk of complications
and hospitalisations.

There are limitations inherent to the data set used in
this study. First, POCTs for influenza are known to have
variable sensitivity. In the 2010s, 20 or more POCT Kits
were available in Japan.”” Sensitivity would have been
influenced by the following factors:

1. Time from the onset of illness. Reportedly, the sensitiv-
ity is lower 0—24 hours from symptom onset and high-
er in days 2-4.”® * Parents tend to bring children to
paediatricians at an earlier stage of the infection, while
infected employed adults tend to consult physicians
in the mid or later stages. This would bias sensitivity
towards comparatively low in children compared with
adults.

2. Patient age. In contrast children are known to have
higher viral load and longer shedding, and conse-
quently POCTs have higher sensitivity in children.60
61

3. Influenza type A/B/C. POCT sensitivity is higher in
influenza A than in B.* In Japan, influenza type A
spreads early in winter, type B late in winter and type
C in all seasons. Therefore, the sensitivity might have
been relatively low between January 2012 and August
2012 and higher between September 2016 and De-
cember 2016 (table 3).

4. Operator technique.” In almost all Japanese medical
care facilities, physicians conduct POCT for individu-
als with influenza-like illness.”” *' Because physicians
are trained to appropriately sample specimen material,
operator bias within our Japanese data would be small.

5. Number of times patients were tested. In Japan, physi-
cians are permitted to conduct POCTs up to twice per
patient in a calendar month within health insurance
coverage. Even if the first POCT had failed to detect
influenza-positive patients, the second POCT might
identify the infection. Thus the sensitivity in Japanese
clinical practice would be higher than the nominal

sensitivity. Overall, the sensitivity of POCTs can vary
unpredictably according to the circumstances. Our
denominator (influenza-positive episodes) may be un-
derestimated in low-sensitivity situations and to a small-
er degree in high-sensitivity situations. In contrast, we
would expect almost all of the numerator population
(hospitalised patients with severe symptoms) would
have been positively diagnosed. Thus, the estimated
incidence of hospitalisation among influenza-positive
patients may have been overestimated.

Second, the administrative data from employees and their
families used here do not permit analysis of patients aged 75
years or more. Also, due to employment patterns in Japan,
the number of male patients was slightly higher than female
patients (table 1). The sex ratio varies across generations in
Japan, with more males in younger populations and females
predominating in older populations.”” However, the inci-
dence of hospitalisation among infected patients in both
sexes and the studied age groups should not be biased by
this imbalance. Third, we were unable to estimate influen-
za-related mortality in this data set, but the data are suffi-
cient to allow examination of serious complications that are
major public health concerns. Although we were unable
to define encephalitis/encephalopathy cases virologically,
we added the requirement of receiving specific therapy to
the definition of encephalitis/encephalopathy cases.”® This
more stringent definition reduces the likelihood that we
have overestimated this outcome. Further analyses of influ-
enza-related mortality in Japan are needed, and this should
encompass older adults. The effect of neuraminidase inhibi-
tors should be examined using observational data, as clinical
trials are likely to be underpowered for rare but important
complications such as encephalopathy.

CONCLUSIONS

Using Japanese administrative data, 1.0% of patients
who tested positive for influenza infection were hospi-
talised. Male patients had a higher incidence of pulmo-
nary complications and febrile seizures. Children aged
0-5 years and adults aged 65-74 years were at high risk
of being admitted to hospital for pneumonia, with the
highest absolute numbers of hospitalised patients among
young children. Further efforts are needed, such as active
prescription of neuraminidase inhibitors and vaccina-
tion programmes, to prevent hospitalisations from severe
complications in these age groups.
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