
 
 

 

Aus dem Robert Koch-Institut und  

der Medizinischen Fakultät Charité – Universitätsmedizin Berlin 

 

DISSERTATION 

Evaluation of using ICD-10 code data for RSV surveillance and 

identification of risk factors for RSV disease 

Evaluation von Verwendung der ICD-10 Code Daten für RSV Surveillance 

und Identifikation von Risikofaktoren für RSV-Erkrankung 

 

 

zur Erlangung des akademischen Grades 

Doctor rerum medicinalium (Dr. rer. medic.) 

 

 

Vorgelegt der Medizinischen Fakultät 

Charité – Universitätsmedizin Berlin 

 

von 

CAI, Wei 

aus Wuhan, China 

 

Datum der Promotion: 17.09.2021 



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

2 
 

Table of contents 

Abstract (English) .......................................................................................................... 3 

Abstract (German) ......................................................................................................... 5 

1 Introduction ................................................................................................................. 7 

2 Methods ....................................................................................................................... 9 

2.1 Study data ....................................................................................................................... 9 

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

2.3 Methods for identification of risk factors for RSV and its severe outcomes ............ 11 

3 Results....................................................................................................................... 13 

3.1 Evaluation of using of ICD-10 codes for RSV surveillance ........................................ 13 

3.1.1 Descriptive analysis of RSV cases based on SEEDARE ............................................................ 13 

3.1.2 Descriptive analysis of confirmed-RSV-cases based on virological surveillance ..................... 13 

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

confirmed RSV infections ................................................................................................................... 14 

3.2 Identification of risk factors for hospitalized RSV and its severe outcomes ............ 16 

3.2.1 Descriptive analysis of RSV cases based on ICOSARI ............................................................ 16 

3.2.1.1 RSV cases among SARI cases .......................................................................................... 16 

3.2.1.2 ICU admitted RSV cases, ventilated RSV cases and deceased RSV cases ..................... 16 

3.2.1.3 RSV cases by calendar week ............................................................................................. 17 

3.2.1.4 RSV cases with underlying medical conditions .................................................................. 18 

3.2.2 Identification of risk factors for RSV and its severe outcomes .................................................. 19 

3.2.2.1 Risk factors for RSV and its severe outcomes in age group <5 years ............................... 19 

3.2.2.2 Risk factors for RSV and its severe outcomes in age group >=5 years ............................. 22 

4 Discussion ................................................................................................................ 24 

Literature ...................................................................................................................... 28 

Affidavit ........................................................................................................................ 32 

Excerpt of the journal summary list (Publication 1) ................................................. 35 

Publication 1 ................................................................................................................ 37 

Cai W, Tolksdorf K, Hirve S, Schuler E, Zhang W, Haas W, Buda S. Evaluation of using ICD-10 

code data for respiratory syncytial virus surveillance. Influenza Other Respi Viruses. 2019;00:1-8.

 ........................................................................................................................................................ 37 

Excerpt of the journal summary list (Publication 2) ................................................. 46 

Publication 2 ................................................................................................................ 48 

Cai W, Buda S, Schuler E, Hirve S, Zhang W, Haas W. Risk factors for hospitalized respiratory 

syncytial virus disease and its severe outcomes. Influenza Other Respi Viruses. 2020;00:1–13. 48 

Curriculum vitae .......................................................................................................... 62 

List of publications ...................................................................................................... 64 

Acknowledgements ..................................................................................................... 66 

 



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

3 
 

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%-CI:3%-12%), and high 

specificity (99.8%, 95%-CI: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%-

CI: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 häufigste Erreger von akuten 

Erkrankungen der unteren Atemwege (AEUA) bei Kleinkindern. Diese Arbeit evaluierte 

die Verwendung der RSV-spezifischen ICD-10-Codes für RSV-Surveillance und 

identifizierte Risikofaktoren für hospitalisierte RSV-Erkrankung und ihre schweren 

Outcomes.   

Methodik 

Sekundärdatenanalyse wurde basierend auf den Daten von ICD-10-basierten und 

virologischen Surveillance-Systemen für akute respiratorische Erkrankungen (ARE) der 

Primär- und Sekundärversorgung in Deutschland durchgeführt. Die Sensitivität und 

Spezifität von RSV-spezifischen ICD-10-Codes zur Identifizierung von laborbestätigen 

RSV-Erkrankungen wurden berechnet. Mit den ICD-10-basierten Surveillance-Daten 

wurde univariable und multivariable logistische Regressionsanalyse durchgeführt, um 

Risikofaktoren für 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 Primärversorgung konnten analysiert werden. Davon konnten 2.624 

ARE-Fälle abgeglichen werden. Die RSV-spezifischen ICD-10-Codes hatten eine 

niedrige Sensitivität (6%, 95%-KI:3%-12%) und hohe Spezifität (99,8%, 95%-KI:99,6%-

99,9%). Die Sensitivitäten erhöhten 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 während der RSV-Saison. Die Spezifitäten beider Kombinationen 

blieben hoch (91%, 95%-KI:86-94%; 90%, 95%-KI:85-94%). Basierend auf den ICD-10-

Code-Daten in der Sekundärversorgung wurden 413.552 schwere ARE (SARI)-Fälle und 

8.761 RSV-Fälle identifiziert. Bei SARI-Fällen <5 Jahren alt, die Altersgruppe <1 Jahr, 

Krankheiten des Atmungs- und Herz-Kreislaufsystems, die für die Perinatalperiode 

spezifisch sind waren Risikofaktoren für RSV-Erkrankung. Bei Altersgruppe >=5 Jahre, 

angeborene Fehlbildungen, die für die Perinatalperiode spezifisch sind, Mukoviszidose, 
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Vitamin-D-Mangel und chronische Lungenerkrankung waren Risikofaktoren für RSV-

Erkrankung. Altersgruppen 0-5 Monate und >=65 Jahre, niedriges Geburtsgewicht, 

Frühgeburt, Krankheiten des Atmungs- und Herz-Kreislaufsystems, die für die 

Perinatalperiode spezifisch sind, angeborene Fehlbildung des Herzens und der großen 

Gefäße, angeborener Defekt mit Ursprung in der Perinatalperiode, Mukoviszidose, 

chronische Lungenerkrankung, Herz-Kreislauf-Erkrankung, neurologische Erkrankung, 

Bluterkrankung, Lebererkrankung und Nierenversagen waren Risikofaktoren für schwere 

Outcomes von RSV-Erkrankung. 

Schlussfolgerungen 

RSV-spezifische ICD-10-Codes unterschätzen die Anzahl der tatsächlichen RSV-

Erkrankungen. Dies kann durch die Kombination der RSV-spezifischen und allgemeinen 

AEUA ICD-10-Codes gelöst werden. Durch ICD-10-basierte Surveillance-Daten können 

Risikofaktoren für 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 (SEEDARE) based on the 10th 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 Charité, 

Universitätsmedizin, Berlin. 
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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 
data collection 
system for ARI 
based on ICD-10 
codes (SEEDARE) 

 
193 practices (2007-2017) 

• 107 general practices;  

• 46 pediatric practices;  

• 26 internist practices;  

• 14 practices with 
different specialties 

 
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 
 
 
 

Virological 
surveillance 

222 practices (2010-2017) 16 federal states • Pediatric practices:  
3 respiratory specimens of patients with ARI or 
influenza like illness (ILI) per practice 

• 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-ID, 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%-CI). 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 
and fetal malnutrition 

P05.- 

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 

Respiratory and cardiovascular disorder specific to 
the perinatal period 

P20-P29 

Congenital malformation of the heart Q20-Q24 

Congenital malformation of the great vessels 

Congenital defect originating in perinatal period  

Q25-Q26 

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

Down syndrome Q90.- 

Sickle-cell disorder D57.- 

Cystic fibrosis E84.- 

Vitamin D deficiency E55.- 

Asthma J45.-, J46 

Chronic obstructive pulmonary disease (COPD) J44.- 

Chronic pulmonary disease (excl. asthma and 
COPD) 

I27.8, I27.9, J40-J43, J47, J60-J67, J68.4, J70.1, J70.3 

Diabetes E10-E14 

Cardiovascular disease 

A52.0, I05-I08, I09.1, I09.8, I09.9, I10, I11, I13, I15, I25.5, I26, I27, I28.0, 
I28.8, I28.9, I34-I39,  I42.0, I42.5, I42.9, I43, I44.1-I44.3, I45.6, I45.9, I47-
I50, P29.0, Q23.0-Q23.3, R00.0, R00.1, R00.8, T82.1, Z45.0, Z95.0, Z95.2, 
Z95.4 

Neurological disorders 
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 

Blood disease D50.0, D50.8, D50.9, D51-D53, D65-D68, D69.1, D69.3-D69.6 

Renal failure I12.0, I13.1, N18, N19, N25, Z49.0, Z49.2, Z94.0, Z99.2 

Liver disease 
B18, I85, I86, I98, K70, K71.1, K71.3, K71.5, K71.7, K72, K74, K76.0, 
K76.2, K76.9, Z94.4 

Tuberculosis A15-A19 

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

HIV/AIDS B20-B22, B24 

Pregnancy O00-O99 
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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 

SEEDARE 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 

(yr) 

Male 

n (%) 

Female 

n (%) 

Total 

n (%) 

Male 

n (%) 

Female 

n (%) 

Total 

n (%) 

Positive 

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 SEEDARE 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).  

 

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%-CI: 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 
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data 48–15 week) both reached 44% (95%-CI: 30-59%), the specificities of the two 

combinations were 91% (95%-CI: 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%-CI % 95%-CI 

RSV codes1 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 seasons2      

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.-4 30 18-45 75 68-80 

RSV codes + J12.-5 16 7-29 99.5 98-99.9 

RSV codes + J18.-6 30 18-45 98 95-99 

RSV codes + J20.-7 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 codes9 90 78-97 16 11-21 
 

1RSV 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 

9all 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).  

 

 

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] 

 RSV cases 
ICU admitted RSV 

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).  

 

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 
(n=8761) 

n (%) 

ICU admitted RSV 
cases (n=492) 

n (%) 

Ventilated RSV 
cases (n=185) 

n (%) 

Deceased RSV 
cases (n=25) 

n (%) 

Disorder of newborn related to 
slow fetal growth and fetal 
malnutrition 

6 (0.1) 1 (0.2) 0 0 

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 
period 

282 (3.5) 60 (12.7) 35 (19.0) 1 (4.0) 

Congenital malformation of the 
heart 

131 (1.6) 35 (7.4) 19 (10.3) 2 (8.0) 

Congenital malformation of the 
great vessels 

34 (0.4) 13 (2.8) 8 (4.4) 0 

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 
disease (COPD) 

43 (0.5) 11 (2.2) 8 (4.3) 3 (12.0) 
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Chronic pulmonary disease (excl. 
asthma and COPD) 

 
54 (0.6) 

 
5 (1.0) 

 
5 (2.7) 

 
2 (8.0) 

Diabetes 
 

62 (0.7) 
 

16 (3.3) 
 

12 (6.5) 
 

4 (16.0) 

Cardiovascular disease 222 (2.5) 69 (14.0) 47 (25.4) 15 (60.0) 

Neurological disorders 167 (1.9) 34 (6.9) 18 (9.7) 8 (32.0) 

Blood disease 129 (1.5) 33 (6.7) 25 (13.5) 9 (36.0) 

Renal failure 65 (0.7) 22 (4.5) 14 (7.6) 6 (24.0) 

Liver disease 24 (0.3) 8 (1.6) 5 (2.7) 5 (20.0) 

Tuberculosis 2 (0.0) 1 (0.2) 1 (0.5) 0 

Cancer 27 (0.3) 4 (0.8) 2 (1.1) 1 (4.0) 

HIV/AIDS 0 0 0 0 

Pregnancy 1 (0.0) 0 0 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%-CI OR 95%-CI OR 95%-CI OR 95%-CI 

         
Age group         
 
0-5 months 

20.29 18.37-22.41 2.39 1.45-3.94   0.28 0.03-2.29 

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 
grams)  

1.18 0.72-1.93 6.77 1.28-35.71 6.44 1.56-26.55   

 
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 
period 

1.32 1.11-1.57 4.97 3.36-7.34 8.82 5.23-14.89   

 
Congenital malformation of the 
heart 

0.69 0.56-0.85 3.65 1.90-7.02 3.85 1.63-9.13 2.54 0.26-24.78 

 
Congenital malformation of the 
great vessels  

0.38 0.26-0.58 3.50 1.10-11.18 1.87 0.46-7.68   

 
Congenital defect originating in 
perinatal period 

0.41 0.31-0.55 4.07 1.71-9.70 3.30 1.05-10.34 2.61 0.23-29.68 
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Down syndrome 

  
 
2.61 

 
0.93-7.31 

    

         

Cystic fibrosis 0.26 0.06-1.13 
 
 

 35.13 1.76-700.59   

Vitamin D deficiency     9.02 0.88-92.32   

Asthma 0.40 0.30-0.53       

Chronic pulmonary disease 
(excl. asthma and COPD) 

    3.67 0.69-19.46 12.58 1.13-140.15 

Cardiovascular disease   5.19 2.77-9.72 5.96 2.71-13.08 9.42 1.46-60.82 

Neurological disorders 0.52 0.43-0.62 6.48 3.76-11.18 4.43 2.05-9.56 21.70 4.98-94.51 

Blood disease 0.60 0.48-0.75 3.67 1.98-6.79 8.22 4.13-16.36 12.17 2.23-66.26 

Liver disease   14.99 1.49-150.82 13.70 1.81-103.80 170.86 20.54-1421.11 

Cancer 0.60 0.17-2.07       

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%-CI OR 95%-CI OR 95%-CI OR 95%-CI 

         
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 1.71 0.87-3.39       
2016/17 4.41 2.43-7.99       
2017/18  8.51 4.78-15.15       

Medical condition          

Congenital defect originating in 
perinatal period  

3.74 1.19-11.76       

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 
(excl. asthma and COPD)  

2.04 1.23-3.38       

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].  



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

26 
 

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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