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CHAPTER 1

GENERAL INTRODUCTION

Public health surveillance is the ongoing systematic collection, analysis, and
interpretation of health data to those who need it to take action in order to prevent
or control disease.! In the context of infectious disease, surveillance is essential for
the detection of outbreaks, enabling rapid investigation, pathogen identification, and
response.? Other reasons for monitoring infectious diseases are establishing baseline
disease rates, identify new emerging infections, monitor impact and effectiveness of
healthcare interventions, guide research and clinical management and communication
with the public and media.3*

The available surveillance pyramid for respiratory infections in the Netherlands
consists of multiple layers, among which the top and the base are well-covered
with monitoring of all-cause mortality by National Institute for Public Health and the
Environment (RIVM) based on data from Statistics Netherlands, influenza-like illness
(IL1), and clinically diagnosed pneumonia in primary care (figure 1).5> Surveillance in
secondary care of severe acute respiratory infections (SARI) in patients requiring
hospitalisation is an important missing link in the current respiratory surveillance
system. Community-acquired pneumonia, as a typical presentation of SARI frequently
requiring hospitalisation, has a high burden of disease worldwide.®” If data on the
occurrence and causes of SARI are unavailable on real-time basis, an increase in SARI
incidence may go unnoticed. A real-time SARI surveillance system would provide
essential data on the severity of the epidemic in time, place, causative pathogen, and
person, and guide timely public health action.

Mortality
monitoring

SARI surveillance Secondary care

Pneumonia surveillance

ARl surveillance Primary care

ILI surveillance

Figure 1. The surveillance pyramid of respiratory infections in the Netherlands

*SARI=severe acute respiratory infections; ARI=acute respiratory infections; ILI=influenza-like illness
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We define a SARI patient as a hospitalised patient with:

1. at least one systemic symptom (fever, malaise, headache, or myalgia) or
deterioration of general condition (asthenia or loss of weight or anorexia or
confusion or dizziness);

and

2. atleast one respiratory symptom (cough, sore throat, or dyspnea) at admission or
within 48 hours after admission;

and

3. symptoms should have started less than 7 days before admission.®

This SARI case definition is in outline similar to the 2014 World Health Organization
(WHO) SARI case definition.®

THE NEED FOR SARI SURVEILLANCE

The need for SARI surveillance became apparent during the 2009 influenza A(HIN1)
pandemic.’ Assessment of severity based on hospital admissions was difficult because
of a lack of historic SARI surveillance data on the number of hospital admissions of
SARI patients and laboratory-confirmed infections by influenza virus, which precluded
comparisons with other regular influenza seasons. These SARI surveillance data are also
important when implementing specific interventions, such as (influenza) vaccination,
upscaling of diagnostics for emerging pathogens, and isolation of patients. In addition,
SARI surveillance data enable the evaluation of implemented interventions, the impact
of respiratory infections on the healthcare system, and inform epidemiological and
mathematical modelling studies.

Despite recommendations by the European Centre for Disease Prevention and Control
(ECDC) and the World Health Organization (WHO) to set up a SARI surveillance system
in countries worldwide, a robust SARI surveillance system does not exist in most
countries, including the Netherlands.>*213

Dutch Hospital Data, a national register of hospital discharge diagnoses, provides
information on number of pneumonia admissions, but has a one year time-lag and the
vast majority of pneumonia is coded ‘pneumonia, organism unspecified'.** Therefore,
an increase of SARI incidence could remain unnoticed and potential subsequent
(pathogen-specific) healthcare measures cannot be implemented timely. An increase
of SARI incidence could occur during a regular influenza season, but also during
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outbreaks due to other pathogens.

The Q-fever outbreaks in the Netherlands could serve as an example in which a
potential, robust real-time SARI surveillance system, if in place at that moment in
time, would have been of added value in detecting an increase in SARI incidence. In
a retrospective analysis, several clusters of SARI were identified that occurred in 2005
to 2007, and before the Q-fever outbreaks had been recognized in the Netherlands.®
Thus, in hindsight, a well-functioning SARI surveillance system might have led to earlier
detection, and possibly earlier healthcare interventions, such as the treatment and
follow-up of acute Q-fever patients and implementing veterinary control measures.

In 2018, the WHO released a list of priority diseases for research and development
in emergency context, which included among others: Ebola, Middle East Respiratory
Syndrome (MERS), Severe Acute Respiratory Syndrome (SARS), and “Disease X".'°
“Disease X" represents a new disease caused by an infectious pathogen with epidemic
or pandemic potential, which could now be recognized as COVID-19.1%-8 During the
ongoing COVID-19 pandemic, the WHO has recommended to further strengthen
surveillance capacities to rapidly identify and care for COVID-19 patients, trace and
quarantine contacts and monitor disease trends over time. For established hospital-
based surveillance this would imply that COVID-19 patients admitted to hospitals
should be notified to national public health authorities within 24 hours of identification.
An existing sentinel SARI surveillance system complemented with microbiological
diagnostics would have provided a systematic, standardized approach to testing.>2°
Despite these recommendations and experience from previous epidemic and
pandemics, many countries were still ill prepared to cope with the challenges of the
COVID-19 pandemic, such as increasing test capacity, ICU bed capacity, and mitigate
medical staff shortages.?'>> Robust respiratory surveillance systems on all healthcare
levels as part of the respiratory surveillance pyramid, including SARI surveillance in
secondary care, could have provided more timely detection of COVID-19 and possibly
reduced morbidity and mortality.2>2*

SARI SURVEILLANCE SYSTEMS ABROAD

Establishing a robust SARI surveillance system has proven difficult to realise in daily
practice, which is illustrated by the large international differences of SARI surveillance
systems, SARI case definitions, sampling strategies, and requested microbiological
diagnostics in respiratory samples.?>3? A similarity between the SARI surveillance
systems in different countries is that influenza virus is the most often reported pathogen
under surveillance.®® The differences in microbiological diagnostics between countries
could be due to costs and clinical relevance in daily practice. Application of these
foreign SARI surveillance systems to the Dutch situation is limited because of these
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differences in healthcare systems and methodologies.

SARI SURVEILLANCE IN THE NETHERLANDS

Syndromic surveillance

Syndromic surveillance is based on data on specific disease indicators, such symptomes,
or diseases, without knowledge of pathogens. Syndromic surveillance, such as SARI
surveillance, aims to collect these data timely and determine the morbidity in a
population .3

In 2015, the RIVM started the Strategic Program RIVM (SPR) project “Severe acute
respiratory infections, the missing link in the surveillance pyramid”.** RIVM collaborated
with Leiden University Medical Center (LUMC) and Jeroen Bosch Hospital (JBH) to
develop a specific, near real-time SARI surveillance system, providing essential data
on SARI incidence.

In LUMC, a passive, syndromic SARI surveillance system, Integrated Alert and Response
System (ICARES), was operational in LUMC since October 2013.3% ICARES was an
automated cluster detection system based on financial codes with a limited dataset,
such as admission date, age group, gender, four-digit postal code, and intensive care
unit admission. In this SARI surveillance pilot this passive surveillance system was
compared to an active surveillance system, which was set up from scratch in JBH.
Patients adhering to the SARI case definition were actively recruited on the admission
ward by research nurses. A questionnaire was completed by the attending doctor or
research nurse for each SARI patient to obtain additional data on date of symptom
onset, symptoms, antiviral medication, vaccination status, comorbidities and risk
factors (smoking, obesity, pregnancy) and activities of daily living (ADL).

SARI SURVEILLANCE AND MICROBIOLOGICAL DIAGNOSTICS

The value of SARI surveillance increases if microbiological test results are added
to syndromic data, providing insight into circulating and causative respiratory
pathogens.? Elevations in SARI incidence due to specific pathogens, such as influenza
virus, could be monitored. Diagnostics are also of interest to monitor changes in
virulence of pathogens, the occurrence of resistance, and the antigenic similarity with
the vaccine. Therefore, it is preferable that a robust surveillance system consists of
syndromic SARI, complemented with microbiological diagnostics based on causative
pathogens. However, there are some disadvantages of complementing syndromic
SARI surveillance with microbiological diagnostics, like an increase in costs and
administrative burden. In addition, traceability of personal data must be prevented,
because syndromic surveillance data complemented with microbiological diagnostics
requires linkage of individual patient data.®*
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AIM AND OUTLINE OF THE THESIS

The general aim of the thesis is to provide a scientific basis for establishing a sustainable
SARI surveillance system in the Netherlands. Through pilot studies, we aim to analyse
the key requirements for a sustainable SARI surveillance system.

The following objectives are addressed in this thesis:

1. To explore which hospital data are required for a specific and real-time SARI
surveillance system:;

2. To analyze how these data can be collected efficiently in a demanding hospital
setting;

3. To explore how SARI surveillance relates to other available respiratory surveillance
systems in primary care as well as crude mortality and investigate whether a
relevant time lag exists;

4. To assess the feasibility of adding microbiological diagnostics to syndromic SARI
surveillance;

5. To assess the incidence and hospitalisation costs of SARI patients attributable
to influenza per influenza season and make comparisons with other health care
levels;

6. Toinvestigate whether mediareports could provide relevant syndromic information
for estimating the impact of influenza on hospital care;

7. To determine how to plan for and manage acute respiratory pandemics in
secondary care

To explore which available surveillance systems or datasets in the Netherlands could
potentially be used for establishing a robust SARI surveillance system, we performed
an evaluation using CDC and ECDC evaluation criteria for public health surveillance
(Chapter 2). In addition, to assess the added value of routinely collected SARI data, we
compared time-trends for SARI with time-trends for ILI, ARI, pneumonia in primary
care and crude mortality (Chapter 3). To investigate the influenza disease burden
on hospital level, we conducted a retrospective study estimating the incidence and
costs of adult hospitalised influenza patients in two consecutive influenza epidemics
(Chapter 4). Underlining the relevance of novel microbiological diagnostics for
individual patient care and SARI surveillance, we estimated the costs of a clinical
pathway which included PCR-based influenza point-of-care testing (Chapter 5). In
the context of using SARI surveillance data for research that is relevant for individual
patientcare, we present the effectiveness of oseltamivir in reduction of complications
and 30-day mortality in severe seasonal influenza infection (Chapter 6). In the absence
of a robust SARI surveillance system in the Netherlands, we explored whether media
reports could be used as an alternative source for monitoring the impact of influenza
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on hospital level (Chapter 7). Finally, we report about an European expert meeting on
preparedness for acute respiratory pandemics (Chapter 8).

To explore the missing link of SARI surveillance in the Dutch respiratory surveillance
pyramid, we discuss SARI surveillance from different perspectives, including hospital,
public health, the role of diagnostics, the use of media reports for surveillance, costs,
and preparedness and emergency response. For each perspective, we discuss the
lessons learned and put our results in broader perspective by comparing them to
existing literature (Chapter 9).

17



CHAPTER 1

REFERENCES

10.

11

12.

13.

14.
15.

16.

17.

18.

19.

20.

21
22.

18

M'ikanatha NM, Iskander JK. Concepts and methods in infectious disease surveillance. Hoboken: John
Wiley & Sons; 2015.

Lee LM TS, Thacker SB, St. Louis ME. Principles & practice of public health surveillance. New York: Oxford
University Press; 2010.

Groseclose SL, Buckeridge DL. Public Health Surveillance Systems: Recent Advances in Their Use and
Evaluation. Annu Rev Public Health. 2017; 38:57-79.

Nsubuga P, White ME, Thacker SB, Anderson MA, Blount SB, Broome CV, et al. Public Health Surveillance:
A Tool for Targeting and Monitoring Interventions. In: nd, Jamison DT, Breman JG, Measham AR, Alleyne
G, Claeson M, et al., editors. Disease Control Priorities in Developing Countries. Washington (DC)2006.
Reukers DFM, van Asten L, Brandsema PS, Dijkstra F, Donker GA, van Gageldonk-Lafeber AB, et al. Annual
report Surveillance of influenza and other respiratory infections in the Netherlands: winter 2018/2019.
Bilthoven: National Institute for Public Health and the Environment2019.

Feldman C, Anderson R. Community-acquired pneumonia: still a major burden of disease. Curr Opin Crit
Care. 2016; 22:477-84.

Ferreira-Coimbra J, Sarda C, Rello J. Burden of Community-Acquired Pneumonia and Unmet Clinical
Needs. Adv Ther. 2020; 37:1302-18.

Epiconcept. I-MOVE+: Protocol for hospital-based test negative case control studies to measure seasonal
influenza vaccine effectiveness against influenza laboratory confirmed SARI hospitalisation among the
elderly across the European Union and European Economic Area Member States. 2015.

WHO. SARI case definition. [27 September 2020]; Available from: http://www.who.int/influenza/surveil-
lance_monitoring/ili_sari_surveillance_case_definition/en/.

van 't Klooster TM, Wielders CC, Donker T, Isken L, Meijer A, van den Wijngaard CC, et al. Surveillance of
hospitalisations for 2009 pandemic influenza A(HIN1) in the Netherlands, 5 June - 31 December 2009.
Euro surveillance : bulletin Europeen sur les maladies transmissibles = European communicable disease
bulletin. 2010; 15.

van Gageldonk-Lafeber AB, Hooiveld M, Meijer A, Donker GA, Veldman-Ariesen MJ, van der Hoek W, et al.
The relative clinical impact of 2009 pandemic influenza A (HIN1) in the community compared to seasonal
influenza in the Netherlands was most marked among 5-14 year olds. Influenza and other respiratory
viruses. 2011; 5:e513-20.

ECDC. Severe influenza surveillance in Europe. Stockholm: European Centre for Disease Prevention and
Control2012.

WHO. Global epidemiological surveillance standards for influenza. 2013 [27 September 2020]; Available
from: https://www.who.int/influenza/resources/documents/WHO_Epidemiological_Influenza_Surveil-
lance_Standards_2014.pdf?ua=1.

Dutch Hospital Data. Available from: http://www.dutchhospitaldata.nl/Paginas/default.aspx.

van den Wijngaard CC, Dijkstra F, van Pelt W, van Asten L, Kretzschmar M, Schimmer B, et al. In search of
hidden Q-fever outbreaks: linking syndromic hospital clusters to infected goat farms. Epidemiology and
infection. 2011; 139:19-26.

WHO. Prioritizing diseases for research and development in emergency contexts. 2018 [28 August 2020];
Available from: https://www.who.int/news-room/events/detail/2018/02/06/default-calendar/2018-
annual-review-of-diseases-prioritized-under-the-research-anddevelopment-blueprint.

Simpson S, Kaufmann MC, Glozman V, Chakrabarti A. Disease X: accelerating the development of medical
countermeasures for the next pandemic. Lancet Infect Dis. 2020; 20:e108-¢e15.

Jiang S, Shi ZL. The First Disease X is Caused by a Highly Transmissible Acute Respiratory Syndrome
Coronavirus. Virol Sin. 2020; 35:263-5.

WHO. Public health surveillance for COVID-19. Interim guidance. 2020 [21 August 2020]; Available from:
https://www.who.int/publications/i/item/who-2019-nCoV-surveillanceguidance-2020.7.

WHO. Operational considerations for COVID-19 surveillance using GISRS. 2020 [21 August 2020]; Available
from:  https://apps.who.int/iris/bitstream/handle/10665/331589/WHO-2019-nCoV-Leveraging_GISRS-
2020.1-eng.pdf?sequence=1&isAllowed=y.

Fisher DA, Carson G. Back to basics: the outbreak response pillars. Lancet. 2020.

Hick JL, Biddinger PD. Novel Coronavirus and Old Lessons - Preparing the Health System for the



http://www.who.int/influenza/surveil-
https://www.who.int/influenza/resources/documents/WHO_Epidemiological_Influenza_Surveil-
http://www.dutchhospitaldata.nl/Paginas/default.aspx.
https://www.who.int/news-room/events/detail/2018/02/06/default-calendar/2018-
https://www.who.int/publications/i/item/who-2019-nCoV-surveillanceguidance-2020.7.
https://apps.who.int/iris/bitstream/handle/10665/331589/WHO-2019-nCoV-Leveraging_GISRS-

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

GENERAL INTRODUCTION

Pandemic. The New England journal of medicine. 2020; 382:e55.

Peeri NC, Shrestha N, Rahman MS, Zaki R, Tan Z, Bibi S, et al. The SARS, MERS and novel coronavirus
(COVID-19) epidemics, the newest and biggest global health threats: what lessons have we learned?
International journal of epidemiology. 2020.

Zwald ML, Lin W, Sondermeyer Cooksey GL, Weiss C, Suarez A, Fischer M, et al. Rapid Sentinel Surveillance
for COVID-19 - Santa Clara County, California, March 2020. MMWR Morb Mortal Wkly Rep. 2020; 69:419-
21.

Bolotin S, Pebody R, White PJ, McMenamin J, Perera L, Nguyen-Van-Tam JS, et al. A new sentinel
surveillance system for severe influenza in England shows a shift in age distribution of hospitalised cases
in the post-pandemic period. PloS one. 2012; 7:e30279.

Nachtnebel M, Greutelaers B, Falkenhorst G, Jorgensen P, Dehnert M, Schweiger B, et al. Lessons from a
one-year hospital-based surveillance of acute respiratory infections in Berlin- comparing case definitions
to monitor influenza. BMC public health. 2012; 12:245.

Huang QS, Baker M, McArthur C, Roberts S, Williamson D, Grant C, et al. Implementing hospital-based
surveillance for severe acute respiratory infections caused by influenza and other respiratory pathogens
in New Zealand. Western Pacific surveillance and response journal : WPSAR. 2014; 5:23-30.

Ortiz JR, Neuzil KM, Cooke CR, Neradilek MB, Goss CH, Shay DK. Influenza pneumonia surveillance
among hospitalized adults may underestimate the burden of severe influenza disease. PloS one. 2014;
9:e113903.

Thomas | HA, van Gucht S, Weyckmans J, Bauwens D, el Kadaani K, Abady M, Fdillate I. Virological
surveillance of influenza in Belgium: season 2013-2014: Scientific Institute of Public Health2014.

Yu H, Huang J, Huai Y, Guan X, Klena J, Liu S, et al. The substantial hospitalization burden of influenza
in central China: surveillance for severe, acute respiratory infection, and influenza viruses, 2010-2012.
Influenza and other respiratory viruses. 2014; 8:53-65.

Budgell E, Cohen AL, McAnerney J, Walaza S, Madhi SA, Blumberg L, et al. Evaluation of two influenza
surveillance systems in South Africa. PloS one. 2015; 10:e0120226.

Meerhoff TJ, Simaku A, Ulginaku D, Torosyan L, Gribkova N, Shimanovich V, et al. Surveillance for severe
acute respiratory infections (SARI) in hospitals in the WHO European region - an exploratory analysis of
risk factors for a severe outcome in influenza-positive SARI cases. BMC infectious diseases. 2015; 15:1.
WHO. Overview of sentinel systems for hospitalized severe acute respiratory infections (SARI) represented
in the weekly EuroFlu surveillance bulletin. 2013 [27 April 2020]; Available from: http://www.euro.who.
int/__data/assets/pdf_file/0005/186863/Overview-of-SARI-Surveillance-Systems-final.pdf.

van Asten L, Fanoy E, Hooiveld M, Koopmans M, Kretzschmar M. Syndroomsurveillance, een vinger aan de
pols van de volksgezondheid NTvG. 2014; 158:1-8.

van Gageldonk-Lafeber AB, van der Hoek W. Severe acute respiratory infections, the missing link in the
surveillance pyramid (SARI) 2014.

Groeneveld GH, Dalhuijsen A, Kara-Zaitri C, Hamilton B, de Waal MW, van Dissel JT, et al. ICARES: a real-
time automated detection tool for clusters of infectious diseases in the Netherlands. BMC infectious
diseases. 2017; 17:201.

19


http://www.euro.who/

