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1. SYNOPSIS 

Study Title Multi-centre EuRopean study of MAjor Infectious Disease Syndromes 
(MERMAIDS): Acute Respiratory Infections in Adults 

Ref. no. / short title MERMAIDS – ARI 

Study Design Prospective, observational study 

Study Participants Adults (≥ 18 years old) with a suspected community acquired acute respiratory 
tract infection, 
Group 1: attending primary care 
Group 2: admitted to hospital 

Planned Sample Size Primary Care patients (Group 1): n = 750 
Hospitalised Patients (Group 2): n = 2,250 

Planned Study Period 60 months 

 

 Objectives Outcome measures 

Primary objective Identify host and pathogen related 
determinants of severity of 
community acquired acute respiratory 
infections (ARI) in adults. 

Differentially expressed host genes (≥ 2-
fold difference in expression levels) as 
assessed by RNA transcriptome microarray 
in hospitalised and primary care managed 
cases of ARI, stratified by pathogen* and 
comorbidity**. 

*Influenza virus, Human Rhinovirus, Respiratory Syncytial 
Virus, Streptococcus pneumoniae;  **No comorbidity, 
chronic pulmonary disease, chronic cardiovascular disease, 
chronic metabolic disease (diabetes)  

Secondary 
objectives 

Describe the aetiology, clinical 
management and outcomes of adult 
patients with community acquired 
ARI, in both primary care and hospital 
care, across Europe. 

In both groups: 

 Prevalence of detection of putative 
pathogens in respiratory tract samples  

 Proportion of cases receiving 
antibiotics, antivirals, antifungals 
and/or immunomodulators. 

 28 day mortality 

Additional in group 1 (primary care): 

 Proportion of cases requiring 
hospitalisation 
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 Objectives Outcome measures 

 
Additional in group 2 (hospitalised 
patients): 

 Severity of illness at enrolment as 
assessed by Pneumonia Severity Index 
(PSI) and CURB-65 

 Proportion of cases requiring during 
admission: supplemental oxygen; non-
invasive or invasive mechanical 
ventilation; extra-corporeal life 
support. 

 Duration of invasive mechanical 
ventilation and extra-corporeal life 
support, if applicable 

 Proportion of cases requiring Intensive 
Care Unit (ICU)/High Care Unit (HCU) 
admission  

 Hospital - and ICU/HCU length of stay 

 In-hospital mortality 

Tertiary Objectives To develop and validate prognostic 
and diagnostic algorithms.  

This is an exploratory objective. Some 
measures that could be included in 
algorithms are classifier gene sets based 
on host gene expression profiles, 
pathogen profiles, demographics, co-
morbidities, risk factors, and clinical 
parameters. The diagnostic/prognostic 
algorithms will be evaluated for their 
ability to correctly diagnose infecting 
pathogen and/or predict adverse outcome 
in ARI. 

To gain understanding into 
pathophysiological mechanisms 
contributing towards development of 
severe disease. 

This is an exploratory objective to increase 
pathophysiological insights by integrative 
(systems medicine) analyses of pathogen- 
and patient characteristics. Measures that 
will be included in these integrative 
analyses are host gene expression profiles, 
clinical data on disease 
progression/outcome, deep sequencing of 
pathogen genomes and microbiomes.  
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2. ABBREVIATIONS 

ARI Acute respiratory infection 

CI Chief Investigator 

CRF Case Record Form 

CRO Contract Research Organisation 

CURB-65 Severity Score (Confusion, Urea, Respiratory rate, Blood pressure, Age >65y) 

DAVID Database for Annotation, Visualization, and Integrated Discovery 

DM Data Management 

eCRF Electronic Case Record Form 

EDC Electronic data capture  

EDTA Ethylenediaminetetraacetic acid 

FDR False Discovery Rate 

GCP Good Clinical Practice 

GO Gene Ontologies 

GSEA Gene Set Enrichment Analysis 

HRV Human Rhinovirus 

ICH International Conference of Harmonisation 

JC Julius Centre 

MAQC MicroArray Quality Control  

MERMAIDS Multi-centre EuRopean study of MAjor Infectious Disease Syndromes 

NHS National Health Service 

NRES National Research Ethics Service 

PCR Polymerase Chain Reaction 

PI Principal Investigator 

PIL Participant/ Patient Information Leaflet 

PREPARE Platform for European Preparedness Against (Re-)emerging Epidemics 

PSI Pneumonia Severity Index / Fine Score 

PSP Project Specific Procedures 

REC Research Ethics Committee 

RO Research Online 

R&D NHS Trust R&D Department 

REC Research Ethics Committee 

RSV Respiratory Syncytial Virus 
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SOG Study Operations Group 

SOP Standard Operating Procedure 

SSC Study Steering Committee 

SST Serum-separating Tube 

WHO World Health Organisation 

WI Work Instructions 

WP3 Work Package 3 

 

3. BACKGROUND AND RATIONALE 

3.1 Background 

PREPARE (Platform for European Preparedness Against (Re-)emerging Epidemics) is a European 
Commission funded network for harmonised large-scale clinical research studies on infectious 
diseases. The long-term aim is to establish a network that is prepared to rapidly respond to any severe 
infectious disease outbreak, providing real-time evidence for clinical management of patients and for 
informing public health responses. For more information on PREPARE please visit our website 
(www.prepare-europe.eu). 

This study is part of the Multi-centre EuRopean study of MAjor Infectious Disease Syndromes 
(MERMAIDS), which comprises work package 3 (WP3) of the PREPARE platform.  

3.2 Current limitations in understanding the pathogenesis of acute 
respiratory infections 

Based on historic and recent pandemics or pandemic threats, as well as on knowledge of 
transmissibility and epidemiology, emerging or (re-)emerging pathogens causing acute respiratory 
infections (ARI) are considered the most likely candidates to cause the next pandemic. 

There is a substantial body of knowledge on clinical risk factors for disease severity and outcome of 
ARIs. Validated clinical risk stratification tools, such as the Pneumonia Severity Index (PSI) (1) and 
CURB-65 score (2) predict outcomes and help to guide clinical decision making. Patient groups at risk 
for developing severe disease are well known, such as the elderly, patients with chronic pulmonary, 
cardiovascular or metabolic disease or immunocompromised patients. In national guidelines for 
prevention and treatment of ARI these risk groups are often combined.  

However, the underlying pathophysiologic processes that determine the severity of ARI across the 
diversity of risk groups and pathogens likely differ and are not well understood. This means that within 
broad phenotypic ‘risk groups’ it is currently not possible to predict who is at increased risk of 
becoming severely ill. Consequently, there are no opportunities to tailor preventive and therapeutic 
interventions to individual risk. Personalised or precision medicine is becoming a reality in some areas 
of oncology, but has yet to enter infectious diseases (3). In patients that do become moderately or 
severely ill, there is an assumption that the underlying pathophysiological processes are the same, 
hence all patients will benefit equally from the same intervention, such as antivirals and 
immunomodulators. Increased insight into differences in underlying pathophysiological processes 
across clinical backgrounds and pathogens will open avenues for the development of predictive 
algorithms that anticipate severity at individual patient levels and direct strategies for individualized 
therapeutic interventions, hence improving clinical outcomes. Additionally, there may be 

http://www.prepare-europe.eu/
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commonalities in host- and pathogen-related factors that determine outcome which could be used in 
generic diagnostic (e.g. distinguishing viral versus bacterial infection(4,5)) and therapeutic approaches. 
This could be of relevance to the next emerging novel respiratory pathogen, hence contributing to 
clinical preparedness for a new epidemic threat. 

Analysis of the host gene expression profile (transcriptome) provides a high-resolution insight into host 
responses and pathophysiology, providing opportunities to understand the specific contributions of 
risk factors, comorbidities and pathogen-specific traits. As an example, human challenge studies using 
influenza virus, respiratory syncytial virus (RSV) and human rhinovirus (HRV) have indicated that 
peripheral blood gene expression profiles distinguish between specific viral aetiologies (6), and 
symptomatic and asymptomatic influenza virus infection (7,8), thus providing valuable insight into the 
development of clinical disease as well as avenues towards host-targeted approaches of aetiological 
diagnostics. 

3.3 Rationale for study design 

While experimental research remains essential to provide the foundations of our understanding of 
disease pathogenesis, detailed patient-oriented studies across the spectrum of clinical disease and 
aetiologies are needed to understand the complexities of ‘real-life’ pathogenesis of human infection, 
including the combined complex influences of age, comorbidities and co-infections with other 
pathogens in development of severe disease. This approach requires adequately sized and well defined 
cohorts with regards to age, presence of comorbidities and microbial aetiologies. To date, such patient-
oriented research in ARI has been limited to relatively small and heterogeneous groups of patients, in 
which data from patients of different ages with a diverse spectrum of comorbidities were usually 
combined (9–11). This makes identification of clinical background- or pathogen-specific 
pathophysiological pathways problematic if not impossible. In addition, most studies to date have 
focused on the severe end of the clinical spectrum (11–13). Although there are many genes that have 
increased expression regardless of the pathogen (14,15) differences are generally observed if the 
samples are taken early enough in the disease (16). There is also limited data on primary care patients 
and outpatients.  Finally, many studies have investigated a single time point (11,13,17–21); analysing 
more time points is required to fully understand the dynamic nature of the host transcriptional profile 
(7). 

Therefore, given the heterogeneity of clinical backgrounds and causative pathogens, the generation of 
meaningful insights into the relative contributions of host and pathogen factors to severe disease will 
require adequately sized cohorts of ARI patients across disease severities. The aim of the MERMAIDS 
ARI study is to establish such a cohort by enrolling sufficient numbers of patients across the most 
prevalent comorbidities (chronic pulmonary/cardiovascular/metabolic disease) and most prevalent 
pathogens (Influenza A, HRV, RSV and Streptococcus pneumoniae) with mild (community care) or 
moderately severe (hospitalised) ARI to have adequate statistical power to analyse differences in host 
response between these predefined subgroups. A small subset of ARI patients will progress to severe 
disease, as defined by the need for mechanical ventilation and/or death. 

3.4 Study Aims 

3.4.1 Determinants of ARI disease severity 

The primary aim of this study is to identify host and pathogen related determinants of disease severity 
of ARI. In this study we will include a prospectively defined and sufficiently sized patient cohort that 
will allow investigations of relative contributions of host and pathogen factors in development of mild, 
moderate and severe ARI. The sample size of this study is determined to provide adequate power to 
identify differences in RNA expression profiles between groups of patients with ARI stratified into 
groups by major categories of comorbidity (chronic pulmonary/cardiovascular/metabolic disease), and 
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the major causative pathogens (Influenza A, HRV, RSV and Streptococcus pneumoniae). Setting a high 
bar with regards to sample size, by basing our power calculation on the ability to detect differentially 
expressed genes between these predefined groups, will ensure the groups will be large enough to also 
compare less complex determinants of ARI severity, e.g. local and systemic innate and adaptive 
immune markers, and pathogen markers (e.g. pathogen load). 

Our analysis will identify differentially expressed genes between patients with different comorbidities 
within and across ARI aetiologies and severities by combining a fold change assessment (>2-fold 
nominal change expression levels) combined with a p<0.05 correcting for multiple comparisons using 
the Benjamini-Hochberg False Discovery Rate (FDR) < 0.05 in accordance with guidelines from the 
MicroArray Quality Control (MAQC) group (22).  

3.5 Aetiology, clinical management and outcomes of ARI across Europe 

This study will be the largest comprehensive study to investigate and compare aetiology, pneumonia 
severity scores, clinical management and outcomes of adult ARI across Europe, in both primary and 
hospital care. 

3.6 Diagnostic and prognostics markers 

Analysis of transcriptional profiles will give us unique insight into determinants of disease severity, and 
it may also provide diagnostic and prognostic biomarkers. These may include classifier gene sets for 
aetiological diagnosis and prognosis, as well as composite algorithms using genetic markers, cytokine 
profiles, demographics, clinical backgrounds, and clinical parameters. Furthermore, we will be able to 
validate biomarkers and biomarker profiles that have already been determined in other studies, such 
as cytokine profiles from the MOSAIC study in patients with severe influenza infection 
(http://www1.imperial.ac.uk/mosaic/about/).  

3.7 Pathophysiological mechanisms 

Using a systems medicine approach, integrative analysis of pathogen and patient characteristics (e.g. 
clinical data on disease progression, respiratory microbiota, pathogen genotypes etc.) will be 
performed in relation to RNA transcriptional profiles. With pathway analyses and gene network 
clustering and correlations, we aim to identify commonalities in host- and pathogen-related factors. 
Such commonalities, if identified, can inform management in case of a future (severe) ARI or other 
epidemics of unknown origin.  

4. STUDY DESIGN 

International, multicentre, prospective observational study. 

This study is designed to enrol sufficient subjects in each class of major pathogen (influenza virus, 
human rhinovirus, respiratory syncytial virus and Streptococcus pneumoniae) and comorbidity (no 
comorbidity, chronic pulmonary disease, chronic cardiovascular disease, and chronic metabolic 
disease) combination, in order to be adequately powered to detect 2 fold differences in host RNA 
transcriptome profiles between severity levels within each pathogen-comorbidity class. 
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5. OBJECTIVES AND OUTCOME MEASURES 

 Objectives Outcome measures 

Primary objective Identify host and pathogen related 
determinants of severity of 
community acquired acute 
respiratory infections (ARI) in adults. 

Differentially expressed host genes (≥ 2-fold 
difference in expression levels) as assessed 
by RNA transcriptome microarray in 
hospitalised and primary care managed 
cases of ARI, stratified by pathogen* and 
comorbidity**. 
*Influenza virus, Human Rhinovirus, Respiratory 
Syncytial Virus, Streptococcus pneumoniae;  **No 
comorbidity, chronic pulmonary disease, chronic 
cardiovascular disease, chronic metabolic disease 
(diabetes) 

Secondary 
objectives 

Describe the aetiology, clinical 
management and outcomes of adult 
patients with community acquired 
ARI, in both primary care and 
hospital care, across Europe. 

In both groups: 

 Prevalence of detection of putative 
pathogens in respiratory tract samples.  

 Proportion of cases receiving 
antibiotics, antivirals, antifungals and/or 
immunomodulators. 

 28 day mortality 
Additional in group 1 (primary care): 

 Proportion of cases requiring 
hospitalisation 

Additional in group 2 (hospitalised patients): 

 Severity of illness at enrolment as 
assessed by Pneumonia Severity Index 
(PSI) and CURB-65 

 Proportion of cases requiring during 
admission: supplemental oxygen; non-
invasive or invasive mechanical 
ventilation; extra-corporeal life support. 

 Duration of invasive mechanical 
ventilation and extra-corporeal life 
support, if applicable 

 Proportion of cases requiring Intensive 
Care Unit (ICU)/High Care Unit (HCU) 
admission  

 Hospital - and ICU/HCU length of stay 

 In-hospital mortality 

 

Tertiary Objectives To develop and validate prognostic 
and diagnostic algorithms.  

This is an exploratory objective. Some 
measures that could be included in 
algorithms are classifier gene sets based on 
host gene expression profiles, pathogen 
profiles, demographics, co-morbidities, risk 
factors, and clinical parameters. The 
diagnostic/prognostic algorithms will be 
evaluated for their ability to correctly 
diagnose infecting pathogen and/or predict 
adverse outcome in ARI. 



 

PREPARE|Multi-centre EuRopean study of MAjor Infectious Disease Syndromes  14 

 
Date and version No: 15-May-2020 V6.0       REC REF: 15/WM/0254         PREPARE WP3 Protocol - MERMAIDS ARI 
Clinical Research Protocol Template version 8.2                    CONFIDENTIAL 
© Copyright: The University of Oxford and Oxford University Hospitals NHS Trust 2014    

 Objectives Outcome measures 

To gain understanding into 
pathophysiological mechanisms 
contributing towards development 
of severe disease. 

This is an exploratory objective to increase 
pathophysiological insights by integrative 
(systems medicine) analyses of pathogen- 
and patient characteristics. Measures that 
will be included in these integrative 
analyses are host gene expression profiles, 
clinical data on disease 
progression/outcome, deep sequencing of 
pathogen genomes and microbiomes.  

 

6. PARTICIPANT IDENTIFICATION 

6.1 Study participants 

Group 1: Adults attending primary care with a new episode of community acquired respiratory tract 
illness 

Group 2: Adults admitted to hospital with a new episode of community acquired respiratory tract 
illness. 

6.2 Inclusion criteria Group 1 – primary care patients 

1) Age ≥ 18 years 

2) Patient is self-attending to primary care (i.e. not a home visit) 

3) Clinical suspicion of a new episode of acute respiratory tract infection 

4) Onset of the following symptoms within the last 14 days: 

i. Sudden onset of self-reported fever OR temperature of ≥ 38°C at presentation 

AND 

ii. At least one respiratory symptom (cough, sore throat, runny or congested 
nose, dyspnoea) 

AND 

iii. At least one systemic symptom (headache, muscle ache, sweats or chills or 
tiredness). 

6.3 Exclusion criteria Group 1 – primary care patients 

1) Patient lacks capacity to provide informed consent 

2) No informed consent is provided by patient 

3) The attending primary care physician decided to send patient to the hospital for assessment 
and possible hospital admission 

4) Patient has been previously enrolled in the MERMAIDS-ARI study 

6.4 Inclusion criteria Group 2 – hospitalised patients 

1) Age ≥ 18 y 



 

PREPARE|Multi-centre EuRopean study of MAjor Infectious Disease Syndromes  15 

 
Date and version No: 15-May-2020 V6.0       REC REF: 15/WM/0254         PREPARE WP3 Protocol - MERMAIDS ARI 
Clinical Research Protocol Template version 8.2                    CONFIDENTIAL 
© Copyright: The University of Oxford and Oxford University Hospitals NHS Trust 2014    

2) Clinical suspicion of a new episode of acute respiratory tract infection 

3) Patient is admitted to hospital 

4) Primary reason for hospital admission is clinical suspicion of a new episode of ARI 

5) Onset of the following symptoms within the last 14 days: 

i. Sudden onset of self-reported fever OR temperature of ≥ 38°C at presentation 

AND 

ii. At least one respiratory symptom (cough, sore throat, runny or congested 
nose, dyspnoea) 

AND 

iii. At least one systemic symptom (headache, muscle ache, sweats or chills or 
tiredness). 

6.5 Exclusion criteria Group 2 – hospitalised patients 

1) Patient lacks capacity to provide informed consent 

2) No informed consent is provided by patient 

3) Patient has been transferred from another hospital 

4) Patient has been previously enrolled in the MERMAIDS-ARI study 

 

7. STUDY PROCEDURES 

7.1 Screening and eligibility assessment 

Potential patients for the study will be identified by local PREPARE co-ordinators, clinicians, nurses, 
microbiologists or virologists and assessed against the eligibility criteria listed above and their 
eligibility recorded in the site study protocol.  A ‘Screening Log’ will be maintained of all the patients 
who undergo screening regardless of whether they decide to participate in the study. If there is a 
delay between introduction of the study/initial eligibility assessment and consent, then the recruiter 
must confirm all eligibility criteria are still met.   

7.2 Recruitment and informed consent 

The participant must sign and date the latest approved version of the Informed Consent form before 
any study specific procedures are performed.  

Written and verbal versions of the Participant Information Sheet and Informed Consent will detail the 
exact nature of the study; the implications and constraints of the protocol; and any risks involved in 
taking part. It will be clearly stated that the participant is free to withdraw from the study at any time 
for any reason without prejudice to future care, and with no obligation to give the reason for 
withdrawal. Participant Information Sheets will be available in the common local language. 

Written Informed Consent will be confirmed by the dated signatures of the participant and by the 
person who presented and obtained the informed consent. The person obtaining consent must be 
suitably qualified and experienced, and be authorised to do so by the Principal Investigator. A copy of 
the signed Informed Consent will be given to the participants. The original signed form will be retained 
at the study site. 
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7.2.1 Primary care 

Participants will be identified by practice staff as they present naturally to primary care with an acute 
respiratory infection. Alternatively, advertisements may be used to invite potentially eligible 
participants to contact a recruiting primary care site to enquire about joining the study. In the primary 
care practice, a GCP-trained doctor or research nurse will assess the participants’ eligibility and explain 
the study verbally to potential participants. They will also be given a Participant Information Sheet and 
allowed ample time to read it and ask questions. Consent will be taken by a GCP-trained doctor or 
research nurse. 

7.2.2 Secondary care 

Potential participants may be identified by a member of their immediate care team and asked to give 
a verbal consent to be approached by research staff who are not members of their care team. If they 
agree to this then the verbal consent will be recorded in the participant’s medical record. Written and 
verbal versions of the Participant Information Sheet and Informed Consent will then be presented by 
GCP-trained study staff. Consent will be taken by a GCP-trained doctor or research nurse. 

7.2.2.1 Study consenting procedures during the SARS-CoV-2 pandemic 

During the SARS-CoV-2 / COVID-19 pandemic, study procedures are adjusted to minimalize 
interference with clinical care and reduce the burden on the patient, especially with regard to 
shortages of personal protection materials. The following adjustments will be applied: 

Patients who are eligible for the study will be approached by a member of their healthcare team. 
Verbal information on the study will be provided. If the patient gives verbal informed consent to 
participate in the study, the study procedures will be executed. Verbal informed consent will be 
recorded in the patient notes. Once the patient is deemed non-infectious, a member of the healthcare 
team will undertake the informed consent procedure as stated in section 7.2.2. 

 

7.3 Withdrawal from study    

Patients are free to withdraw consent at any time without providing a reason. Patients who wish to 
withdraw consent for the study will have anonymised data collected up to the point of that withdrawal 
of consent included in the analyses. The patient will not contribute further data to the study. Data up 
to the time of withdrawal will be included in the analyses unless the patient explicitly states that this 
is not their wish.    

7.4 Co-enrolment 

Subjects may be co-enrolled in other studies if the study co-ordinators have been informed and have 
given their approval, to ensure the other study would not interfere with the results of this study or 
compromise patient welfare.  

7.5 Potential risks and benefits 

Since this is an observational study, we do not foresee any risks involved in participating in the study, 
and during the informed consent process the opportunity will be given to understand the objectives 
and any inconveniences of the study. Participating in the study will not directly benefit the participant, 
but will provide information on the burden, aetiology, risk factors, medical management and outcomes 
of the diseases and inform prevention, management and future research and management of 
emerging or (re-)emerging infections with epidemic potential. 
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7.6 Baseline assessments and subsequent visits 

Following provision of consent, baseline data will be collected from patient medical charts and/or 
patient interview.  Biological samples and information on treatment and care from subjects attending 
primary care (group 1) will be collected according to the schedule in Table 1a. They will have clinical 
baseline data and samples taken on day 0 and be invited for a follow up appointment on day 2 for 
sampling. 

For subjects admitted to hospital (group 2), samples and data will be collected according to Table 1b.  

Patients in both groups will be followed up at discharge and on day 28 for mortality. In order to avoid 
loss to follow up, in exceptional circumstances where a participant may not be able to attend hospital 
or their GP surgery/outpatient clinic, the day 28 follow up visit may take place in the participant’s home 
or their place of work.  

 

Table 1a. Schedule of procedures for subjects included in group 1 (primary care) 

Day 

0
 

1
 

2
 

2
8
†  

Eligibility screen X    

Informed consent X    

Baseline data X    

Nasopharyngeal Swab X   X 

Nasopharyngeal RNA X   X 

Physical examination X    

EDTA blood X  X  

RNA blood X  X X 

SST blood (serum) X   X 

Patient symptom scores X   X 

Concomitant meds X X X X 

Follow up of outcomes    X 
 
Day 0 = at initial presentation 
Day 2 = 2 days after initial presentation. Delay of Day 2 blood sample collection up to Day 4 will be permissible.     
† =  -3/+21days 
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Table 1b. Schedule of procedures for subjects included in group 2 (hospital admissions) 

Day 0
 

1
 

2
 

3
 t

o
 d

is
ch

ar
ge

 

A
t 

d
is

ch
ar

ge
^ 

2
8
†  

Eligibility screen X      

Informed consent X      

Baseline data X      

Nasopharyngeal Swab X    X X 

Nasopharyngeal RNA X    X X 

Tracheal aspirate# - - - -   

Bronchoalveolar lavage fluid (BALF)# - - - -   

Physical examination X      

EDTA blood X  X  X  

RNA blood X  X  X X 

SST blood (serum) X     X 

Clinical observations X X X X X X 

Concomitant meds X X X X X X 

Clinical management X X X X X  

Follow up for outcome      X 
 
Day 0 = within 24h of hospital admission 
Day 2 = 2 days after hospital admission. Delay of Day 2 blood sample collection up to Day 4 will be permissible. 
# = if available at any time from clinical diagnostic procedure 
^if discharged before or on day 2, then discharge samples will replace the day 2 samples 
† = -3/+21 days 

7.7 Clinical parameters 

7.7.1 From all subjects 

 Patient demographics and medical history, at enrolment 

 Description of clinical signs and symptoms, in the 14 days before enrolment and at 
enrolment (Day 0) 

 Physical examination, at enrolment (including respiratory rate and oximetry - see CRF 
for complete list) 

 Discharge/final diagnosis as determined by attending physician 

 Presence of febrile illness at day 28 

 Mortality at day 28 

7.7.2 Additional clinical parameters from Group 1 

 in the 14 days before enrolment to day 28: 

- All relevant laboratory results as ordered by routine care 

- All relevant prescribed medication (e.g. antivirals, antibiotics, antifungals, anti-
inflammatory drugs, steroids, other immune modulators, statins, ACE-
inhibitors/angiotensin receptor blockers). 

- Results of all relevant microbiological testing as ordered for routine care 
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- Percentage of patients admitted to hospital by day 28 

7.7.3 Additional clinical parameters from Group 2 

 Pneumonia Severity Index (PSI) at admission 

 CURB-65 severity score, at enrolment 

 Requirement of (at any time during admission): 

- supplemental oxygen  

- non-invasive mechanical ventilation 

- invasive mechanical ventilation 

- extra-corporeal life support 

 If applicable, duration of invasive mechanical ventilation and extra-corporeal life 
support 

 In the 14 days before admission to day 28: 

- All relevant laboratory results as ordered by routine care 

- All relevant prescribed medication (e.g. antivirals, antibiotics, antifungals, anti-
inflammatory drugs, steroids, other immune modulators, statins, ACE-
inhibitors/angiotensin receptor blockers). 

- Results of all relevant microbiological testing as ordered for routine care 

 Date of hospital admission and discharge, transfer or death 

 Date of high care unit/intensive care unit admission and discharge, transfer or death, 
if applicable 

 Clinical outcome: hospital discharge, transfer or in-hospital death 

7.8 Definition of co-morbid phenotypes 

A. Chronic pulmonary disease 

Definition: 

 Patients with confirmed COPD (chronic bronchitis or emphysema) OR possible COPD 
diagnosed by a Physician or the study team from data recorded in the clinical notes 

 Patients diagnosed with asthma by a Physician and on regular (or seasonal) 
treatment with inhaled corticosteroids 

 Patients with a diagnosis of Cystic Fibrosis or other bronchiectasis conditions 

 Patients on regular medical or supportive (O2) treatment for non-infectious 
Interstitial lung disease (e.g. pulmonary fibrosis, asbestosis, autoimmune) 

 Patients with neuromuscular pulmonary disease (e.g. Amyotrophic Lateral Sclerosis, 
Muscular Dystrophy, Myasthenia Gravis) 

B. Chronic cardiovascular disease1 
Patients diagnosed by a physician AND on regular medication or with pacemaker/VAD for any 
of the below: 

                                                             

1 WHO http://www.euro.who.int/en/health-topics/noncommunicable-diseases/cardiovascular-
diseases/cardiovascular-diseases2/definition-of-cardiovascular-diseases 
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 Coronary Artery Disease (e.g. Angina, Chronic Heart Disease, ischaemic or 
atherosclerotic heart disease)  

 Chronic / congestive heart failure  

 Cerebrovascular disease (ischaemic or haemorrhagic stroke, or transient ischaemic 
attack) 

 Congenital heart disease 

 Cardiomyopathy 

C. Metabolic disease - diabetes 
Patients diagnosed with Type 1 or Type 2 diabetes by a Physician or Nurse specialist AND 
requiring daily insulin or oral diabetes medication to control their diabetes. 

7.9 Laboratory assessments 

Laboratory samples to be analysed by the reference laboratories in Antwerp and Amsterdam, as 
described in Table 2. Laboratory samples will be labelled with a unique code allocated to each patient 
at enrolment. No patient identifiable information will be shared with the reference laboratory. Results 
will be reported back to study sites at the end of the study. 

Table 2: Laboratory assessments, ARI observational study 

Specimen Collection 
container 

Assay Archive 
sample in 
biobank 

Centralised/ 
Decentralised 
testing 

Flocked 
Nasopharyngeal 
swab 

UTM Viral 
Transport 
Media 

Identification and 
quantification of putative 
respiratory pathogens  

Yes Centralised 

Nasopharyngeal 
RNA 

RNA conserving 
NP swab kit 

Microarray analysis of host 
transcriptome 

Yes Centralised 

Blood EDTA 
vacutainer 

Innate and adaptive 
immune markers 

Yes Centralised 

Blood Tempus™ Blood 
RNA tube 

Microarray analysis of host 
transcriptome 

Yes Centralised 

Blood Serum-
separating 
vacutainer 

Soluble inflammatory 
mediators  and serum bank 
(PREPARE Task 3.2) 

Yes Centralised 

Tracheal aspirate/ 
BALF# 

Sterile 
container 

Pathogen identification, 
pathogen shedding 

Yes Centralised 

# = if available from routine clinical diagnostics 

7.10 Sample handling 

Sample handling will adhere to the PREPARE Multi-centre EuRopean study of MAjor Infectious Disease 
Syndromes (MERMAIDS) guidelines for sample handling. 

7.11 Standard of care for sampling from patients 

Samples taken for the purpose of medical management will, at all times, have priority over samples 
requested for research reasons. Research samples will, wherever possible, be collected at a time 
coinciding with samples taken for routine care.  
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7.12 Future use of samples 

Samples collected will be used for the purpose of this study as stated in the protocol and stored for 
future analyses that are relevant to the study questions. The standard consent form will request 
consent from subjects for sample storage and/or export of samples to collaborating institutions for 
investigations that cannot be performed locally. Any proposed plans to use samples other than for 
those relevant to the study question will be submitted to the relevant ethics committees prior to any 
testing. 

Any database will only identify participants by a participant number. Participant names or any other 
identifying details will NOT be included in the central database. Data may be used alone or in 
combination with data from related studies in secondary analyses. 

7.13 Medical management and safety reporting 

Medical management will be according to standard of care at the treating site and not a part of this 
research protocol. The research only includes collection of clinical information and specimens and 
therefore adverse event reporting is not applicable as there is no intervention. 

7.14 Discontinuation/withdrawal of participants from study 

Subjects can leave the study at any time for any or no reason if they wish to do so without any 
consequences. The investigator can decide to withdraw a subject from the study for urgent medical 
reasons. 

7.15 Definition of end of study 

The end of the study will be the date when all enrolled patients have completed their 28 day follow 
up. 

8. STATISTICS AND ANALYSES 

8.1 Statistical considerations regarding power calculation 

8.1.1 General approach to power calculation 

The primary aim of this study is to detect differentially expressed genes as assessed by RNA 
transcriptome, across all groups of major pathogens and major comorbidity groups. To determine the 
total number of subjects required to answer this question, these groups are firstly defined (8.1.2). Then 
the minimally required group size necessary to detect differentially expressed genes between two 
groups is determined (8.2). Based on the estimated prevalence of the pathogens and comorbidities, 
the power calculation is performed to determine the minimal amount of subjects in group 2 (8.3.1) 
and group 1 (8.3.2). 

8.1.2 Subgroup comparisons 

We have performed sample size calculation on the ability to detect differentially expressed genes with 
a statistical power of at least 90% between all groups across the major pathogens (influenza virus, 
human rhinovirus, respiratory syncytial virus and Streptococcus pneumoniae), and major comorbidity 
groups (no comorbidity, chronic pulmonary disease, chronic cardiovascular disease, and chronic 
metabolic disease in hospitalised patients, and between primary care patients without comorbidities 
(Figure 1). Basing our power calculation on these subgroups will subsequently provide enough 
statistical power to detect differentially expressed genes in a number of other aetiologies across these 
comorbidities as well as for our secondary study objectives. 
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Figure 1. Predefined relevant subgroups for power calculation 

 
A. This figure represents the predefined subgroups for each ARI aetiology (viruses and bacteria). The sample size 
estimation is based on achieving a statistical power of >90% for detection of differentially expressed genes in 
predefined subgroups (e.g. Influenza, HRV, RSV, Streptococcus pneumoniae). The statistical power to detect 
differentially expressed genes in other comorbidities in the above mentioned pathogens will vary (e.g. cancer/ 
immunosuppressive condition/obesity approx. 80-90%). B. This figure displays the subgroups in which we will 
analyse the differences and commonalities in the transcriptional profiles of hospitalised patients with a specific 
comorbidity across the different pathogens. The statistical power to investigate these comorbidities in other 
pathogens will vary (e.g. Parainfluenza virus >90% in chronic pulmonary disease and no comorbidity, 
coronaviruses approx. 50-80%). 

8.2 Estimation of minimally required group sizes 

We assume that the expression of each gene is normally distributed on the log scale and that the 
variance is the same in the different groups and thus the only difference between the groups is the 
mean. At an alpha of 0.05 and at an expected standard deviation of the gene intensity measurements 
on the base-two logarithmic scale of 0.7 (realistic for genes that are expressed at moderate to high 
levels), we expect to be able to detect 90% of >2 fold differentially expressed genes (i.e. an absolute 
effect size of 1 on a base-two logarithmic scale) between groups of 11 patients. These estimations are 
likely to be on the conservative side as we chose to err on the side of caution with regard to the chosen 
value for standard deviation.  The calculation was based on the Affymetrix HG U133plus2 microarray 
platform, which contains 54,515 probe-sets. 

Table 3. Results from power calculations 

 effect size in fold change 

power 2 1.75 1.5 

60% 5 8 15 

70% 7 10 18 

80% 8 12 23 

90% 11 16 31 

95% 13 20 38 
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8.3 Power calculation 

8.3.1 Number of hospitalised subjects needed 

Based on the demographic and clinical data from 9 large clinical studies (24–32) in patients 
hospitalized with ARI we can expect about 4.9% of ARI patients to be infected with Influenza A, 4.6% 
with RSV, 3.9% with HRV. If we include 1500 ARI patients we expect to find group sizes of at least 11 
in all groups across the major pathogens and major comorbidity groups (as shown in figure 1). This 
power calculation is based on detecting individual differentially expressed genes, which requires 
more power than detecting differentially/up- or down regulated pathways or clusters of genes.  

Table 4. Projected prevalence of pathogens in hospitalised ARI patients based on available literature 

PATHOGENS mean (range) % 

Influenza A 4.9 (4.8-5.0) 

RSV 4.6(2.0-7.2) 

HRV 3.9 (3.9-3.9) 

Streptococcus pneumoniae 6.9 (0.8-13.3) 

 

Table 5. Projected prevalence of comorbidities in hospitalised ARI patients based on available literature 

COMORBIDITIES mean (range) % 

Chronic pulmonary disease 31.6 (19.4-42.0) 

Chronic cardiovascular disease 20.9 (10.0-41.9) 

Chronic metabolic disease 23.0 (14.0-40.9) 

No comorbidity 35.8 (18.3-66.7) 

 

8.3.2 Number of primary care subjects needed 

Based on the demographic and clinical data from the GRACE cohort (Genomics to combat Resistance 
against Antibiotics in Community-acquired LRTI in Europe, http://www.grace-lrti.org/) in primary care 
patients presenting with ARI, we can expect about 9.9% of patients with influenza A infection, 4.6% 
with RVS and 20.1% with HRV. We expect 50% (range 45-65%) of ARI patients in primary care not to 
have comorbidities. If we include 500 primary care patients we expect to find group sizes of at least 11 
in patients without comorbidities infected with influenza virus A, HRV, RSV or Streptococcus 
pneumoniae. 

Table 6. Prevalence of pathogens in GRACE cohort 

PATHOGENS GRACE data (%) 

Influenza A 9.9 

RSV 4.6 

HRV 20.1 

Streptococcus pneumoniae 5.5 

 

  

http://www.grace-lrti.org/
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8.4 Statistical considerations regarding outcome measures 

8.4.1 RNA expression profiles 

Correction for Multiple Comparisons 

To control for multiple testing and reduce the false positive rate (FDR), stringent statistical criteria will 
be used to identify nominal 2-fold differentially expressed genes (i.e. effect size of 1 in absolute terms 
on a base-two logarithmic scale) with raw P-value < 0.05 and Benjamini-Hochberg False Discovery Rate 
<0,05. 

Dimension reduction 

Dimension reduction analysis of expression levels aims at identifying genes that vary the most amongst 
subjects and phenotypic classes, using methods such as Principal Component Analysis or Multi-
Dimensional Scaling. 

Class Discovery 

Class discovery, or unsupervised cluster analysis aims at grouping genes or samples or both, using 
solely measures of similarity of expression levels, using methods such as hierarchical clustering, K-
means clustering and bi-clustering in combination with resampling and bootstrapping.  

Supervised Classification Methods 

Supervised classification methods use information on existing, labelled classes to build a classifier, 
using methods such as linear discriminant analysis. Some methods combine class discovery and 
classification (33). 

Multiple testing 

Correction with multiple testing will rely on the False Discovery Rate method (34). Analyses will be 
performed using standard packages in R, version 3.1 (35). 

Gene regulatory networks 

A major task in transcriptome analysis is to derive the interaction between genes from the expression 
levels measured. Relations between genes are represented as a network representing genes as nodes 
and interactions as edges. Inference of such network is an active field of research and numerous 
methods exist and are being developed. Analysis of these networks allows the identification of highly 
connected genes and novel interactions (36–38). 

8.4.2 Pathway and network analysis 

Functional Annotation and Pathway Enrichment analysis 

One approach for functional grouping of genes identified as relevant from a statistical viewpoint is 
realized by utilizing gene ontologies (GO (39)). Statistical tools exist to identify enriched or depleted 
categories for a list of genes or proteins of interest. We will use Database for Annotation, Visualization, 
and Integrated Discovery (40) (DAVID) or BiNGO(41), and pathway databases like KEGG (42) and 
Reactome (43) to complement the functional ontologies. 

Gene Set Enrichment Analysis 

This type of analysis ignores what we already know about the biology of a system, and identifies 
enriched terms without regard for how they are related to one another. Gene Set Enrichment Analysis 
operates over the whole of the data from a microarray experiment, so no data points are lost prior to 
functional analysis. It also makes uses of prior knowledge to group sets of genes by related function, 
meaning that over-representation of a group of functions is considered, as opposed to isolated 
individual functions. The most commonly used tool for Gene Set Enrichment Analysis is GSEA (44). 
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Network clustering and correlation network 

Each gene is a node and each edge indicates co-expression of two genes under the conditions of the 
experiment. The use of correlation networks for gene expression data is supported by Cytoscape (45) 
using either the MCODE (46) or ClusterMaker (47) plugin. 

8.5 Statistical analysis of secondary outcome measures 

Statistical analysis of secondary endpoints will be descriptive in nature and include estimates of rates 
and proportions. Hypothesis testing is not envisaged to be a part of the statistical analysis of secondary 
endpoints. 

All participants with evaluable samples and informed consent will be included in the analysis.  

Proportions will be estimated for the prevalence of each pathogen in respiratory tract samples; the 
proportion of cases receiving antibiotics, antivirals, antifungals and/or immunomodulators; and 
proportion not surviving to 28 days post enrolment. Estimates will be presented for primary and 
hospital care groups separately, with 95% confidence intervals estimated using the binomial exact 
method. Additional binary endpoints will be analysed in the same manner. 

Time to event variables such as time to discharge (length of stay) or time on ventilation will be 
described using the Kaplan-Meier method. 

9. DATA MANAGEMENT 

9.1 Source data 

Source documents are original documents, data, and records from which participants’ CRF data are 
obtained. These include, but are not limited to, general practice and hospital medical records.  

CRF entries will be considered source data if the CRF is the site of the original recording (e.g. there is 
no other written or electronic record of data). In this study the CRF will be used as the source document 
for the documentation of inclusion and exclusion criteria, and baseline assessment information, which 
will include, but not be limited to, comorbidities and severity of symptoms. 

All documents will be stored safely in confidential conditions. On all study-specific documents, other 
than the signed consent and contact details form, the participant will be referred to by the study 
participant ID, not by name, including on all laboratory results. 

9.2 Access to data 

Direct access will be granted to authorised representatives from the Sponsor, host institution and the 
regulatory authorities to permit study related monitoring, audits and inspections. 

9.3 Data recording and record keeping 

Research Online (RO) is an electronic data capture (EDC) system that will be used for data collection. 
Web-based case report forms (eCRF) are implemented into the system to facilitate the study specific 
data collection. These forms can easily be accessed by all standard web browsers. Multiple validation 
and range checks will be programmed in the eCRF to assure complete and high quality data. Data that 
does not comply with these rules or ranges will generate a query that must be resolved immediately 
or at a later stage. Electronic workflows as multiple skip and jump rules will ensure that only 
information that is applicable to the patient will appear. After the data of last subject is entered, the 
database can rapidly be closed and data made available for further analysis and publication purposes. 
This data will not contain any patient identifiable information. 
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RO meets all requirements according to ICH-GCP standards for electronic data entry with respect to 
safeguarding data integrity and data security regulations. Users will have role based access to the 
system logging in using their personal username and password. The system will log all data entry steps 
with timestamps and user information. The role based access to the system will avoid unauthorised 
data access and prevents users from performing actions that they do not have authorisation for.  

Project management of the study is facilitated by the integrated real live study progress reports. RO 
data traffic over the internet is encrypted using secured data communication protocols. Dedicated 
databases and web servers are hosted in a secure data centre, the database (PostgreSQL) is backed up 
on a daily basis. 

The participants will be identified by a unique study specific number and/or code in any database.  The 
name and any other identifying detail will not be included in any study data electronic file. 

9.4 Standard procedures 

To assure high quality the data management (DM) department of the Julius Centre (JC), Utrecht, who 
will be responsible for the data management within the trial, works according to a Quality 
Management System. All work is carried out in accordance with our written Standard Operating 
Procedures (SOP) and Work instructions (WI). 

10. QUALITY ASSURANCE PROCEDURES 

The study will be conducted in accordance with the current approved protocol, GCP, relevant 
regulations and MERMAIDS Standard Operating Procedures. The monitoring will be performed by the 
MERMAIDS Study Manager or delegate; these tasks may be delegated to a qualified Organisation.  The 
level of monitoring required will be informed by a risk assessment. All investigators and study related 
site staff will receive training in study procedures and GCP. Regular study monitoring will be conducted 
as below to ensure that the rights and wellbeing of human participants are protected during the course 
of the study and that the data collected is credible and accurate. 

Governance of the study will be through the Study Steering Committee (SSC) and the Study Operation 
Group (SOG). 

The SSC will be the primary decision making body, with membership from partner institutions, a senior 
representative from each participating country, and other independent experts. Decisions of the 
Committee will be by consensus. Terms of reference for the SSC will set out the full details of the 
membership, operations and remit.  

The SOG will be led from the MERMAIDS Coordination Centre in Oxford and will report to the SSC. The 
SOG team will provide operational oversight and day-to-day management of the study to ensure 
compliance to follow up and critical factors such a retention and data quality. The team will comprise 
those with responsibility for the operational activities and so include study operations, data 
management and central laboratory. 

11. ETHICAL AND REGULATORY CONSIDERATIONS 

11.1 Declaration of Helsinki 

The Investigator will ensure that this study is conducted in accordance with the principles of the 
Declaration of Helsinki (64th WMA General Assembly, Fortaleza, Brazil, October 2013). 
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11.2 Guidelines for good clinical practice 

The Investigators will ensure that this study is conducted in accordance with relevant regulations and 
with Good Clinical Practice. 

11.3 Approvals 

The protocol, informed consent form, participant information sheet and any proposed advertising 
material will be submitted to an appropriate Research Ethics Committee (REC), and host institution(s) 
for written approval. This will be done in collaboration with Work Package 1 of the PREPARE 
Programme to ensure that the correct regulatory approvals are gained in each participating country. 

The Investigator will submit and, where necessary, obtain approval from the above parties for all 
substantial amendments to the original approved documents. 

11.4 Reporting 

The CI shall submit once a year throughout the study, or on request, an Annual Progress report to the 
REC Committee, host organisation and Sponsor. In addition, an End of Study notification and final 
report will be submitted to the same parties. 

11.5 Participant confidentiality 

The study staff will ensure that the participants’ anonymity is maintained. The participants will be 
identified only by a study ID number on the CRF and any electronic database. All documents will be 
stored securely and only accessible by study staff and authorised personnel. The study will comply with 
the Data Protection Act, which requires data to be anonymised as soon as it is practical to do so. 

11.6 Expenses and benefits 

Participants will be reimbursed for their time and travel expenses for all study visits in additional to 
normal care. This reimbursement will be made in the form of gift card(s) or voucher(s) given once the 
day 28 visit has been completed. No cash payments will be made. The maximum total reimbursement 
per participant for all study visits will be 70 Euros (or equivalent in a different currency). 

11.7 Other ethical considerations 

This observational study will not exclude pregnant women or older participants. We are aiming to 
include as broad a range of samples as possible to be representative of the general population. 

It is expected that 2-5% of hospitalised participants might lose capacity at some point during the study. 
Should this occur, these participants would not be withdrawn from the study. In the UK, and other 
countries with similar ethical requirements, participants will be asked for their prior consent to 
continue the collection of study data and samples should they later lose capacity. This will be explained 
fully during the consent process and consent for use of data and samples will be reconfirmed verbally 
when/if they regain capacity. The prior consent is optional so participants may opt-out and would be 
withdrawn from the study should they become incapacitated. Proxy assent will also be sought in order 
to continue collecting study samples on participants who have lost capacity. 

12. FINANCE AND INSURANCE 

12.1 Funding 

The study is funded by the European Commission. 
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12.2 Insurance 

The University has a specialist insurance policy in place, which would operate in the event of any 
participant suffering harm as a result of their involvement in the research (Newline Underwriting 
Management Ltd, at Lloyd’s of London). NHS indemnity operates in respect of the clinical treatment, 
which is provided. 

13. PUBLICATION POLICY 

The Investigators will be involved in reviewing drafts of the manuscripts, abstracts, press releases and 
any other publications arising from the study. Authors will acknowledge that the study was funded by 
the European Commission. Authorship will be determined in accordance with the ICMJE guidelines and 
other contributors will be acknowledged.  
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