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Evaluation of using ICD-10 for RSV surveillance and identification of risk factors for RSV

Abstract (English)

Introduction

Respiratory syncytial virus (RSV) is the common cause of acute lower respiratory tract
infection (ALRI) and a major cause of hospital admission for ALRI in young children. The
aims of the study were to evaluate the use of RSV specific ICD-10 codes for RSV

surveillance and to identify risk factors for hospitalized RSV and its severe outcomes.
Methods

Secondary data analysis was performed based on data of the existing ICD-10-based and
virological surveillance systems for acute respiratory infections (ARI) in Germany. The
data of ICD-10-based and virological surveillance in primary care were matched.
Sensitivity and specificity of RSV specific ICD-10 codes for the identification of laboratory-
confirmed RSV infections were calculated. Based on data of the ICD-10-based
surveillance in secondary care, univariable and multivariable logistic regression analysis
was performed to assess age group, gender, season and underlying medical conditions
as possible risk factors for hospitalized RSV and its severe outcomes including ICU

admission, application of ventilator support and death.
Results

Data of 1,087,243 ARI consultations and 23,834 respiratory specimens in the surveillance
systems in primary care could be analyzed. Of these, 2,624 ARI cases could be matched.
The RSV specific ICD-10 codes had poor sensitivity (6%, 95%-Cl:3%-12%), and high
specificity (99.8%, 95%-C1:99.6%-99.9%). In children <5 years within RSV seasons, the
sensitivities of RSV specific ICD-10 codes when combined with general ALRI ICD-10
codes J18.-, J20.- and with J12.-, J18.-, J20.-, J21.-, J22 increased 7-fold (44%, 95%-
Cl:30-59%). The specificities of both combinations remained high (91%, 95%-CI:86-94%;
90%, 95%-CI:85-94%). Based on the ICD-10 surveillance data in secondary care,
413,552 severe ARI (SARI) cases and 8,761 RSV cases were identified. Among SARI
cases aged <5 years, the age group <1 year, underlying respiratory and cardiovascular
disorders specific to the perinatal period were risk factors for being diagnosed with RSV.
In age group >=5 years, underlying congenital defect originating in perinatal period, cystic

fibrosis, vitamin D deficiency and chronic pulmonary disease were risk factors for being
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diagnosed with RSV. Age groups 0-5 months and >=65 years, low birth weight, preterm
newborn, underlying respiratory and cardiovascular disorders specific to the perinatal
period, congenital malformation of the heart and great vessels, congenital defect
originating in perinatal period, cystic fibrosis, chronic pulmonary disease, cardiovascular
disease, neurological disorders, blood disease, liver disease and renal failure were risk

factors for severe outcomes of RSV disease.
Conclusions

RSV specific ICD-10 codes underestimate the number of actual RSV diseases. This can
be overcome by combining RSV specific and general ALRI ICD-10 codes. Using ICD-10-
based surveillance data allows identifying risk factors for hospitalized RSV and its severe

outcomes.
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Abstract (German)

Einleitung

Das Respiratorische Syncytial-Virus (RSV) ist der haufigste Erreger von akuten
Erkrankungen der unteren Atemwege (AEUA) bei Kleinkindern. Diese Arbeit evaluierte
die Verwendung der RSV-spezifischen ICD-10-Codes fur RSV-Surveillance und
identifizierte Risikofaktoren fur hospitalisierte RSV-Erkrankung und ihre schweren

Outcomes.
Methodik

Sekundardatenanalyse wurde basierend auf den Daten von ICD-10-basierten und
virologischen Surveillance-Systemen flr akute respiratorische Erkrankungen (ARE) der
Primar- und Sekundarversorgung in Deutschland durchgefiihrt. Die Sensitivitdt und
Spezifitat von RSV-spezifischen ICD-10-Codes zur ldentifizierung von laborbestatigen
RSV-Erkrankungen wurden berechnet. Mit den ICD-10-basierten Surveillance-Daten
wurde univariable und multivariable logistische Regressionsanalyse durchgefihrt, um
Risikofaktoren fur hospitalisierte RSV-Erkrankung und ihre schweren Outcomes

(Intensivbehandlung, Beatmung und Tod) auszuwerten.
Ergebnisse

Daten von 1.087.243 ARE-Konsultationen und 23.834 Atemproben in den Surveillance-
Systemen in der Primarversorgung konnten analysiert werden. Davon konnten 2.624
ARE-Falle abgeglichen werden. Die RSV-spezifischen ICD-10-Codes hatten eine
niedrige Sensitivitat (6%, 95%-KI:3%-12%) und hohe Spezifitat (99,8%, 95%-KI:99,6%-
99,9%). Die Sensitivitaten erhohten sich in Kombination mit den allgemeinen AEUA ICD-
10-Codes J18.-, J20.- und J12.-, J18.-, J20.-, J21.-, J22 (44%, 95%-KI:30-59%) bei
Kindern <5 Jahren wahrend der RSV-Saison. Die Spezifitaten beider Kombinationen
blieben hoch (91%, 95%-KI:86-94%; 90%, 95%-KI:85-94%). Basierend auf den ICD-10-
Code-Daten in der Sekundarversorgung wurden 413.552 schwere ARE (SARI)-Féalle und
8.761 RSV-Félle identifiziert. Bei SARI-Fallen <5 Jahren alt, die Altersgruppe <1 Jahr,
Krankheiten des Atmungs- und Herz-Kreislaufsystems, die fir die Perinatalperiode
spezifisch sind waren Risikofaktoren fur RSV-Erkrankung. Bei Altersgruppe >=5 Jahre,

angeborene Fehlbildungen, die fir die Perinatalperiode spezifisch sind, Mukoviszidose,
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Vitamin-D-Mangel und chronische Lungenerkrankung waren Risikofaktoren flir RSV-
Erkrankung. Altersgruppen 0-5 Monate und >=65 Jahre, niedriges Geburtsgewicht,
Frihgeburt, Krankheiten des Atmungs- und Herz-Kreislaufsystems, die fur die
Perinatalperiode spezifisch sind, angeborene Fehlbildung des Herzens und der grof3en
Gefalle, angeborener Defekt mit Ursprung in der Perinatalperiode, Mukoviszidose,
chronische Lungenerkrankung, Herz-Kreislauf-Erkrankung, neurologische Erkrankung,
Bluterkrankung, Lebererkrankung und Nierenversagen waren Risikofaktoren fur schwere
Outcomes von RSV-Erkrankung.

Schlussfolgerungen

RSV-spezifische ICD-10-Codes unterschatzen die Anzahl der tatsachlichen RSV-
Erkrankungen. Dies kann durch die Kombination der RSV-spezifischen und allgemeinen
AEUA ICD-10-Codes gelost werden. Durch ICD-10-basierte Surveillance-Daten kénnen
Risikofaktoren fir hospitalisierte RSV-Erkrankung und ihre schweren Outcomes

identifiziert werden.
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1 Introduction

Respiratory syncytial virus (RSV) is a single-stranded, negatively oriented and
unsegmented RNA virus of the family Pneumoviridae. RSV can be subtyped into Type A
and Type B. Viral strains of both subtypes circulate simultaneously [1]. Based on the
virological surveillance data in Germany, RSV B dominated in the seasons 2018/19 (60%)
and 2017/18 (66%), RSV A dominated in the season 2016/17 (63%) [2].

RSV is a worldwide distributed pathogen of acute respiratory infection (ARI) of all ages.
Adults with RSV may often have asymptomatic infection or mild symptoms of upper
respiratory tract infection. In infants, young children and older adults, RSV infection often
spreads to the lower respiratory tract. RSV is the most common cause of bronchiolitis and
pneumonia within the first year of life [1, 3-5]. By the end of the first year of life, 50-70%
and by the end of the second year of life almost all children are infected with RSV at least
once. RSV is also a major cause of hospital admission for acute lower respiratory tract
infection (ALRI) in infants and young children [3, 5]. Worldwide in 2015, 21.6-50.3 million
RSV-associated ALRI episodes occurred in children younger than 5 years, with about
2.7-3.8 million hospital admissions [4]. The transmission takes place normally through
droplet infection from an infectious person to a contact person. RSV disease has similar
seasonality as influenza. In Central Europe, the RSV season is normally from November
to April of the following year. The peak of the RSV season lasts about 4-8 weeks and is
mostly in January and February [5]. Some studies indicated that besides some socio-
demographic and environmental factors, underlying medical conditions were associated
with an increased risk of being infected with RSV [5-8]. Furthermore, underlying medical

conditions may predispose young children to severe RSV disease [7, 9, 10].

Currently, only passive immunization with the monoclonal antibody palivizumab is
available for children at high risk, no vaccine against RSV is approved [1]. In 2015, the
World Health Organization (WHO) Product Development for Vaccines Advisory
Committee highlighted the development of RSV vaccines for global use [11]. Clinical trials
for RSV vaccines and long-acting monoclonal antibodies for passive immunization are
underway. Several novel RSV vaccines are expected to enter the market in the next years
[11, 12].

RSV is not notifiable in Germany. The sentinel system of the German Working Group on

Influenza (AGI) at the Robert Koch Institute (RKI) with its syndromic ARI surveillance and
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virological surveillance of respiratory pathogens is a central instrument of influenza and
ARI surveillance in primary care in Germany [2]. This system has been linked with a
sentinel electronic data collection system for ARI (SEEDARF) based on the 10" revision
of International Classification of Diseases (ICD-10) codes [2, 13, 14]. The software
module for the electronic recording of ICD-10 codes is based on an interface developed
by the RKI, which was implemented in five physician information systems in primary care
[14]. ICD-based syndromic surveillance is a relatively novel approach, compared to the
traditional surveillance. It has been shown to capture and transmit data rapidly, and
provide very early warning of potential public health threats [15]. In secondary care, the
RKI established an ICD-10-based surveillance system for severe ARI (ICOSARI) in
cooperation with a private hospital network in Germany [16]. Data on medical
consultations and hospitalizations with any of the RSV specific ICD-10 code diagnoses
(J12.1 RSV pneumonia, J20.5 acute bronchitis due to RSV, J21.0 acute bronchiolitis due
to RSV) have been collected through SEEDARE and ICOSARI, respectively [2, 13, 14, 16].

The planning of RSV vaccination strategies and the evaluating RSV vaccination impact
in the future rely on timely epidemiological data and long-term observation of
epidemiological situation of RSV through large scale RSV surveillance systems. Data of
the RSV specific ICD-10 codes derived from the ICD-10-based syndromic surveillance
systems at the RKI can be used for these purposes. However, the validity of RSV specific
ICD-10 codes for RSV surveillance is unclear. So far, only few studies have looked at
accuracy of RSV specific ICD-10 codes for the identification of true RSV infections [17].
Risk groups of severe RSV will benefit most from the RSV immunization once RSV
vaccines become available. So far, underlying medical conditions have not been
assessed comprehensively as risk factors for hospitalized RSV and its severe outcomes,

and inconsistent results have been shown for some underlying medical conditions [8].
The aims of this doctoral thesis were

(1) to evaluate using RSV specific ICD-10 codes for RSV surveillance and
(2) to identify risk factors, in particular underlying medical conditions as risk factors for
being diagnosed with RSV based on the ICD-10 data,
1) to identify risk factors for hospitalized RSV disease

2) to identify risk factors for severe outcomes of RSV disease
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in order to contribute to planning of the RSV vaccination strategies and evaluation

of RSV vaccination impact in the future.

2 Methods

2.1 Study data

Secondary data analysis was performed based on the anonymized data derived from
ICD-10-based surveillance systems SEEDARE and ICOSARI, and from the virological
surveillance at the RKI. An overview of characteristics of these surveillance systems is
given in Table 1. The SEEDARE system was approved by the German Federal
Commissioner for Data Protection and Freedom of Information, and the ICOSARI system
by the RKI and HELIOS Kliniken GmbH data protection authority [14, 16]. The virological
surveillance activities were approved by the German Federal Commissioner for Data
Protection and Freedom of Information and the Ethical Committee of the Charite,

Universitatsmedizin, Berlin.



Table 1 ICD-10-based and virological surveillance systems for influenza and ARI at the RKI, Germany

Surveillance
participants

Region of
participants

Data collection

Primary care

Sentinel electronic 193 practices (2007-2017)
data collection e 107 general practices;
system for ARI e 46 pediatric practices;
based on ICD-10 e 26 internist practices;
codes (SEED"¥) e 14 practices with
different specialties

Virological 222 practices (2010-2017)

surveillance

16 federal states

16 federal states

Digital data of medical consultations with any of ARI
ICD-10 code diagnoses (J00-J22, J44.0, B34.9)

Collected data: age, gender, region, ICD-10 code
diagnosis, consultation date, information on inability
to work, hospitalization, influenza vaccination status

Once a week

o Pediatric practices:

3 respiratory specimens of patients with ARI or
influenza like iliness (ILI) per practice

e General and internist practices:

5 respiratory specimens of patients with ARI or ILI
per practice

Collected data: age, gender, region, sampling date,
symptom, laboratory finding

Once a week

Secondary care

ICD-10 based
hospital
surveillance for
severe acute
respiratory
infections
(ICOSARI)

84 hospitals (2009-2018)

13 federal states

Digital data of hospitalizations with any of respiratory
ICD-10 code diagnoses (chapter X: J00-J99) as
primary or secondary discharge diagnosis

Collected data: age, gender, region, primary and
secondary discharge ICD-10 code diagnoses,
admission ICD-10 code diagnoses, admission date,
discharge date, length of hospital stay, ICU stay and
ventilation, discharge mode

Weekly updated

2.2 Methods for evaluation of using ICD-10 codes for RSV surveillance

The use of ICD-10 codes for RSV surveillance was evaluated based on the SEEDARE and

the virological surveillance data.

Based on SEEDARE data, a RSV case was defined as a medical consultation with any of
the RSV specific ICD-10 code diagnoses (J12.1, J20.5 and J21.0) [13]. Based on the
virological surveillance data, a confirmed-RSV-case was defined as the detection of RSV
RNA in a respiratory specimen in a patient by real-time reverse transcriptase polymerase
chain reaction (rtRT-PCR) [18]. RSV season was defined in line with literature as the
weeks when the cumulative number of RSV cases exceeded 1.2% of total RSV cases

during the observed period of a surveillance system. One gap week below the threshold

was allowed [19, 20].
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The sentinel practices participating in both SEEDARE and the virological surveillance were
selected by practice-ID. The medical consultations of SEEDARE were matched with
respiratory specimens of virological surveillance by practice-1D, age, gender, consultation
date and sampling date. Only one-to-one matches were included for the further data
evaluation. Sensitivity was calculated as the proportion of cases diagnosed with RSV
specific ICD-10 codes among laboratory confirmed-RSV-cases, and specificity as the
proportion of cases without RSV specific ICD-10 codes among RSV-negative cases.
Sensitivities and specificities of RSV specific ICD-10 codes were calculated among young
children (<2 years and <5 years of age), during RSV seasons, and combined with different
general ARI ICD-10 codes, respectively. The sensitivities and specificities were
calculated with 95%-confidence interval (95%-Cl). Stata® (version 15) was used for the

data analysis.

2.3 Methods for identification of risk factors for RSV and its severe
outcomes

Risk factors for hospitalized RSV and its severe outcomes were identified based on the
ICOSARI database.

A severe ARI (SARI) case was defined as a patient hospitalized with any of the ARI ICD-
10 codes J09-J22 as primary or secondary discharge diagnosis [13, 16]. A RSV case
(hospitalized RSV, severe RSV) was defined as a SARI case diagnosed with any of the
RSV specific ICD-10 codes (J12.1, J20.5, J21.0) as primary or secondary discharge
diagnosis [13]. ICU admission, application of ventilator support and death were
considered as severe outcomes of hospitalized RSV disease.

The hospital network of ICOSARI includes 45 original sentinel hospitals and additional 42
hospitals joined the hospital network after 2013. Due to the possible inconsistent
recording practices in the sentinel hospitals, data on ICU admission and application of
ventilator support were excluded from the data evaluation for the original sentinel

hospitals before 2013 and for the additional sentinel hospitals before 2015.

The specific ICD-10 codes of the underlying medical conditions chosen for the data
analysis were adapted from the Elixhauser and Fleming Comorbidity Indices (Table 2)
[21, 22, 23].
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Table 2 ICD-10 codes of underlying medical conditions [23]

Medical condition ICD-10 code
Disorder of newborn related to slow fetal growth

e PO5.-
and fetal malnutrition
Extremely low birth weight (<1000 grams) P07.0-
Low birth weight (1000-2499 grams) P07.1-
Extreme immaturity of newborn (<28 weeks) P07.2
Preterm newborn (28-37 weeks) P07.3
Resplra_tory and _cardlovascular disorder specific to P20-P29
the perinatal period
Congenital malformation of the heart Q20-Q24
Congenital malformation of the great vessels Q25-Q26

Congenital defect originating in perinatal period
Down syndrome

Sickle-cell disorder

Cystic fibrosis

Vitamin D deficiency

Asthma

Chronic obstructive pulmonary disease (COPD)

Chronic pulmonary disease (excl. asthma and
COPD)

Diabetes

Cardiovascular disease

Neurological disorders

Blood disease

Renal failure

Liver disease

Tuberculosis

Cancer

HIV/AIDS

Pregnancy

Q02, Q30.-, Q32-Q37, Q44.-, Q60.-, Q61.-, P70.0, P70.1, P70.2, P78.8
Q90.-

D57.-

E84.-

E55.-

J45.-, )46

J44.-

127.8, 127.9, J40-J43, J47, J60-J67, J68.4, J70.1, J70.3

E10-E14

A52.0, 105-108, 109.1, 109.8, 109.9, 110, 111, 113, 115, 125.5, 126, 127, 128.0,
128.8, 128.9, 134-139, 142.0, 142.5, 142.9, 143, 144.1-144.3, 145.6, 145.9, 147-
150, P29.0, Q23.0-Q23.3, R00.0, R00.1, R00.8, T82.1, Z45.0, Z95.0, Z795.2,
795.4

G10-G13, G20, G22, G25.4, G25.5, G31.2, G31.8, G31.9, G32, G35-G37,
G40, G41, G93.1, G93.4, R47.0, R56

D50.0, D50.8, D50.9, D51-D53, D65-D68, D69.1, D69.3-D69.6
112.0, 113.1, N18, N19, N25, 749.0, Z49.2, 794.0, Z299.2

B18, 185, 186, 198, K70, K71.1, K71.3, K71.5, K71.7, K72, K74, K76.0,
K76.2, K76.9, Z94.4

A15-A19

C00-C26, C30-C34, C37-C41, C43, C45-C58, C60-C85, C88, C96, C90.0,
C90.2, C97

B20-B22, B24

000-099
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Univariable and multivariable logistic regression analysis was carried out to assess age
group, gender, season and underlying medical conditions as possible risk factors for
being diagnosed with RSV among SARI cases, for ICU admission, application of
ventilator support, and death among RSV cases, respectively. The analysis was stratified
in two age groups <5 and >=5 years. Odds ratios (OR) were calculated and presented
with 95%-CI. A p value of <0.05 was considered statistically significant. Only variables
indicating significant associations with RSV or any severe outcomes of RSV in univariable
logistic regression models were kept in multivariable models, respectively. Stata®

(version 15) was used for the data analysis.

3 Results

3.1 Evaluation of using of ICD-10 codes for RSV surveillance

3.1.1 Descriptive analysis of RSV cases based on SEEDARE

From week 40/2007-13/2017, 1,087,243 ARI consultations were collected by the
SEED”RE system. Among them, 1,165 (0.11%) received a RSV specific ICD-10 code.
Among ARI cases aged <2 years, 765 (0.44%) received a RSV specific ICD-10 code.
Among the RSV cases, 66% (765) were children aged <2 years. In this age group, the
number of RSV cases was higher in boys (423) than in girls (339; Table 3). The
cumulative number of the RSV cases peaked in the 8th week (88) within the observed
period. The RSV season on average was from 41-16 week. The number of RSV cases

was highest in the season 2016/17 within the observed period.

3.1.2 Descriptive analysis of confirmed-RSV-cases based on virological
surveillance

Among 23,834 respiratory specimens tested for RSV in the virological surveillance of the
AGI from week 40/2010-18/2017, 1,785 (8%) were RSV positive. The RSV positive rate
(25%, 659) was highest among children aged <2 years. In this age group, the number of
confirmed-RSV-cases was higher among boys (378) than girls (270; Table 3). Within the
observed period, the cumulative number of confirmed-RSV-cases peaked in the 6th week
(143). The RSV season on average was from 48-15 week. The number of confirmed-

RSV-cases was also highest in the season 2016/17 within the observed period.
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Table 3 Comparision of RSV cases based on SEEDARE (week 40/2007-13/2017) und confirmed-RSV-cases based on
virological surveillance (week 40/2010-18/2017) by age group and gender

RSV cases based on SEEDARE Confirmed-RSV-cases based on virological surveillance

Age group Male Female Total Male Female Total Positive

(yr) n (%) n (%) n (%) n (%) n (%) n (%) rate (%)
0-1 423 (69) 339 (62) 765 (66) 378 (40) 270 (33) 659 (37) 25
2-4 92 (15) 90 (16) 184 (16) 260 (28) 259 (31) 522 (29) 16
5-14 32 (5) 28 (5) 60 (5) 86 (9) 67 (8) 153 (9) 3
15-34 27 (4) 33 (6) 60 (5) 54 (6) 44 (5) 98 (5) 2
35-59 28 (5) 42 (8) 70 (6) 96 (10) 104 (13) 201 (11) 3
>=60 10 (2) 16 (3) 26 (2) 64 (7) 80 (10) 145 (8) 6
Total 612 548 1,165 941 827 1,785 8

3.1.3 Sensitivity and specificity of RSV specific ICD-10 codes for the identification
of laboratory-confirmed RSV infections

From week 40/2010-13/2017, 48 sentinel practices participated in both SEEDARF and the
virological surveillance systems. In the 48 practices, 7% (400/5,589) of the respiratory
specimens were RSV positive, and 2,624 (47%) respiratory specimens could be matched

with the medical consultations based on SEEDARE system (Figure 1).

Virological

surveillance
222 practices,
week 40/2010-18/2017

SEED
193 practices,
week 40/2007-13/2017

48 practices
participated in both
SEED and virological
surveillance, week

40/2010-13/2017

Virological
SEED One to one matching by practice-1D, age, il 5589
410,117 gender, consultation and sampling date Sl bz 3y
respiratory specimens

medical consultations ﬁ tested for RSV

[ 2,624 matches ]

Figure 1 Matching of data from SEEDARE and virological surveillance, week 40/2010-13/2017 [24]

The sensitivity of RSV specific ICD-10 codes was 6% (95%-Cl: 3%-12%), and the
specificity was 99.8% (95%-CI: 99.6%-99.9%). The sensitivities of RSV specific ICD-10
codes when combined with general ALRI ICD-10 codes J18.-, J20.- and with J12.-, J18.-

, J20.-, J21.-, J22 in children aged <5 years within RSV seasons (based on the virological

14
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data 48-15 week) both reached 44% (95%-ClI: 30-59%), the specificities of the two
combinations were 91% (95%-Cl: 86-94%) and 90% (95%-CI: 85-94%), respectively.

Table 4 Sensitivities and specificities of RSV specific ICD-10 codes combined with different general ARI ICD-10 codes,
week 40/2010-13/2017 [24]

Sensitivity Specificity

% 95%-ClI % 95%-CI
RSV codes® 6 3-12 99.8 99.6-99.9
<2 years of age
RSV codes 8 2-22 99.4 95.6-99.9
<5 years of age
RSV codes 14 6-26 99.6 98-99.9
In RSV seasons?
RSV codes 7 3-12 99.8 99.5-99.9
<5 years of age within RSV seasons
RSV codes 16 7-29 99.5 98-99.5
RSV codes + J06.-3 48 34-63 62 55-68
RSV codes + J11.-* 30 18-45 75 68-80
RSV codes + J12.-° 16 7-29 99.5 98-99.9
RSV codes + J18.-° 30 18-45 98 95-99
RSV codes + J20.- 30 18-45 92 88-95
RSV codes + J21.-8 16 7-29 99.5 98-99.9
RSV codes + J22 16 7-29 99 97-99.9
RSV codes + B34.9 28 16-42 80 74-85
RSV codes + J18.-, J20.- 44 30-59 91 86-94
RSV codes + J18.-, J20.-, B34.9 56 41-70 72 65-77
RSV codes + J11.-, J18.-, J20.-, B34.9 62 47-75 48 42-55
RSV codes + J12.-, J18.-, J20.-, J21.-, J22 44 30-59 90 85-94
RSV codes + all general ARI codes® 90 78-97 16 11-21

IRSV codes: RSV specific ICD-10 codes J12.1, J20.5, J21.0

2RSV season: 48-15 week

3J06.-: J06, J06.0, J06.8, J06.9

4J11.-:J11, J11.0,J11.1, J11.8

5J12.-:J12,J12.8,J12.9

6J18.-: J18, J18.0, J18.8, J18.9

7J20.-: J20, J20.8, J20.9

8J21.-: J21, J21.8, J21.9

%all general ARI codes: J06, J06.0, J06.8, J06.9, J11, J11.0, J11.1, J11.8, J12, J12.8, J12.9, J18, J18.0, J18.8, J18.9, J20, J20.8,
J20.9, J21, J21.8, J21.9, J22, B34.9
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3.2 Identification of risk factors for hospitalized RSV and its severe outcomes

3.2.1 Descriptive analysis of RSV cases based on ICOSARI

3.2.1.1 RSV cases among SARI cases

From week 01/2009-20/2018, 1,685,235 respiratory disease hospitalizations were
collected by ICOSARI. Among them, 413,552 SARI cases were identified, 56% (232,340)
of them were male, and 64% (263,133) were >=65 years old. Of the SARI cases, 8,761
(2%) were RSV cases. Of the RSV cases, 57% were male, and 97% (4,955) were <5
years old (8,521). Of the total RSV cases, 6,773 were from the original sentinel hospitals

after 2013 or from the additional sentinel hospitals after 2015 and with information on ICU

admission and application of ventilator support (Figure 2, Table 5).

3.2.1.2 ICU admitted RSV cases, ventilated RSV cases and deceased RSV cases
Of the 6,773 RSV cases, 7% (492) were admitted to ICU during the study period. During
the ICU stay, 38% (185) required ventilator support, and 3% (15) died in hospital (Figure
2). Of the total admitted RSV cases, 0.3% (25) died in hospital (Table 5).

/

SARI cases (n=413,552;
week 01/2009-20/2018)

\

RSV cases (n=8,761;
week 01/2009-20/2018)

sentinel hospitals)

e

sentinel hospitals and week

RSV cases (n=6,773;
week 01/2013-20/2018 origin
01/2015-20/2018 additional

Y

/

\

/

ICU admitted RSV cases (n=492)

Ventilated RSV cases (n=185)

A

Figure 2 Number of SARI cases, RSV cases, ICU admitted RSV cases, ventilated RSV cases and deceased RSV cases [23]
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Table 5 RSV cases and RSV cases with severe outcomes by age group and gender (RSV cases and deceased RSV cases:
week 01/2009-20/2018; ICU admitted RSV cases and ventilated RSV cases: week 01/2013-20/2018 original sentinel hospitals,
week 01/2015-20/2018 additional sentinel hospitals) [23]

ICU admitted RSV

RSV cases cases Ventilated RSV cases Deceased RSV cases
Male Female Male Female Male Female Male Female
Age group n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)
0-5 months 2684 (54) 2099 (55) 164(63) 164 (71) 61 (60) 53 (63) 0 (0) 3(19)
6 months-1 year 1875 (38) 1338 (35) 54 (21) 35 (15) 17 (17) 10 (12) 2 (22) 3(19)
2-4 years 273 (6) 252 (7) 12 (5) 9 (4) 3(3) 5 (6) 1(11) 1(6)
5-64 years 62 (1) 56 (1) 13 (5) 5(2) 6 (6) 2(2) 1(11) 2 (13)
>=65 years 61 (1) 61 (2) 19 (7) 17 (7) 14 (14) 14 (17) 5 (56) 7 (44)
Total 4955 3806 262 230 101 84 9 16

3.2.1.3 RSV cases by calendar week

Within the observed period, 2016/17 was the season with the highest number of cases

(Figure 3).

Number of cases
3

5

80
a0
M A

RSV cases = ICU admitted RSV cases

Calendar week

Ventilated RSV cases

= Deceased RSV cases

Figure 3 Number of RSV cases and RSV cases with severe outcomes by calendar week, week 01/2015-20/2018 [23]
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3.2.1.4 RSV cases with underlying medical conditions

The proportion of total RSV cases with underlying respiratory and cardiovascular
disorders specific to the perinatal period (3.5%, 282) was higher than with other
underlying medical conditions. The proportion of different underlying medical conditions
varied from 0-3.5% (Table 6).

Table 6 RSV cases and RSV cases with severe outcomes by underlying medical condition (RSV cases and deceased RSV

cases: week 01/2009-20/2018; ICU admitted RSV cases and ventilated RSV cases: week 01/2013-20/2018 original sentinel
hospitals, week 01/2015-20/2018 additional sentinel hospitals) [23]

RSV cases ICU admitted RSV Ventilated RSV Deceased RSV
(n=8761) cases (n=492) cases (n=185) cases (n=25)
n (%) n (%) n (%) n (%)
Disorder of newborn related to
slow fetal growth and fetal 6(0.1) 1(0.2) 0 0
malnutrition
Extremely low birth weight (<1000
grams) 9(0.1) 3(0.6) 3(1.6) 0
Low birth weight (1000-2499
grams) 51 (0.6) 16 (3.4) 12 (6.5) 0
Extreme immaturity of newborn
(<28 weeks) 8(0.1) 3(0.6) 3(1.6) 0
Preterm newborn (28-37 weeks) 62 (0.8) 21 (4.4) 14 (7.6) 0
Respiratory and cardiovascular
disorder specific to the perinatal 282 (3.5) 60 (12.7) 35 (19.0) 1(4.0)
period
ﬁgggenltal malformation of the 131 (1.6) 35 (7.4) 19 (10.3) 2 (8.0)
Congenital malformation of the 34 (0.4) 13 (2.8) 8 (4.4) 0
great vessels
Congenital defect originating in
perinatal period 61 (0.7) 14 (2.9) 8 (4.3) 1(4.0)
Down syndrome 42 (0.5) 9(1.9) 2(1.1) 0
Sickle-cell disorder 2 (0.0) 0 0 0
Cystic fibrosis 9(0.1) 1(0.2) 1(0.5) 0
Vitamin D deficiency 13(0.2) 3(0.6) 3(1.6) 1(4.0)
Asthma 63 (0.7) 4(0.8) 1(0.5) 0
Chronic obstructive pulmonary 43 (0.5) 11(2.2) 8 (4.3) 3(12.0)

disease (COPD)

18



Evaluation of using ICD-10 for RSV surveillance and identification of risk factors for RSV

Chronic pulmonary disease (excl.

asthma and COPD) 54 (0.6)
Diabetes 62 (0.7)
Cardiovascular disease 222 (2.5)
Neurological disorders 167 (1.9)
Blood disease 129 (1.5)
Renal failure 65 (0.7)
Liver disease 24 (0.3)
Tuberculosis 2 (0.0)
Cancer 27 (0.3)
HIV/AIDS 0
Pregnancy 1(0.0)

5 (1.0)

16 (3.3)

69 (14.0)

34(6.9)

33(6.7)

22 (4.5)

8 (1.6)

1(0.2)

4(0.8)

5(2.7)

12 (6.5)

47 (25.4)

18 (9.7)

25 (13.5)

14 (7.6)

5(2.7)

1(0.5)

2(L1)

2(8.0)

4 (16.0)

15 (60.0)

8 (32.0)

9 (36.0)

6 (24.0)

5 (20.0)

1(4.0)

3.2.2 Identification of risk factors for RSV and its severe outcomes

3.2.2.1 Risk factors for RSV and its severe outcomes in age group <5 years

In multivariable analysis, among SARI cases aged <5 years, the age group 0-1 year,

being female, underlying respiratory and cardiovascular disorder specific to the perinatal

period were significantly associated with an increased risk of being diagnosed with

RSV. Among RSV cases aged <5 years, underlying cardiovascular disease,

neurological disorders, blood disease and liver disease were significantly associated

with all severe outcomes of RSV disease (Table 7).
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Table 7 Multivariable logistic regression analysis of risk factors for RSV and its severe outcomes in age group <5 years (RSV cases and deceased RSV cases: week 01/2009-20/2018;

ICU admitted RSV cases and ventilated RSV cases: week 01/2013-20/2018 original sentinel hospitals, week 01/2015-20/2018 additional sentinel hospitals) [23]

RSV case ICU admitted RSV case Ventilated RSV case Deceased RSV case

OR 95%-ClI OR 95%-CI OR 95%-ClI OR 95%-ClI
Age group

20.29 18.37-22.41 2.39 1.45-3.94 0.28 0.03-2.29
0-5 months
6 months-1 year 4.59 4.16-5.06 0.87 0.52-1.48 0.63 0.10-4.21
2-4 years (reference group) 1 1 1
Gender
Male 0.85 0.80-0.89
Female (reference group) 1
Season
2009/10 0.38 0.31-0.45
2010/11 0.93 0.82-1.07
2011/12 0.90 0.79-1.02
2012/13 1.26 1.12-1.41
2013/14 (reference group) 1
2014/15 1.58 1.42-1.74
2015/16 1.14 1.03-1.26
2016/17 2.06 1.88-2.27
2017/18 1.78 1.61-1.97
Medical condition
Low birth weight (1000-2499 1.18 0.72-1.93 6.77 1.28-35.71 6.44 1.56-26.55
grams)
Preterm newborn (28-37 weeks) 1.43 0.92-2.24 6.71 2.19-20.61 3.91 1.20-12.81
Respiratory and cardiovascular
disorder specific to the perinatal 1.32 1.11-1.57 4.97 3.36-7.34 8.82 5.23-14.89
period
Congenital malformation of the 0.69 0.56-0.85 3.65 1.90-7.02 3.85 1.63-9.13 2.54 0.26-24.78
heart
Congenital malformation of the 0.38 0.26-0.58 3.50 1.10-11.18 1.87 0.46-7.68
great vessels
Congenital defect originating in 0.41 0.31-0.55 4.07 1.71-9.70 3.30 1.05-10.34 2.61 0.23-29.68

perinatal period
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Down syndrome

Cystic fibrosis
Vitamin D deficiency

Asthma

Chronic pulmonary disease
(excl. asthma and COPD)

Cardiovascular disease
Neurological disorders

Blood disease

Liver disease

Cancer

0.26

0.40

0.52

0.60

0.60

0.06-1.13

0.30-0.53

0.43-0.62

0.48-0.75

0.17-2.07

2.61

5.19

6.48

3.67

14.99

0.93-7.31

2.77-9.72

3.76-11.18

1.98-6.79

1.49-150.82

35.13

9.02

3.67

5.96

4.43

8.22

13.70

1.76-700.59

0.88-92.32

0.69-19.46

2.71-13.08

2.05-9.56

4.13-16.36

1.81-103.80

12.58

9.42

21.70

12.17

170.86

1.13-140.15

1.46-60.82

4.98-94.51

2.23-66.26

20.54-1421.11

Statistically significant results appear in bold.
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3.2.2.2 Risk factors for RSV and its severe outcomes in age group >=5 years

In multivariable analysis, among SARI cases aged >=5 years, the age group 5-64 years,
the seasons 2016/17 and 2017/18, underlying congenital defect originating in perinatal
period, cystic fibrosis, vitamin D deficiency and chronic pulmonary disease were
significantly associated with an increased risk of being diagnosed with RSV. Among RSV
cases aged >=5 years, the age group >=65 years was significantly associated with an
increased risk of death. Underlying blood disease was significantly associated with all
severe outcomes of RSV disease (Table 8).
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Table 8 Multivariable logistic regression analysis of risk factors for RSV and its severe outcomes in age group >=5 years (RSV cases and deceased RSV cases: week 01/2009-20/2018;
ICU admitted RSV cases and ventilated RSV cases: week 01/2013-20/2018 original sentinel hospitals, week 01/2015-20/2018 additional sentinel hospitals) [23]

RSV case ICU admitted RSV case Ventilated RSV case Deceased RSV case
OR 95%-ClI OR 95%-CI OR 95%-ClI OR 95%-ClI
Age group
5-64 years (reference group) 1 1
>=65 years 0.53 0.39-0.71 5.01 1.31-19.15
Season
2009/10 0.60 0.17-2.11
2010/11 1.29 0.52-3.21
2011/12 1.65 0.73-3.73
2012/13 2.74 1.38-5.45
2013/14 (reference group) 1
2014/15 2.15 1.12-4.15
2015/16 171 0.87-3.39
2016/17 4.41 2.43-7.99
2017/18 8.51 4.78-15.15
Medical condition
Congenltal d_efect originating in 3.74 119-11.76
perinatal period
Cystic fibrosis 13.40 5.83-30.78
Vitamin D deficiency 2.57 1.12-5.93
Asthma 1.73 0.96-3.12
Chronic obstructive pulmonary
disease (COPD) 0.75 0.50-1.11
Chronic pulmonary disease 2.04 1.23-3.38
(excl. asthma and COPD)
Cardiovascular disease 0.71 0.53-0.96
Blood disease 4.38 1.56-12.27 3.40 1.22-9.50 7.17 1.31-19.15
Renal failure 0.77 0.56-1.06 2.27 1.13-4.55

Statistically significant results appear in bold.
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4 Discussion

Using ICD-10-based outpatient surveillance data, age groups at high risk of RSV were
identified, seasonality of RSV in Germany was described, and could be confirmed by data
from the virological surveillance system. RSV specific ICD-10 codes had poor sensitivity
and high specificity for the identification of laboratory-confirmed RSV infections in primary
care. In young children within RSV seasons, two combinations of RSV specific and
general ALRI ICD-10 codes increased the sensitivity without decreasing the specificity
much [24]. Using ICD-10-based inpatient surveillance data, risk factors for being
diagnosed with RSV disease and severe outcomes of RSV disease were identified in
hospitalized SARI patients [23].

The described RSV epidemiology based on ICD-10 and virological data showed common
findings like the high number of RSV cases among young children, higher number of RSV
cases among young boys than young girls [24], and the strongest RSV season 2016/17
within the study period. These findings also correspond with those reported in previous
studies [3, 4].

The RSV season based on SEEDARE data began earlier than based on virological data.
Thus, the ICD-10-based outpatient syndromic surveillance may provide earlier warning
of RSV spread compared to the traditional virological surveillance [24].

In the present study, RSV specific ICD-10 codes were less sensitive for the identification
of laboratory-confirmed RSV cases. There are currently no Coding Guidelines in primary
care in Germany [25]. Laboratory diagnostic tests do not have to be performed for every
suspected RSV infection in primary care in Germany. Even if testing is performed, an
ICD-10 code diagnosis will possibly not be recoded when laboratory findings become
available after the medical consultation a few days later. Thus, suspected and also
laboratory-confirmed RSV infections may be encoded with general ARI ICD-10 codes.
RSV specific ICD-10 codes were probably more likely to be encoded for young children
during RSV seasons since RSV infection is more common in this group and during this
time period. Thus, the combination of RSV specific and the general ALRI ICD-10 codes
in children aged <5 years within RSV seasons achieved moderate sensitivities and high

specificities [24].

The majority of RSV cases were aged <5 years in the present study. Thus, risk factors

were investigated separately in two age groups <5 and >=5 years. To avoid confounding
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effects, only variables with significant association with RSV or its severe outcomes in the

univariable models were included in the multivariable models [23].

In the multivariable models for the age group <5 years, children in the first months of life
were significantly more likely to be diagnosed with RSV among SARI cases, and they
were more likely to be admitted to ICU among RSV cases. The findings are in line with
the majority of reports that young age is a risk factor for hospitalization due to RSV [3, 4,
8] and that age below 3 months contributes to the increased severity of RSV disease [26].
Even though boys when compared to girls were more likely to be diagnosed with RSV
[8], Grimwood et al. reported no association between being male and RSV [27]. In the
present study, being female was a risk factor for being diagnosed with RSV, however
gender did not play a role in developing severe outcomes of RSV disease [23]. Underlying
chronic pulmonary or cardiovascular disease was known to be a risk factor for RSV [7,
8]. In the present study, children with underlying respiratory and cardiovascular disorders
specific to the perinatal period were more likely to be diagnosed with RSV.

Low birth weight and prematurity were risk factors for ICU admission and application of
ventilator support in RSV cases in the present study. Immature immune system and
poorly developed airway of premature infants may contribute to this risk [7, 28].
Underlying congenital heart disease, congenital defect originating in perinatal period and
cystic fibrosis were risk factors for ICU admission or application of ventilator support in
RSV cases. These findings are in accordance with those reported in previous studies that
among infants, underlying congenital heart disease increases severity of hospitalized
RSV [29, 30], and RSV infection is more severe in those with underlying cystic fibrosis [7,
31]. Underlying neurological disorders, blood disease, and liver disease have been rarely
investigated as possible risk factors for RSV or its severe outcomes in the literature. In
the present study, they contributed to the severe outcomes of RSV disease among young
children [23].

In the age group >=5 years, in SARI cases, older adults were less likely to be diagnosed
with RSV, however, in RSV cases, they were more likely to die. Gender was not
associated with RSV or its severe outcomes. The results regarding vitamin D deficiency
are in agreement with findings of the previous studies that vitamin D may protect against
ALRI due to RSV [32], but vitamin D deficiency may not be associated the increased
severity of RSV [23, 33].
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This work has some limitations. My analysis was based on ICD-10 code data. The RSV
coding behavior of physicians may vary during and out of RSV seasons, based on use of
laboratory diagnostics, age of patient, and level of coding awareness. The differences in
coding behavior may lead to information bias. However, the evaluation of the accuracy of
ICD-10 codes was exactly one of the objectives of my thesis. My analysis was based on
anonymized data. According to practice-ID, age, gender, consultation date and sampling
date alone, more than half of the respiratory specimens could not be matched with
medical consultations based on SEEDARE one to one, and were excluded for the
evaluation of sensitivity and specificity of RSV specific ICD-10 codes which might lead to
selection bias [24]. Based on the hospitalization data of ICOSARI, socio-demographic
and environmental information of the cases could not be captured. Thus, underlying
medical conditions, socio-demographic and environmental factors could not be evaluated
in one model, which limited a comprehensive understanding of the risk factors for RSV
and its severe outcomes. Further, no data were available to identify any children who had
received palivizumab which would reduce the strength of association with risk factors.
RSV is also a common pathogen of ARI in older adults. The results show among those
aged >=65 years, that the proportion of RSV cases in SARI cases was lower than that
reported in literature [34]. The data suggest that in elderly SARI patients, RSV testing
might be less frequently carried out. Therefore, RSV could be underestimated in older
adults. Although the sample size of the study population and RSV cases was large, the
number of deceased RSV cases and RSV cases with some underlying medical conditions
was small which may lead to sparse data bias. However, few other studies were large
enough to look into the risk of death, whereas the approach using ICD-10-based
surveillance data, despite this limitation, allowed analysis of deceased RSV cases [23].

In summary, the described RSV epidemiology based on ICD-10 and virological data
showed similar age, gender and time distribution of RSV disease. RSV specific ICD-10
code data may provide earlier warning of RSV spread compared to virological data.
Therefore, RSV specific ICD-10 codes are appropriate for RSV surveillance. However, in
primary care, RSV specific ICD-10 code diagnosis was less sensitive, and relying on RSV
specific ICD-10 codes alone, the actual number of RSV diseases will be underestimated.
When establishing an ICD-10-based RSV surveillance system in young children in
primary care, an extended ICD-10-based RSV case definition using the general ALRI

ICD-10 codes may better capture the true RSV disease burden. Further investigations
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are required to validate the use of the combinations of ICD-10 codes in RSV surveillance

systems [24].

Using ICD-10-based hospital surveillance data allows identifying and monitoring risk
factors for being diagnosed with RSV and severe outcomes of RSV disease. The findings
will contribute to the development of a baseline of disease frequencies and burden of
diseases as well as severity of cases for planning and evaluation of the RSV vaccination
strategies and evaluation of the vaccination impact in the future, in particular on the target
groups. Further studies regarding risk factors for RSV are needed with the focus on the
underlying medical conditions showing inconsistent findings compared with the literature

with consideration of socio-demographic and environmental factors [23].
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Abstract

Background: Respiratory syncytial virus (R5V) is the most common cause of acute
lower respiratory tract infection (ALRI) in young children. ICD-10-based syndromic
surveillance can transmit data rapidly in a standardized way.

Objectives: We investigated the use of RSV-specific ICD-10 codes for RSV
surveillance.

Methods: We performed a retrospective descriptive data analysis based on exist-
ing ICC-10-based surveillance systems for ALRI in primary and secendary care and
a linked virolegical surveillance in Germany. YWe described R5V epidemiclogy and
compared the epidemiological findings based on ICD-10 and virological data. We cal-
culated sensitivity and specificity of RSV-specific ICD-10 codes and in combination
with ICD-10 codes for acute respiratery infections (ARI) for the identification of labo-
ratory-cenfirmed RSV infections.

Results: Based on the ICD-10 and virological data, epidemiology of RSV was de-
scribed, and commen findings were found. The R5V-specific ICD-10 codes had poor
sensitivity 6% (95%-Cl: 3%-12%) and high specificity ?9.8% (25%-Cl: 99.6%-99.9%). In
children <5 years and in R5V seasons, the sensitivities of R5V-specific ICD-10 codes
combined with general ALRI ICD-10 codes J18.-, J20.- and with J12.-, J18.-, J20.-,
J21.-, 122 were moderate (443%, 93%-Cl: 30%-39%). The specificities of both combi-
nations remained high (F1%, 95%-Cl: B6%-94%; P0%, 95%-Cl: B5%-94%).
Conclusions: The use of R5V-specific ICD-10 codes may be a useful indicator to de-
scribe RSV epidemiology. However, R5V-specific ICD-10 codes underestimate the
number of actual R5V infections. This can be overcome by combining R5V-specific
amd general ALRI ICD-10 codes. Further investigations are required to validate this
approach in other settings.
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epidemiology, ICD-10 code, respiratory syncytial virus, sensitivity, specificity, surveillance
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1 | INTRODUCTION

Respiratony syncytial virus (RSV) is a worldwide distributed pathogen of
acute respiratory infection (AR of all ages. In infants and young children,
RSV is the most cormmon cause of acute lower respiratory tract infection
[ALRI) and & major cause of hospital admission for ALRL. Wordwide in
2015, 21.6-5003 million R5V-azsociated ALR] epizodes occurred in children
younger tham 5 years, with about 2.7-3.8 million hospital admissions. ™

Currently, only passive immunization with palivizumab against R5V is
available for children at high risk.? In 2013, the World Health Organization
WHO) Product Development for Waccines Advisory Committee high-
lighted the development of safe and efficacious RSV vaccines for global
use. Several novel RSV vaccines have shown promising results in clinical
trials and are expected to enter the market by 2025.%° The planning of
future RSV vaccination strategies and the evaluation of RSV vaccination
impact rety on timehy RSV epidemiclogical dats and long-term observa-
tion of RSV zeasonality through RSV sunveillance systems.

International Statistical Classification of Diseases and Related
Health Problems (ICDY) diagnosis codes have been used to describe
the burden of respiratory diseases and the impact of vaccination **
ICDi-based digital syndromic surveillance iz a relatively novel surveil-
lance practice, compared to the traditional surveillance.  can not
only describe epidemniclogy of disease, but also capture and transmit
data rapidly in & standardized and sustainable way at lower costs,
and provide very early warning of potential public health threats ***

The Robert Koch Institute [RKI) established the 10th revision of ICD
(CD-10}-bazed digital syndromic surveillance systems for influenza
and other ARl in primary and secondary care in Germany [Appendix
51). In primary care, general practitioners, internists, and pediatricians
of sentinel practices report influenza and other ARI data voluntarily
through a syndromic influenza surveillance system. Thiz system has
been linked with a virological surveillance and a sentinel elactronic
data collection system based on ICD-10 codes (SEEDFR®L*® SEEDF*
was evaluated as a valid system for syndromic influenza surveillance. ™
In secondary care, an ICD-10 code-based surveillance system for se-
vere acute respiratory infections JCOSARI) has been implemented in
rooperation with a private hospital network in Germany.™*

Studies estimating validity of ICD diagnosis codes for the iden-
tification of laboratory-confirmed influenza have shown mixed
results ****1* Sg far, few studies have looked at accuracy of RSV-
specific ICD-10 diagnosis codes for the identification of true RSV
infections. To our knowledge, only Pisesky et al*® reported high sen-
sitivity [97.9%, 93%-CL 93.5%-99.2%) and specificity [¥9.6%, 95%-
CL: 98.2%-99.8%) of R5V-specific ICD-10 codes for the identification
of hospitalized RSV among children.

The aim of this study was to evaluate the use of R5V-specific
ICD-10 diagnosis codes for RSV surveillance.

2 | METHODS

‘We performed a retrospective descriptive data analysis based on the
data derived from ICD-10-based influenza and other AR surveillance

systems SEED*SF and ICOSARI, and from the virological surveil-
lance at the RKL The SEED**® system has functioned since 2007,
the virclogical surveillance since 2010, and ICOS5SARI since 2015 The
datasets of ICOSAR] for the years 2009 to 2014 were collected ret
rozpectively. The Appendix 51 provides details on the surveillance
participants, data collection methads, collected data, total number
of collected data, and study period [***, Appendix 51).

The SEED*®™® system was approwed by the German Federal
Commissioner for Data Protection and Freedom of Information, and
the ICOSAR] system by the RKI and HELIOS Kliniken GmbH data
protaction suthority. Az SEED™*® and ICOSARI invalved no interven-
tions and the analysis was based on anonymized data only, no ethi-
cal clearance was required for them. **** The virological surveillance
activities were approved by the German Federal Commissioner
for Data Protection and Freedom of Information and the Ethical
Committee of the Charité, Universititzmedizin, Berlin.

We defined a RSV-ICD-case based on SEED™®® data as & medical
consultation with any of the three RSV-specific ICD-10 code diagno-
ses (J12.1 RSV pneumonia, J20.3 acute bronchitis due to RSV, and
J21.0 acute bronchiolitis due to RSV We defined a RSV-ICD-caze
bazed on ICOSARI data & a hospitalization with any of the three RSV-
specific ICD-10 code diagnoses as primary discharge diagnosis. In the
virglogical surveillance, we defined a confirmed-R5V-case as a by real-
time reverse transcriptase polymerase chain reaction (rtRT-PCR) con-
firmed R5V sample. In each data source, a R5V season was defined as
the weeks when curmulative number of RSV-ICD-cazes or confirmed-
RSV-cases exceeded 1.2% of total RSV-ICD-cazes or confirmed-R5V-
cases. One gap week below the threshold was allowed ™

We estimated number of REV-ICD-cases and confirmed-R5WV-
cases by gender, age group (0-1, 2-4, 5-14, 15-34 3549 50-5%,
=00 years), and calendarweek based on each data source, respectively.

We identified the sentinel practices that participated in baoth
SEED""® and the virological surveillance concurrently by practice-10.
‘We matched the medical consultations of SEED*®® with virclogical
samples by practice-10), age, gender, consultation date, and sampling
date. Only one-to-one matches were included for the further data
evaluation. We calculated sensitivity of R5V-specific 1ICD-10 code
diagnosis as proportion of R5V-ICD-cases among confirmed-R5V-
cases, and specificity as proportion of non-RSV-ICD-cases among
non-confirmed-R5V-cazes of the identified practices. We calculated
sensitivity and specificity of RSV-specific 1ICD-10 code diagnosis
amang young children, in RSV seasons, and combined with different
general ARl ICD-10 codes J0&6.- acute upper respiratory infections
of multiple and unspecified sites (M08, J0&6.0, JO6.B, JD&.F), J11.-
influenza, virus not identified (J11, J11.0, 111, J11.8), 112 - wviral
pneumonia, not elsewhere classified (J12, 1128, 112.9), 118.- pneu-
mania, organism unspecified (J18, J18.0, J18.8, J18.9), J20.- acute
bronchitis (120, J20.8, 120.9), J21.- acute bronchiolitis (J21, J21.8,
121.9), 122 unspecified ALRI, and B34.% unspecified viral infection,
respectively.® The sensitivities and specificities were calculated with
95% confidence imterval (73%-Cl). Additionally, we compared R5V-
ICD-cases with confirmed-R5V-cases of the identified practices by
calendar week.
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analysis.

3 | RESULTS

3.1 | Primary care

3.1.1 | Descriptive analysis of RSV-1CD-cases basad
on SEED** data

Atotal of 1165 RSV-ICD-cases were identified from the SEED*R® da-
tabase from week 40/2007-13/2017. Among those, 338 (29%) were
diagnosed with J121, 432 (37%) with J20.5, and 395 [24%) with
121.0. The proportion of REV-ICD-cases among all ARIHICD-cases
was 0L1%.

About two-thirds [(765; 66%) of R5V-ICD-cases were children
aged <2 years. The number of REV-ICD-cases declined rapidly from
2 years of age and remained at a constantly low level from 3 years
of age onwards. Under 2 years of age, the number of R5V-ICD-cases
was higher in boys (423) than in girls (339; Figure 1)

The cumulative number (B8] of the RSV-ICD-cases within the
obzerved 10-year period peaked in the Bth calendar week, and

REV+ rate

FIGURE 2 R35V-positive rate by age
group and gender based on virological
surveillance, week 40,/2010-18/2017
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the proportion (0.3%) of R5V-1CD-cases among all ARI-ICD-cases
peaked in the Znd calendar week. The RSV zeazon on average
was from 41st to 16th calendar week with the season length of
28 weeks. Within the RSV seasons, 92% [1073) RSV-ICD-cases
were captured.

3.1.2 | Descriptive analysis of confirmed-R5V-cases
based on virological surveillance data

From week 40/2010-18/2017, 1785 (8%) respiratory specimens of
ARI or influenza-like illness [IL) patients were RSV positive.

The highest RSV positive rate (25%; 6579) was among children
aged «2 years. The R5V positive rate decreased from 2 years of age,
reached the lowest level in the age group 15-34 years (2%; 98], then
increased slightly again, and reached &% (143) at the age of 60 years
and older. Under 2 years of age, the R5V-positive rate was higher
among boys (25%; 378) than girls (24%; 270; Figure 2).

The cumulative number (143) of confirmed-R5V-cazes peaked in
the 4th calendar week, and the R5V positive rate [18%) peaked in
the 52nd calendar week. The RSV seazon on average was from 48th
to 15th calendar week with the seazon length of 20 weeks. Within
the RSV seasons, 4% (1671) confirmed- R5V-cases were captured.

24 years 514 years G0+ years

1534 years ITAG wpars
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5059 years
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3.2 | Integration of RSV data of practices
participated in SEED®F® and virological surveillance

Forty-eight sentinel practices participated in both SEED®®® and the
virological surveillance from week 40/2010-13/2017. In total, 3389
respiratory specimens of the 48 practices were tested for RSW.
Of those, 400 (73%) were RSV positive, and 2624 [47%) could be
matchied with the medical consultations based on SEEC**F one to
one (Figure 3L

Creerall, the sensitivity of RSW-zpecific ICD-10 code diagnosis
was &% [P3%-Ck 3%-12%), and the specificity was 99.8% (95%-CL
99.6%-99.9%) The sensitivity (16%, 95%-Cl: 7%-29%) increased
among children aged <5 years and during the R5V seasons based
on the virological data (48th-15th calendar week), and the spedi-
ficity (99.5%, 93-Cl: 97.5%-92.9%) remained high. In children aged
<3 years and in RSV szeasons, the sensitivities of RSV-specific
ICD-10 codes combined with general ALRI ICD-10 codes J18.-, J20.-,
and with J12.-, J18.-, J20.-, J21.-, J22 both reached 44% (93%-Cl:
30%-59%), and the specificities of the two combinations were still at
a high level (71%, 93%-Cl: B&%-94%; 90%, 75%-Cl: 83%-74%) The
sensitivity of RSV-specific 1ICD-10 codes combined with all general
ARIICD-10 codes was P0% [$5%-Cl: 7TB%-97%), whereas the spedi-
ficity was 16% (93%-Cl: 11%-21%; Table 1).

Figures 4 and 5 indicate number and proportion of RSV-ICD-
cases based on the SEED™®® and confirmed-R5V-cases based on the
virological surveillance in the 48 practices by calendar week, respec-
tively. The trends of the curves were similar.

3.3 | Secondary care
3.31 | Descriptive analysis of RSV-ICD-cases based
on ICOSARI data

Among 1 417 700 respiratory disease, hospitalizations from week
01/2009-15/2017, 7345 (0.5%) were hospitalizations with any of

the RSW-zpecific ICD-10 codes as primary or secondary discharge
diagnosis, and 3154 (0.2%) as admission diagnosis. Of the 7345 RSV
hospitalizations, 6918 (94%) were with R5V-specific ICD-10 codes
a5 primary discharge diagnosis. Of the three R5V-specific ICD-10
codes, J21.0 was most frequently diagnosed as primary dizcharge
[2703; 39%) and also admission diagnosis [167%; 53%).

OFf the 6918 RSV-ICD-cases, 3% (6415) were children aged
<2 years. The number of RSV-ICD-cazes declined rapidly from
2 years of age. From 3 years of age, only a few RSV-ICD-cases were
identified in each age group. In the age group 60 years and older, the
nummber [32) of R5V-ICD-cases rose slightly. Under 2 years of age,
number of R5V-ICD-cases was higher among bays (3623) than girls
[2792; Figure &)

The cumulative number [335) of RSV-ICD-cases peaked in the
Sth calendar week, and the proportion (2.1%) peaked in the 52nd
calendar week. The RSV season on average was from 48th to 14th
calendar week with the season length of 21 weeks. Within the RSV
seasons, 73% (6444) RSV-ICD-cases were captured.

4 | DISCUSSION

Uzing ICD-10-based surveillance, we identified age groups under
high risk of RSV, and successfully described general trends and sea-
sonality of R5V in primary and secondary care in Germany, as con-
firmed by data from the virological surveillance system. In primary
care, R5V-specific ICD-10 codes had poor sensitivity and high speci-
ficity for the identification of labaratory-confirmed RSV infections.
In young children, two combinations of RSV-specific ICD-10 codes
with general ALRI ICD-10 codes increased the sensitivity without
decreasing the specificity much.

The described RSV epidemiology based on ICD-10 code and vi-
rological data showed many common findings. Ezpecially, high num-
ber of RSV cases among young children, and higher number of RSV
cases among young boys than young girls were found in 1C0-10 and

—_ = v'rningr:u"__ _"‘--\._\_\_
SEED .
193 practices, ’:{f’“h’m’?
k 40,/2007-13/201 ’
e WeSKABR00TAANT ™ L ek 40/2010-18/2007

=34 WEHDI:_-H""\-.
participsied in both
SEED amd viralogical
Asurvellasce, waek
- A 010-13/ 201

SEED

410 117
madical corsultations

surveillance 5589
rREprAtnTy spacimens

Virological

vested for RSY

FIGURE 3 Integration of RSV data of
practices participated in both SEED*=F
and virological surveillance, week
40/2010-13/2017
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TABLE 1 Sensitivities and specificities of RSV-specific ICD-10
code diagnosis combined with different general ARIICD-10 codes
of the practices participated in both SEED**® and virological
surveillance, week 40/2010-13/2017

Sensitivi Specific
W O % F5%-C1
RSV codes™ & 312 908 PR6-999
«2 y of age
RSV codes ] 222 994 954999
<3y of age
RSV codes 14 526 996 98-99.9
In RSV seasons®
RSV codes 7 312 9B 9R5-999
«5 y of age and in RSV seasons
RSV codes 14 729 P05 PE-7R.5
RSV codes + J06.-F 43 3443 a2 35-68
RSV codes + J11.-° a0 18-43 73 &8-80
RSV codes + J12-* 16 729 2.5 98-99.9
RSV codes + J18.- 30 18-43 28 93-79
RSV codes + 1205 30 18-45 o2 B8-95
RSV codes + J21-" 14 729 985 98-99.%
RSV codes + 122 16 29 o9 Gre99
RSV codes + B24.9 23 16-42 80 74-83
RSV codes + J18.- J20- 44 30-59 71 B&-94
RSV codes+ 18- 120, 58 41-70 72 &5-77
B349
RSV codes+ 111 J18-, &2 4775 48 42-33
J20-, B349
RSV oodes+J12- 18- 44 3059 B5-94
J20-, 021 122
RSV codes + all general 20 7897 11-1
ARl codes’

"R5V codes: RSW-specific 1CD-10 codes J12.1, 12005, J21.0.

*RSV seasor: 48th-15th calendar week.

=)0G.~ 106, J06.0, M08, 069

=11~ 011 10 111, 118,

"J12.-)12, 1128 )12 %

718 - M8, 1180, H3.8 1B 9.

®120.-: J20, J20.8, J20.9.

R21- 021, 10218 019

‘Al general AR codes: M6, J06.0, J046.8, J06.9, J11, J11.0, J11.1, J11.8,
J12 128, )12.9 J18, J18.0, J18.8, 1189 J20, 120.8, 1209, 121 121 8,
J21% 122 B349

also in viralogical data sources. These findings are also in accordance
with those reported in the literatura >>*%2*

Im the present study, the proportion of young children among all
R5SV-ICD-cases was higher in secondary care based on ICO5ARI than
in primary care based on SEED*®® data. This is in agreement with
the clinical observation that RSV infection i normally more serious
in young children and is a major cause of hospital admission in this
group.* Branchiolitiz is a very severe manifestation of RSV dizease
mainly affecting young children, whereas bronchitis is more common

W[I.I—IYJ—E

in older children and adults.**** OF the three RSV-specific ICD-10
codes, J21.0 (acute bronchiolitiz due to R5V) was most frequently
diagnosed in secondary care based on ICOSARI and J20.5 (acute
bronichitis due to RSW) in primary care based on SEEDA®E,

Bazed on the three data sources, the RSV season onset ranged
from mid-October to end-Movember, the season offset was in
mid-April, and the peak of zeason ranged from end-lanuary to
mid-February in Germany. The R5V season length ranged from 20
to 28 weeks. The RSV seasons captured most of the RSV cases.
RSV zeason onset, offset, peak week, and season length bazed on
ICOSARI and virological surveillance were similar. Based on SEED®=
outpatient surveillance, the seazon began earlier. The outpatient
syndromic surveillance may provide earlier warning of RS spread
compared to the ICO5AR] inpatient syndromic surveillance and the
traditional virological surveillance. The RSV seasonality based on
present study comrelates well with the [iterature that the peak of RSV
season iz in winter months in Germany and areas with similar climate
in the northern hemisphere.*** The median length of RSV seasons
in the present study was longer than the median length of RSV sea-
sons in the 15 European countries.

The similar R5V seasonality based on ICD-10 data in secondary
care and virelogical data in primary care, and the simibr RSV trends
based on ICD-10 and virological data of the practices participated
in both SEEC*** and virclogical surveillance indicated that the RS-
specific ICD-10 code data reflected the true temporal distribution of
RSV infection.

‘We found that R5V-specific ICD-10 codes were less sensitive
and highly specific for the identification of laboratory-confirmed
RSV infections in primary care. Low sensitivity of the ICD-10 codes
was also reported for influenza**** In Germany, laboratory diagnos-
tic tests are not always performed for suspected RSV infections in
primary care. Even if testing is performed, an ICD-10 code diagno-
sis will probably no longer be recoded when laboratory findings are
only available in the practice a few days later after the medical con-
sultation. Therefore, suspected and also laboratory-confirmed RSV
infectionz may be encoded with general ARI ICD-10 codes. These
could be the reasons why most of the laboratory-confirmed RSV
cases were not encoded with R5W-specific 1CD-10 codes in the sen-
tinel practices which participated in both the SEED®™® and virologi-
cal surveillance in the present study. In preparation for the present
study, the RKI performed a survey to explore RSV coding behavior
in primary care in Germany. The results of the survey are in line with
the explanations abowve (unpublizhed data).

Im children aged <3 years and in R5V seasons, the sensitivity of
REW-zpecific ICD-10 codes grew more than twofold, and the speci-
ficity remained high. Physicians were probably maore likely to encode
with R5V-zpecific 1CD-10 codes for young children and in RSV sea-
sons since RSV is more common in this group and during this time
period. In the present study, we tried estimating the sensitivities and
specificities of R5V-specific ICD-10 codes combined with different
general ARl ICD-10 codes. RSW-zpecific 1CD-10 codes combinad
with two groups of general ALRI ICD-10 codes achieved moderate
sensitives and high specificities. The high sensitivity of R5V-specific
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ICD-10 codes combined with all general ARI ICD-10 codes suggests
that in addition to R5V-specific ICD-10 codes, most laboratory-con-
firmed RSV infections were diagnosed with general ARI ICD-10
codes. Thus, the misclassification related to inaccurate labeling of
RSV infectioms with other dizease- or pathogen-specific 1CD-10
codes was uncommaon in the present study.

The present study has some limitations. The sensitivity and
specificity of R5W-specific ICD-10 code diagnoses in secondary
care could not be evaluated on a casze by case basis since virclog-
ical data of the ICO5SAR] network were not available for the pres-
ent study. However, in the ICO5SARI network, suspected RSV cases
in young children were tested by rapid antigen detection tests and
rtRT-PCR, and laboratory-confirmed RSV infections were encoded
with RSV-specific ICD-10 codes. Although whether the testing and
coding took place in a 100% freguency is not verified, these have
been as a standard procedure in the pediatric units and the coding
guality could have increased in recent years (personal communica-
tion). In addition, high validity has been reported in the literature for
RSW-specific ICD-10 codes for the identification of hospitalized RSV
amang children.'®

The R5V coding behavior of physicians in primary care may vary
during and out of RSV season, based on use of laboratory diagmos-
tics, age of patient, and level of coding awareness. The differences
in coding behavior may lead to information bias. The number of
confirmed-R5V-cases and RSV-ICD-cases increased slightly among
older adults bazed on virological as well as ICO5ARI data, and it re-
mained at a low level based on SEED**E. The RSV infection normally
goes unrecognized with milder symptoms among adults; however, it
is a common pathogen of ARI in older adults and can lead to severe
disease. ***® Therefore, the RSV infections were probably underes-
timated among older adults in SEED*"®. This could be anather lim-
itation. However, the evaluation of the accuracy of ICD-10 codes
was exactly the objective of the present study due to the potential
infarmation bias.

The present study was based on anonymized data. According to
practice-10, age, gender, consultation date, and sampling date alone,
mare than half of the virological zamples could not be matched to
medical consultations one to one and were excluded for the evalua-
tion of sensitivity and specificity of R5V-specific [CD-10 codes which
might lead to selection bias. However, the probability of the selection
bizs was low since no conspicuous deviations were found between
the matched and the excluded virological data [data not shown).

5 | CONCLUSIONS

The use of RSV-specific ICD-10 code data may be a useful indi-
cator to identify age groups under high risk of RSV, to monitor
general trends, and to observe seasonality of RSV, The RSV epi-
demioclogy based on ICD-10 code data from different data sources
and virological data showed similar age and sex distribution, per-
cent positivity, and seasonality patterns. Therefore, RSV-specific
ICD-10 codes are appropriate for RSV surveillance. However, in

W[I.I—IYJ—?

primary care, R5V-zpecific ICD-10 code diagnosis was less sensi-
tive, and relying on R5V-specific ICD-10 codes alone will underes-
timate the actual number of RSV infections. RSV-specific 1CD-10
codes combined with the general ALRI ICD-10 codes J18.-, 120-,
and with 112~ J18.- J20.-, 121 -, 122 achieved moderate sensitives
and high specificities, respectively. Thus, when establizhing an
1CD-10-based digital RSV surveillance system in young children,
an extended ICD-10-based R5V case definition using the two com-
binations of ICD-10 codes seems to better capture the true RSV
disease burden. Further investigations are required to validate the
use of the two combinations of ICD-10 codes in RSV surveillance
systems in other countries as the RSV coding behavior may differ
in different countries, to find out an even better combination of
ICD-10 codes for the identification of R5V infections in primary
care, and to evaluate the use of R5V-specific ICD-10 codes in sec-
ondary care.
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Abstract

Intreduction: Respiratory syncytial virus (RSV) is a major cause of hospital admission
for acute lower respiratory tract infection in young children.

Objectives: We aimed to identify risk factors for hospitalized RSV disease and its
severe outcomes.

Methods: We conducted a retrospective cohort study analyzing data of a ICD-10-
code-bazed hospital surveillance for severe acute respiratory infections (SARI). Uszing
univariable amd multivariable logistic regression analysis, we assessed age-group.
gender, season, and underlying medical conditions as possible risk factors for RSV
and its severe cutcomes including ICU admission, application of ventilator support.
and death, respectively.

Results: Of the 413 552 patients hospitalized with SARI in the database, 8761 were
diagnosed with RSV from week 01/2009 to 20/2018 with $7% (8521) aged <5 years.
Among children aged <3 years, age-groups 0-3 months {OR: 20.29, 95% Cl: 18.37-
22.41) and & months-1 year (OR: 4.5%, $5% Cl: 4.15-5.06), and underlying respiratory
and cardiovascular disorders specific to the perinatal peried (OR: 1.32, 5% CI: 1.11-
1.57) were risk factors for being diagnosed with R5V. Age-group 0-5 months (OR:
2,39, 93% CI: 1.45-3.94), low birth weight (OR: 677, 95% CI: 1.28-35.71), preterm
newborn {OR: 6.71, 5% Cl: 2.19-20.51), underlying respiratory and cardiovascular
disorders specific to the perinatal period (OR: 497, 95% Cl: 3.35-7.34), congenital
malformaticn of the heart (OR: 3.45, 95% Cl: 1.90-7.02), congenital malformation of
the great vessels (OR: 3.50, $5% CI: 1.10-11 18), congenital defect originating in peri-
natal period (OR: 4.07, 5% Cl: 1.71-9.70), cardiovascular disease (OR: 5.19, 95% CI:
2.77-9.72), neurclogical disorders (OR: .48, 5% Cl: 2.75-11.18), blood disease (OR:
3.47, 95% Cl: 1.98-6.7%). and liver disease (OR: 14.99, $5% CI: 1.49-150.82) contrib-
uted to ICU admission in RSV cases.

Conclusions: Using ICD-10-based surveillance data allows to identify risk factors for
hospitalized RSV disease and its severe outcomes, and guantify the risk in different

age-groups.
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1 | INTRODUCTIOMN 1.1 | Methods

Respiratory syncytial virus (R5V) is a worldwide distributed patho-
gen of acute respiratory infection (ARI) of all ages. In infants and
young children, RSV iz the most common cause of acute lower respi-
ratory tract infection (ALRI) and a major cause of hospital admiszion
for ALRL Worldwide, about 33 million R5V-associated ALRI epizodes
occurred in children younger than 5 years, and about 3 million were
severe enough to necessitate hospital admission in 2015 RSV has
been found to be an important cause of viral infection reguiring pe-
diatric intensive care unit (ICU) admizsion and ventilator support, as
well a5 a frequent course of death in young children **

Currently, there are no licensed vaccines against RSV; only
passive immunization with palivizumab is available for young chil-
dren at high rizk.® In 2013, the World Health Organization Product
Development for Vaccines Advisory Committee highlighted the
development of RSV waccines. Several nowvel RSV waccines and
lomg-acting monoclonal antibadies have shown promising results in
clinical trials and are expected to enter the market in a short-medium
ten.n_B..T

Risk groups of severe RSV will benefit most from the RSV immu-
nization once RSV waccines become available. So far, some studies
indicated that besides some socic-demographic and environmental
factors including being male, household crowding, and passive smok-
ing, underlying medical conditions such as prematurity, congenital
heart disease, and chronic pulmonary and cardiovascular diseases
were associated with RSV dizease.*" Furthermore, certain under-
lying medical conditions predizpose young children to severe RSV
diseasa™* which is likely to result in ICU admizsion with ventilator
support and a higher risk of death.** Howewer, to our knowledge, the
rizk of underlying medical conditions has not been assessed compre-
hensively with respect to risk for R5V and its severe outcomes, and
studies have shown inconsistent results for some underlying medical
conditions.”

The development of RSV vaccination strategies and the evalu-
ation of the effects of RSV vaccination in the future rely on timely
epidemiological data and long-term observation of epidemiological
situation of severe RSV and risk factors for severe RSV through
national and other large-scale RSV surveillance zystems. The
Robert Koch Institute (RKI) established an International Statistical
Classification of Diseases, 10th revision [ICD-10}-code-based sur-
veillance systemn for severe ARl [ICOSARI) in cooperation with a
private hospital network in Germany in 2013, Data of respiratory
hospitalizations have been collected through the ICOSARL

The aim of the present study was to identify risk factors, in par-
ticular underlying medical conditions as risk factors, for hospitalized
RSV dizease and its severe outcomes based on the |CD-10-code-
based surveillance data.

‘We performed a retrospective cohort study based on secondary
data analysis of the ICOSARI database. The hospital network of
ICO5ARI includes 45 original sentinel hospitals, and additional
42 hospitals joined the hospital metwork after 2013, In 2015,
84 zentinel hospitals of ICO5ARI located in 13 of the 16 federal
states of Germany, covered 4.3% hospitals, and accounted for
5.9% of hospitalized patients in Germany. Since 2015, digital data
of hospitalizations with any of respiratory |CD-10 code (chapter
¥: JO0-J%9)** as primary or secondary discharge diagnosiz have
been collected prospectively and updated weekly. For retrospec-
tive analysis, ICD-10 datasets of ICOSARI for the years 2009 to
2014 were collected. The collected data contain information on
age, gender, admission and discharge date, primary and all second-
ary ICD-10 code discharge diagnoses, length of hospital and ICU
stay [in days), length of ventilation {in hours), and discharge mode.
Further detailed description of the ICOS5SARI methodology was
published elsewhere**

The ICOSARI system was approved by the RKl and HEUIOS
Kliniken GmbH data protection authorities. As ICOSAR] involved no
interventions and the analysis was based on anonymized data only,
no ethical clearance was required for this study.™®

Wi uzed the following caze definitions:

* Severe ARI [SARI) case: any patient hospitalized with any of the
ARI 1CD-10 codes JO9-J22 (JOP-J11: influenza, J12-J1E: pneumo-
nia, J20: acute bronchitiz, 121: acute bronchiofitis, J22: unspec-
ified acute lower respiratory infection) as primary or secondary
discharge diagmosis***"; If a patient was readmitted to hospital,
the patient would be counted again.

* R5V case: 3ARI case diagnosed with any of the REV-specific ICD-
10 codes (J12.1: R5V prneumonia, J20.5: acute bronchitis due to
RSV, 121 1k acute bronchiolitis due to RSV) as primary or second-
ary discharge diagnosis.*®

# |CU-admitted R5V case: R5V case ever admitted to an ICU during

the hospital stay.

Ventilated R5V case: |ICU-admitted R5V case ever reguired venti-

lator support during the hospital stay.

Deceased RSV case: RSV case died in hospital.

ICU admission, application of ventilator support, and death
were considered markers of severe outcomes of hospitalized RSV
dizease.

Due to the possible inconsistent recording practices on ICU ad-
mission and application of ventilator suppart in the sentinel hospitals
[personal communication), data on ICU admission and application of
wventilator support from the original sentinel hospitals before 2013
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and from the additional sentinel hospitals before 2013 were ex-
cluded from our data evaluation.

The underlying medical conditions evaluated in our study were
neonatal disorders [dizorder of newbom related to slow fetal growth
and fetal malnutrition], extremely low birth weight (<1000 g), low birth
weight (1000-2499 g), extreme immaturity of newborn (<28 weeks),
preterm newborn (28-37 weeks), respiratory and cardiovascular dis-
order specific to the perinatal period [eg, intrauterine hypoxia, birth
asphyxia, respiratory distress of newborn, congenital pneumonia,
neonatal aspiration syndromes, interstitial emphysema, pulmanary
hemorrhage), congenital disorders (congenital malformation of the
heart, congenital malformation of the great vessels, congenital defect
originating i perinatal period, Down syndrome, sickle-cell disorder,
cystic fibrosis), other comorbidities (vitamin D deficiency, asthma,
chronic obstructive pulmonary dizease (COPD), chronic pulmanary
disease {excl. asthma and COPD), diabetes, cardiovascular dizease,
neurological disorders, blood dizease (=g, nutritional anemias, coag-
ulation defects, purpura, and other hemorrhagic conditions], renal
failure, liver dizease, tuberculosis, cancer, HIWV/AIDS), and pregnancy.
The underlying medical conditions could be primary or secondary
discharge diagnoses. The specific ICD-10 codes of the medical condi-
tions chosen for our data evaluation are listed in Table 1, which wers
adapted from the Elixhauzer and Fleming Comorbidity Indices.**™

For descriptive data analysis, we described the number of total
RSV cases, ICU-admitted RSV cases, ventilated R3V cases, and
deceased RSV cases by age-group (0-5 months, & months-1 year,
2-4 years, 3-64 years, 243 years), gender, calendar week, and under-
lying medical condition, respectively. The mean and median length
of hospital stay, ICU stay and ventilation, and dizcharge mode were
investigated, respectively.

We cammied out univariable and multivariable logistic regression
analyses to assess age-group, gender, season, and underlying medi-
cal conditions as possible risk factors for being diagnosed with RSV
among SAR| cases, for ICU admission, application of ventilator sup-
port, and death among RSV cases, respectively. The univariable and
multivariable logistic regression analyses were stratified in two age-
groups <3 years and =5 years. Underlying neonatal disorders were only
evaluated &= possible risk factors in the age-group <5 years. Mormally,
relative risk (RR) should be calculated to measure the association be-
‘twean the exposure and the outcome in a cohort study. However, the
odds ratios (OR) provides a reasonable approximation of the RR i the
outcome is rare and oocurs in less than 10% of the unexposed popu-
lation.** Our data met this condition that RSV cases were rare among
SARI cases and RSV cazes with different severs outcomes were rare
among total RSV cases. Therefore, the ORs could be interpreted as RRs
in our cohart study. ORs were calculated and presented with 93% con-
fidence interval [93% CI). Two-sided tests were applied. A P value of
<03 was considered statistically significant. Oinly variables indicating
significant associatons with RSV or any markers of severe outcomes of
RSV in univariable logistic regression models were kept in multivariable
logistic regression models, respectively.

We used Stata (version 13) and Microsoft Excel 2010 for the data
analyzes.

2 | RESULTS

21 | Study population (SARI cases)

A total of 413 552 SARI cases were identified from week 01,2009
to 20/2018. Mare than half (232 340, 36%) of them were male, and
G4% (263 133) were 245 years old [Figures 1 and 2; Table 2). Of the
SARI cases, 46% (188 948) received ARI (J09-J22) as primary dis-
charge diagnosis.

2.2 | RSV cases

A total of B7S61 (2%) RSV cases wera identified. More than half
(4955, 57H) of them were male. Most R5V cases were children
aged <3 years [B321, 97%). The mean and median length of hos-
pital stay were & and 5 days, respectively. Mast (8599, 78%) RSV
cazes were discharged home, 2% [134) transferred to other facili-
ties, and 0.3% (25) died in hozpital. Of the RSV cases, B228 (94%)
received R5V-specific ICD-10 codes as primary discharge diagno-
sis (J12.1- 2993, 36%; J20.5: 2089, 23%; J21.0- 3144, 38%). Of the
total RSY cases, 6773 were from the original sentinel hozpitals
after 2013 or from the additional sentinel hospitals after 2015
[Figures 1 and 2; Tables 2 and 3).

2.3 | ICU-admitted RSV cases

Of the total RSV cases, 492 [7%) ICU-admitted RSY cases were iden-
tified. More than half (262, 53%)] of them were male, and B9% (438)
ware aged <3 years. The mean and median length of ICU stay were
9 and 3 days, respectively. During the ICU stay, 38% (183) required
ventilator support. Mast (449, 21%) ICU-admitted R5V cases were
dizcharged home, 6% (28) transfemred to other facilities, and 3% [15)
died in hospital (Figure 2; Table 3).

24 | ventilated RSV cases

Of the 185 ventilated RSV cazes, more than half [101, 55%) were
male, and 81% (149) were aged <5 years. The mean and median
wentilation length were 211 and 112 hours, respectively. Mast
[132, 82%) ventilated RSV cases were discharged home, 10%
[1B) transferred to other facilities, and B% (15} died in hozpital
[Figure 2; Table 3.

2.5 | Deceased RSV cases
Of the 25 deceased R5V cazes, more than half (14, 64%) were fe-
male, and nearly half (12, 48%) were 265 years old (Table 3). The

mean and median length of hospital stay were 27 and 10 days,
respectively.
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TAEBLE 1 ICD-10 codes of underlying medical conditions TABLE 1 (Continued)
[adapted from Elixhauser and Fleming Comorbidity Indices) .
Medical condition ICD-10 code:
Medical condition 1CD-10 code Cancer C00-C26, C30-C34, CI7-C41, €43,
Dizorder of newbornrelated  POS- C45-C58, CH0-CB5, CBA, C74,
to slow fetal growth and CP0.0, C20.2, C97
fatal malnutrition HIV/AIDS B20-B22 B
Exctremety kow birth weight PO7.O- Pregrancy OO0-055
(<1000 g
Lows birth weight POT1-
(1000-2499 g}
Extreme immaturity of PO7.2 2.6 | RSV cases by calendar week
newbomn (<28 weeks)
Pg;; "‘:ﬂ;’m P73 An gverview of the number of total RSV cases and RSV cases with
-_ W p— B = severe outcomes by calendar week is shown from week 01/2015
cardi lar di to 20,2018, During the study period, the most severe season was
cpecific to the perinatal 2016417 (Figure 3).
period
Congenital malformation of  Q20-024
the heart 27 | RSV cases with underlying medical conditions
Congenital malformation of Q23026
the great vessals The propartion of total RSV cases with different underlying medical
Congenital defect 002, Q30-, Q32-037, Qa4 Qa0-, conditions varied from 0% to 3.5%. Respiratory and cardiovascular

originating in perinatal
period
Do syndrome
Sickle-cell disorder
Cystic fibrosis
Witamin D deficiency
Asthma

Chironic obstructive
pulmonary disease [COPD)

Chironic pulmanary disease
(excl. asthma and COPD)

Diabetes
Cardiovascular disease

Meurological disorders

Blood disease

Renal failure

Liver disease

Tuberculasis

Qél-, P70.0, P7OL, PTO2, PTEE

OF0.-
D57-
E84-
E35-
Ja5-, Js
JrEm

1278, 1279, 140-143, J47, 160-157,
14684, 1701, 703

El0-E14

AS52.0,105-108, 1021, 102.8, 102.9,
110, 111, 113, 113, 125.5, 126, 127,
128.0, 128.8, I2B.9, 134139, |42.0,
425, H2% K13, 1441144 3. 145.5,

1459, 47150, P29.0, Q23.0-Q23.3,

ROO.0, ROO1, ROCLB, TB2 1, 745.0,
I95.0,795.2, 7954

G10-G13, G20, G22, G25.4, G25.5,
G31.2, G31.6, G31.7, G3Z, G353-
G37, G40, 641, GRA1 GFi4
R47.0, R3&

D50.0, D50u8, D505, D51-053,
Da3-D6E, De1, D6%.3-DE9.0

1120, 1131, N18, N1%, M25, Z49.0,
7482 7940, 7992

B1E, IB5, 184, 198, K70, K711,
KFL3, K713, K7L7 K72 K74,
K76.0, K762, K769, 7944

A15-A19

(Continues)

dizorder specific to the perinatal period (282, 3.5%) and cardiovas-
cular dizease (222, 2.5%) were the most common underlying medi-
cal conditions. They both were also the most common underlying
medical conditions in the |CU-admitted (50, 12.7%:; 69, 14.0%) and
ventilated RSV cases (35, 19.0%; 47, 25.4%). Cardiovascular dizease
[15, &0.0%) and blood dizease (%, 356.0%) were the most common un-
derlying medical conditions in deceased RSV cases. RSV cases with
underlying sickle-cell dizorder (2], tuberculosis (2), and pregnant RSV
cases (1; 28 years of age) were rare. Mo RSV case was diagnosed with
HIVFAIDS (Table 4)

2.8 | Univariable analyses of risk factors for
RSV and its severe outcomes

Im the age-group <5 years, the age-groups 0-5 months and
& months-1 year (reference group: 2-4 years); being female; the sea-
sons 2012713, 2014715, 2016/17, and 2017718 (reference season:
2013/14); and underlying low birth weight, preterm newborn, and
respiratory and cardiovascular disorder specific to the perinatal
period were significantly associated with an increased risk of being
diagnosed with R5V among SARI cases. Underlying congenital mal-
formation of the heart and great vessels, congenital defect originat-
ing in perinatal period, cystic fibrosis, asthma, neuralogical disorders,
blood disease, and cancer were significantly associated with a lower
rizk of being diagnosed with R5V. Age-group 0-5 months was signifi-
cantly associated with ICU admission, whereas age-group 2-4 years
was significantly associated with death among RSV cases. Gender
and season were not associated with any severe outcomes of RSV,
Maost underlying medical conditions were significantly associated
with zevere outcomeas of RSV
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In the age-group =3 years, the age-group 5-84 years; the sea-
sons 201213, 201415, 201617, and 2017/18; and underlying
congenital defect originating in perinatal period, cystic fibrosis, vi-
tamin D deficiency, asthma, and chronic pulmonary disease were
significantly associated with an imcreased risk of being diagnosed
with RSV among SARl cases. Underlying COPD, cardiovascu-
lar dizease, and renal failure were significantly associated with a
lower risk of being diagnosed with R5V. The age-group =45 years
was associated with death among RSV cases. Gender and seazon
were not associated with any severe outcomes of RSV, Some med-
ical conditions were significantly aszociated with severe outcomes
of RSV

2.9 | Multivariable analyses of risk factors for RSV
in age-group <5 years

Amang SARI cazes aged <3 years, the age-groups 0-3 months [OR:
20.29, 95% Cl: 18.37-22.41) and & months-1 year (OR: 4.5%, 75% CI:
4.16-5.08) being female (male: OR: 0.83, 95% Cl- 0.B0-0.89); the
seasons 2012/13 (OR: 1.26, 5% Cl- 1.12-1.41), 2014/15 (OR- 1.58,
95% Cl: 1.42-1.74), 2015718 [OR: 1.14, 95% Cl: 1.03-1.24), 20146/17
[OR: 2.0, 95% CL 1.88-2.27), and 2017/18 (OR: 1.78, 93% CI:
1.61-1.97); and underlying respiratory and cardiovascular disorder
specific to the perinatal period (OR: 1.32, 3% CI: 1.11-1.57) were
significantly associated with an increased risk of being diagnosed

S~

-

~

SARI cases (n =413,552;
week 01/2009-20/2018)

RSV casas [n = 8761;
week 01,/ 2008-20/2018)

RSV cases(n = B773;
wipek 01F2003-20/2018 ariginal
sentinel s and wesk

017201520/ 2018 additional
sentinal hespitals) _/l

FIGURE 2 Mumber of SARI cases, RSV
cases, [CU-admitted RSV cases, ventilated
RSV cases, and deceased RSV cases ever

ICU-admitted RSV cases (n = 432)

N

Ventilated RSV cases |n = 185

Taveased R
comaa = 15

required ventilator support in ICU
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TABLE 2 Mumber of SARI and R5V cases and proportion of RSV
cases in 5AR] cases by age-group, week 01/2009-20/2018

SARI case RSV case
Age-group n {3}
0-5 maonths 11014 4783143)
& months-1 year 2207 2213 (1
2-4years 153530 32503
5-84 years 101 &8 118(0.1)
=45 years 253133 122(0.035)
Total 413 552 EF61(

with RSV. Underlying congenital malformation of the heart [OR:
0.49, 5% Cl: 0.56-0.83) and great vessels [OR: 0.38, #3% Cl: 0.24-
0.58), congenital defect originating in perinatal period (OR: 0.41,
95% Cl: 0.31-0.55), asthma [OR: 0.40, #5% Cl- 0.30-0.53), nsuro-
logical disorders (OR: 0.32, 95% Cl: 0.43-0.62), and blood disease
[OR: 0.860, 95% CL 0.48-0.75) were significantly associated with a
lower rizk of being diagnosed with RSV (Table 5).

221 | Multivariable analyses of risk factors for
severe outcomes of RSV in age-group <5 years

Among R5V cases aged <3 years, the age-group 0-5 months (OR:
2.39, 95% Cl: 1.43-3.94), underlying low birth weight [(OR: 6.77. 93%
Cl: 1.28-35.71), preterm newborn (OR: 6.71, 5% Cl: 2.19-20061),
respiratory and cardiovascular disorder specific to the perinatal pe-
riod (OR: 497, 5% Cl: 3.36-7.34), congenital malformation of the
heart ({OR: 3.63, 95% Cl: 1.20-7.02) and great vessek: [OR: 3.50, 93%
Cl: 1.10-11 18), congenital defect origination in perinatal period (OR:
407, 93% Cl: 1.71-9.70), cardiovascular disease {OR: 3.19, 95% CL
277-972), neurclogical disorders [OR: .48, 5% Cl: 3.76-11.18),
blood disease (OR: 3.67, 95% Cl: 1.98-6.79), and liver disease (OR:
1499, 95% Cl- 1.49-150.82) were significantly associated with ICU
admission [Table 5).

Underlying low birth weight (OR: 644, #3% Cl: 1.36-26.33),
preterm newborn (OR: 3.91, 95% Ck 1.20-12.81), respiratory and
cardiovascular disorder specific to the perinatal period (OR- B.B2,
25% Cl- 5.23-14.89), congenital malformation of the heart (OR: 3.85,
23% Cl: 1.43-213), congenital defect originating in perinatal period

TABLE 3 RSV cases and RSV cases with severe outcomes by gender and age-group (R5V cases and deceased R5V cases: week 01,/200%-
20/2018; ICU-admitted RSV cases and ventilated RS cases: week 01/2013-20/2018 original sentinel hospitals, week 01,/2015-20/2018

additional sentinel hospitals)

RSV cases ICU-admitted RSV cases Ventilated RSV cases Deceasad RSV cases
Male Female Male Female Male Female Male Female
Age-group n (%) n (%) n (%) n{%) n (%) n (%] n (%) n (%]
0-5 months 2584 (54 2092 (55) 154 (63} 164 (71) &1 (60 33063} 00 319
& months-1 year 1875 (38) 1338435} 54(21) 5015 17(17) 10(13 2422) 3019
24 years 7308 252(F) 12(3 94 33 306 1411} 1ig)
5-64 years 62 (1) 56(L) 13(% S &(6) 200 111 2013
=45 years G611} 813 17 (M 17 (A 14014) 14017 5156 744
Total 4955 3804 262 230 hlisl B4 9 15
200 W ecases  ——tCUbadritted AV cases  ——Ventilated RSV cases  —— Deceased ASV cxses
1804
180 4
140 4
g 120 1
l: 100 +
£ w-
2 .
-
-
n-
g R R RS P AR ARRT " "R ARRRFREY
g g g g
= = Calendar week = =

FIGURE 3 Mumber of R5V cases and RSV cases with severe outcomes by calendar week, week 01/2015-20/2018
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TABLE 4 RSV cases and RSV cases with severe outcomes by underlying medical condition [R5V cases and deceased RSV cases: week
01/2009-20/2018; ICU-admitted R5V cases and ventilated RSV cases: week 01/2013-20/2018 original sentinel hospitals, week 01/2015-

20/2018 additional sentinel hospitals)

M (%) of RSV cases
n=8761
Medical condition
Dizorder of newborn related to slow fetal — 6(001)
growth and fetal malnutrition
Exctremehy low birth weight (<1000 g) 201}
Low birth weight (1000-2499 g} 51 (0.8)
Extreme immaturity of newborn B{0.1)
(=28 weeks)
Preterm newbom (2B-37 weslks) 62 (08)
Respiratory and cardiovascular disorder 2B2(3.5)
specific to the perinatal period
Congenital malformation of the heart 131 (1.5
Congenital malformation of the great 34004
veszels
Congenital defect originating in perinatal 61 (0.7)
period
Diovwn syndromse 42 (0.5)
Sickle-cell disorder 2{0uoy
Cystic fibrosis 9101)
Vitamin D deficiency 13(0.3)
Asthma 43 (0.7
Chronic obstructive pulmonary disease 4300.5
{COPDY
Chronic pulmanary disease |excl. asthma 54(0.8)
and COPD)
Diabetes 62 (0.F)
Cardiovascular dizease 222 (2.5
Meurclogical disorders 167 (1.9
Blood disease 129 (1.5
Renal failure 63 (0.7}
Liver disease 403
Tuberculosis 2[00y
Cancer 27(0.3)
HIV/AIDS (1]
Pregnancy 10004

[OR: 3.30, 3% CI 1.05-10.34), cystic fibrosis (OR: 33.13, 5% Ck
1.76-700.59), cardiovascular disease (OR: 5.96, 95% Cl- 2.71-13.04),
naurolegical disorders (OR: 4.43, 95% Cl: 2.05-7.54), blood dizease
[OR:8.22, 95% Cl: 4.13-16.3:6), and liver dizease (OR: 13.70, 95% CL
1.81-103.80) were significantly associated with application of venti-
lator support (Table 51

Underlying chronic pulmonary disease (OR: 12.58, 5% CI: 1.13-
140.135), cardiovazcular dizease (OR: 942, 95% Cl: 1.44-60.82), neu-
rodogical disorders (OR: 21.70, 95% Cl: 4.98-94.51), blood dizease
[OR: 12.17, 95% CL 2.23-&6.26), and liver disease [OR: 170,84, 95%

N (%) of ICU-admitted M (%) of ventilated M (%) of deceased
RSV cases RSV cases RSV cases
n=492 n=185 n=25
1(0.2) Li] (1]

308 3(L.8) o
1534 12 |6.5) o

308 3(L.8) o
2144 14(7.5) (1]

&0 (127) 3501900 1400
574 19 (1003} 280y
13(2.8) Blad) o
14429 B3 1400
1n 2{13) ]

(1] i (1]

102 1(0.5) ]

3(0.6 3.8 1400
4(0.8) 1(0.5) 4]
11(23) B2 320
5010 327 280y
16(3.3) 121(6.3) 4160}
69 (14.0) 47 (254 15(60.00
34069 1827 83200
33 6.7) 25(13.5) F(36.00
22 (4.5} 14(7.6) &(24.00
B(l4) 5027 520000
1002 1{0.5) 4]

A00.8) 20113 1400
(1] a 4]

] a 4]

Cl: 20.54-1421.11) were significanthy associated with an increased
rizk of death (Table 5).

2.10 |

in age-group =5 years

Multivariable analyses of risk factors for RSW

Among 5AR| cases aged =5 years, the age-group 3-64 yearz
[245 years: OR: 0.53, #3% C1: 0.39-0.71};, the seasons 2012/13 (OR:
274, 95% CL 1.38-5.45), 2014715 (OR: 2.15, 5% CE 1.12-4.13),
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TABLE § (Continued)

Deceased RSY case

Ventllated RSY case

1CU-admitted R5Y case

RSV case

5% Q

#5% C1

95% Cl

OR

1.76-T00.59

0.88-92.32

3513

0.06-1.13

026

Cystic fibrosis

Witamin D deficiency

Asthma

02

0.30-0.53

040

L13-140.15

1258

OLEF17.448

347

Chronic pubmonary disease
(emcl. asthma and CORD)

Card ovascular disease

1.46-80.82
4.98-94.51
22366, 26
20.54 -

27143.08
205-2.56

596
443

177872
3761118

519
S48
36T

2170

0.43-0.62

0.48-0.75

0.52

050

MNeurgl ogic al disorders
Blood disease

Liver disexse

1217

4.13-16.36

1L98-6.79

170 .86

1.81103.80

13.70

1.49-150.82

142111

Q17207

0.60

Cancer

Nate: Statistical by significant results appear in bolbd.

2016417 [OR: 4.41, 95% CL 2.43-7.99), and 2017/1B [OR: B.51, 95%
Cl: 4.78-15.15); and underlying congenital defect oniginating in peri-
natzl period (OR: 3.74, 95% CL: 1.19-11.76), cystic fibrosis (OR: 13.40,
5% Cl: 5.83-30.78), vitamin D deficiency [OR: 2.57, 95% CI: 1.12-
5.93), and chronic pulmonary disease (OR: 2.04, 3% Cl: 1.23-3.38)
were significantly associated with an increased risk of being diag-
nozed with RSV (Table 4).

211 | Multivariable analyses of risk factors for
severe outcomes of RSV in age-group =5 years

Among R5V cases aged =5 years. underlying blood disease was
significantly associated with 1CU admissiom (OR: 4.38, 95% CI:
1.56-12.27), application of ventilator support (OR: 3.40, 5% CI:
1.22-9.53), and death (OR: 717, 3% Cl: 1.31-19.13). Underlying
renal failure [OR: 2.27, 95% Cl: 1.13-4.35) was significantly associ-
ated with ICU admission. The age-group =45 years (OR: 5.01, 95%
Cl: 1.31-19.15) was significantly associzted with an increased rizk of
death [Table &)

3 | DISCUSSION

The ICOSAR] surveillance data enabled us to describe epidemiology
of hospitalized RSV in Germany and to identify risk factors for being
diagnozed with RSV and severe outcomes of R5V in hospital. Besides
the previously kmown risk factors for R5V and its severe outcomes
including youmg age, certain underlying neonatal disorders, and
chiranic pulmonary and cardiovascular dizeases, underlying cystic fi-
brasis and vitamin D deficiency were alzo found to be rizk factors for
being disgnosed with R5V. For severe outcomes of RSV, age-group
&3 years, underlying cystic fibrosis, neurological disorders, blood
dizease, liver disease, and renal failure were found to be risk factors.

In our study, the majority of SAR| cases were older adults,
whereas most R5W cases were young children. However, almost
half of the deceased R5V cases were older adults. The ICU admis-
sion rate among hospitalized RSV cases [2%-19%) and RSV fatality
rate (%-5%) vary in different studies.****** Our results are within
theze ranges. Im our study, the deceased RSV cases stayed in hospital
in average longer than other RSV cases. RSV fatality rate was at least
10 times higher among ICU-admitted and ventilated RSV cases than
other R5Y cases. The number of RSV cases was higher in the season
20146/17 during the study period which iz im line with the finding
of the RSV surveillance in the United States.** The majority of RSY
cases were without the underlying medical conditions in our study.
Howeever, in most deceased RSV cases, underlying cardiovascular
dizease was present.

The majority of RSV cases were aged <3 years in our study. Thus,
we investigated risk factors separately in two age-groups <3 and
=53 years. To avoid confounding effects, we included in the multi-
variable madels variables with significant azsociation with RSV ar itz
severe gutcomes in the univariable models.
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Im the multivariable models for the age-group <5 years, among
SARI cases, children in the first months of life were significantly
mare likely to be diagnosed with RSV, and among R5V cases, they
were more likely to be admitted to ICU. Our findings are concordant
with the majority of reports that young age is a risk factor for hospi-
talization due to RSV***? and age below 3 months contributes to the
increased saverity of RSV dizease.®™® Being male iz normally known
to be a rizk factor for RSV2%** However, Grimwood et al reported
non-significant associstion between being male and R5V.* In our
study, being female was a risk factor for being diagnosed with RSV,
and gender did not play a role in developing severe outcomes of RSV,
The aszociation between RSV and season varied across the § sea-
sons. RSV was more likely to be diagnosed in the seasons 2014/17
and 2017/18.

Low birth weight and prematurity are widely recognized as
important risk factors for RSV.2® In our study, they were not as-
sociated with being diagnosed with RSV, but were rizk factors for
1CU admission and application of ventilator support in R5V caszes.
Immature immune system, poorly developed airway, and reduced
respiratory muscle capacity of premature infants may contribute
ta this risk."*® Children with underlying congenital heart and great
wessel dizease, congenital defect originating in perinatal period,
neurclogical disorders, and blood dizease were significantly more
likely to be diagnosed with other SARI compared to RSV in our
study. However, the above-mentioned underlying medical con-
ditions, underlying cystic fibrosis, chronic pulmonary dizease,
cardiovascular dizease, and liver disease still contributed to the
severe outcomes among R5V cases. Our findings are in agreement

TABLE & Multivariable logistic regression analyses of risk factors for RSV and its severe outcomes in age-group =3 years (R5V cases and
deceased R5V cases: week 01/2009-20/2018; ICU-admitted RSV cases and ventilated R5V cazes: week 01/2013-20/2018 original sentinel

haspitals, week 01/2015-20/2018 additional sentinel hospitals)

RSV case ICU-admitted R5W case  Ventilated RSV case Deceased RSV case
OR F5%Cl OR %A OR ¥R OR 5Ra
Age-group
5-64 years (referance 1 1
group)
=63 years 0.53 0L3e-071 5.01 1311915
Seazon
2009710 0G0 017211
201011 129 0.52-3.11
2011712 145 0.73-373
12413 274 1.38-5.45
201314 freference group) 1
201415 215 112415
2015716 171 0.B7-3.3%
1817 441 2.43-799
201718 851 4781515
Medical condition
Congenital defect ) 1191176
originating in perinatal
period
Cystic fibrosis 13.40 583-3078
itamin O deficiency 257 112-393
Asthma 173 096-312
Chronic obstructive 075 050-111
pulmonary dizeaze
[COPDY)
Chronic pulmonary 204 1.23-3.38
disease (excl. azthma and
COPCY
Cardiovascular disease 071 0.533-0.%6
Blood disease 438 1561227 340 1.72-9.50 117 1.31-19.15
Renal failure o7 0.56-1.06 237 113-4.55

Note- Statistically significant results appear in bold.
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with the reports that amang infants, underlying congenital heart
disease or lung disease increases severity of hospitalized RSV, 2%
and R5V infection is more severe in those with underlying cystic
fibrosis.***** Poor growth and malnutrition are symptoms of cys-
tic fibrosis which may affect pulmonary function and have am im-
pact on the severity of RSV disease in infants with R5V and cystic
fibrosis.***

In the multivariable models for the age-group =5 years, older
adults were significantly unlikely to be diagnosed with RSV,
However, they were significantly more likely to have severs out-
come of death if they were diagnosed with R5V. This finding can
be explained that RSV similar to seasonal influenza can cause se-
were respiratory complications in older adults, resulting in respira-
tory failure and high mortality.* Gender was not associated with
RSV or its severe outcomes. Like the age-group <3 years, R5W was
more likely to be diagnosed in the seasons 20146/17 and 2017/18.
Although underlying cystic fibrosiz normally increases severity of
RSV i infants,***% in our study, it was also a risk factor for being
diagnosed with R5V in older children and adults. Our results regard-
ing vitamin D deficiency are in line with the findings that vitamin D
may protect against R5V-associated ALRI since vitamin D may influ-
ence the development of immune system, medulate early lung de-
velopment, and decrease viral load during infection,™ but vitamin
D deficiency is not associated with the increased severity of RSV **

Underlying Down syndrome was reported as a risk factor for

1222 whereas some other studies did not find

RSV in some studies,
the association.®*=" In our study, it was like underlying disorder of
newhbaorn related to slow fetal growth and fetal malnutrition, dia-
betes, and cancer not associated with RSV or its severe outcomes
in both age-groups. The young age is associated with hospitalized
RSW.5*" However, children with Down syndrome that are admit-
ted to the hospital tend to be older than children with RSV in-
faction.*® Thiz may partly explain our finding regarding the Down
syndrome. R5Y and other respiratory pathogens in early life play
an important role in the inception and exacerbation of asthma **7
We investigated underlying asthma as a possible risk factor for
RSV and itz severe ogutcomes. In age-group <3 years, asthma pa-
tients were more likely to be diagnosed with ather 5ARI compared
to RSV, and in age-group =5 years, mo associations were found.
However, RSV may be underdiagnosed in asthma patients due to
similar clinical presentation, if no fever is present. COPD patients
may be more susceptible to RSV infection™; however, we found
ni associations. In our study, the number of RSV cases with un-
derlying sickle-cell dizorder, tuberculosis, and pregnant RSV cases
was too low to support the data analyses. Underlying neurological
dizorders, blood dizease, liver dizeasze, and renal failure have been
rarely investigated as possible risk factors for RSV or its severe
outcomes in the literature. In our study, they contributed to the
severe gutcomes in RSV cases.

Cwr study has some limitations. Based on the hospitalization
data alone, information on socio-demographic factors except age
and gender as well as environmental factors for R5Y could not be
captured. Thus, socio-demographic and environmental factors

and underlying medical conditions could not be evaluated in one
maodel, which limited a comprehensive understanding of the risk
factors for R5V and its severe outcomes. Further, no data were
available to identify any children who had received palivizumab
which would reduce the strength of association with risk fac-
tors. ICOSARI is a ICD-10-based syndromic surveillance systemn.
Virological data of the ICOSARI] network were not available. As the
coding behavior of physicians may vary based on use of laboratory
diagnostics and level of coding awareness, some true cases may be
missed or wrongly included due to miscoding which could lead to
information bias. RSV is also a common pathogen of ARI in alder
adults. In gur study, among thosze aged 2435 years, the proportion
of RSV cases in 5ARI cases was lower than that reported in the
literature.** Qur data suggest that in eldedy SARI patients, RSV
testing might be less freguently carried owt. Thus, in our analy-
siz we always use the expression being disgnosed with R3V not
RSV infection. Alzo for this reason, we realized that we cannot ex-
clude underdiagnosis of R5V, leading to underestimation of risks.
Although the sample size of our study population and R5V cases
was large, the number of deceased RSV cases and R5V cazes with
some underlying medical conditions was small which may lead
to sparse data bias, especially for the evaluation of risk factors
for deceased R3V cases and underlying liver disease as risk fac-
tor in age-group <3 years. However, few other studies were large
enough to look into the risk of death, whereas our approach using
surveillance data, despite this limitation, allowed analysis of de-
ceaszed RV cases.

4 | CONCLUSIONS

Using 1CD-10-based surveillance data allows to identify risk factors
for being diagnosed with R5V and severe outcomes of RSV in hos-
pital, to quantify the rizk in different age-groups, and to monitor the
risk routinely. Qur findings will contribute to the development of a
baseline for evaluating RSV vaccination strategies and RSV vaccina-
tion impact in the future, in particular on the target growps, and help
reducing burden of R5V dizease and its severe outcomes.

Further studies regarding risk factors for RSV are needed with
the focus on the underlying medical conditions with inconsistent
findings compared with the literature with consideration of so-
cio-demographic and environmental factors.
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