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Summary and general discussion

SUMMARY AND GENERAL DISCUSSION

Respiratory tract infections are among the most common infections treated by health care
practitioners. These infections are characterized by microbes invading the respiratory tract
and eliciting an inflammatory response. Lower respiratory tract infections, the infections
below the vocal cords, are divided into pneumonia, bronchopneumonia and bronchitis.
Acute lower respiratory tract infections are defined by symptoms and signs lasting for less
than three weeks. In the Netherlands, the average patient with a community-acquired
acute lower respiratory tract infection most likely has either a viral or a bacterial etiology
of infection or a combined infection with both a virus and a bacterium playing a role (1-4).
Yearly in the Netherlands, such infections account for about 50.000 individuals admitted to
hospital (www.zorgatlas.nl). Globally, lower respiratory tract infections are the third cause
of death, and responsible for the death of about 3.0 million people worldwide in 2016 (5).

In general, the occurrence and outcome of an infection is determined by the complex
interaction of host, microorganism and environment. Also in patients with an acute lower
respiratory tract infection the specifics of the host’s inflammatory response to the caus-
ative microorganism(s) plays a determining role in the course of disease. An uncontrolled
or exacerbated inflammatory response may result in ‘collateral’ damage to the lung tissue,
and in severe cases, result in severe acute lung injury (such as Acute Respiratory Distress
Syndrome) and consequently, severe morbidity and high mortality (6, 7). Somehow, the
host must titrate its inflammatory response in such a way as to ensure a delicate balance
between an inflammatory response adequate to eradicate the causative microorganism
while precluding inadvertent tissue damage. In other words, the inflammatory response
should successfully sterilize the infected part of the respiratory tract without causing ‘col-
lateral’ damage of lung tissue and lung architecture (7). In some infections, e.g. tubercu-
losis, the host response does not seek to sterilize the lung tissues but rather mitigate and
lock up the microorganisms in delicate granulomas that may remain for life.

Currently, the best way to prevent excessive lung injury is to detect and identify patients
with pneumonia or lower respiratory tract infection as early as possible in the course
of their disease, in particular those with an increased risk for a complicated course (8).
Early and adequate treatment is one of the best predictors of advantageous outcome. In
essence, this strategy focuses on the assessment of the intensity of the host inflamma-
tory response as predictor of potential derailing of the immune response. This is done by
combining information of the medical status of the host (e.g., any underlying conditions
that may deteriorate during the stress of infection or limit his or hers ability to mount an
adequate immune response), the current host response (e.g., temperature, shortness of
breath, respiratory rate, consciousness) and the assessment of biomarkers reflecting the
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host’s inflammatory response (e.g., C-reactive protein, procalcitonin and the like). This
evaluation is considered in the context of local and current epidemiology of respiratory
disease pathogens (e.g., complaints occurring in yearly influenza season, following holi-
day, etc.) and may result in swift initiation of empiric therapy or a cautious waiting posture
and follow-up.

In short, while it may be best to prevent an infection altogether by, for instance, vacci-
nation, clinician’s efforts should be directed at the early detection of potentially severe
respiratory tract infections, and their ability to distinguish these from harmless ones. Fi-
nally, in case of a severe infection, treatment strategies should be directed at attenuation
of an overwhelming host immune response that causes excessive tissue damage. Most of
these aspects are covered in this thesis, some more loosely and some in detail, and are
summarized in the following paragraphs.

PREVENTION BY VACCINATION

To prevent lower respiratory tract infections, in many cases, it is possible to vaccinate
against the pathogens causing these infections like Streptococcus pneumoniae and the
influenza virus. Against other pathogens like RSV, vaccines are being developed. For re-
spiratory pathogens against which a vaccine is available, immunization is a cost-effective
way to prevent respiratory tract infection. Among others, influenza vaccination is recom-
mended in the Netherlands for subjects with an increased risk for influenza complications,
for example elderly, immunocompromised, and patients with comorbidities (9). The influ-
enza virus causes yearly epidemics, which on average last for eight to twelve weeks. The
clinical spectrum varies from asymptomatic infection, mild to moderate illness, to severe
acute respiratory tract infection (SARI) which requires hospitalization and can even result
in death in a small minority of patients (10).

Influenza vaccination provides the best protection in individuals who mount the most
robust immune response, namely the young and immunocompetent subjects. The ability
of the influenza vaccine to induce protection is reduced in the elderly, frail, and immu-
nocompromised patients (11-13). These vulnerable patients would benefit most from an
adequate protection by vaccination as these are the patients with an increased risk of a
complicated course of the disease. Primarily in this group of patients, prevention would
lead to a reduction in the societal burden of disease and mortality due to the influenza
virus. If a weak or even absent immune response to vaccination in these vulnerable pa-
tients cannot offer protection, vaccination of close contacts may prevent the introduction
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of a pathogen in the proximity and thereby preclude exposure and infection in the most
vulnerable (i.e., through ‘herd immunity’).

Hospitalized patients or patients in long term care facilities are most often older, frail,
or immunocompromised. Among others, these include individuals in need for care after
surgery, after an acute cardiovascular event, receiving cancer treatment, and geriatric
patients with cognitive impairment. Studies have shown that these individuals have a
relatively weak immune response to the influenza vaccine and are therefore only margin-
ally protected against influenza infection after vaccination. On the other hand, health care
professionals, who are at increased risk of acquiring influenza from their close contact
with symptomatic and asymptomatic influenza patients (14), generally will mount an
adequate, protective immune response after vaccination. Thus, immunizing health care
professionals against influenza virus may help to protect vulnerable patients by minimiz-
ing, or at least reducing, exposure to this pathogen.

Unfortunately, influenza vaccination coverage has been low among health care profes-
sionals, both physicians and nurses alike. In Europe, this coverage was below 30%, and in
Dutch hospitals in 2012 median vaccination coverage amounted to 13% (15, 16). Still, the
low acceptance of vaccination such as the one against influenza, goes against the prin-
ciples of “first do no harm’, i.e., delivering safe care, and the low vaccination rate among
care providers puts vulnerable patients at risk for acquiring influenza infection during
hospitalization (17, 18).

In Chapter 7, we discuss the severe influenza season 2017/2018 and note the low per-
centage of health care professionals who had received the influenza vaccination in the
months prior to the season. Hospitals struggled to meet the demand for care, with high
numbers of patients with influenza and its complications visiting the hospitals, and at
the same time decreased hospital capacity due to flu-related sick leave of hospital staff.
A call was made for 100% influenza vaccine coverage among health care professionals.
High coverage will prove beneficial to the employer and employees since non-attendance
among employees will be reduced during peak demand and thus ensure continuity of
care capacity. It will also have a positive impact in terms of patient safety and will boosts
professionalism, through improved protection of vulnerable patients against nosocomial
influenza infection.

Many strategies have been implemented to improve vaccination coverage among health
care workers, some with more success than others. In recent years a few best practice
hospitals increased their coverage to 50%, by using both education and easy-access vac-
cination, information via various media, stimulating internal competition and a public
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debate about the importance of safe care for susceptible patients. The chapter contributes
to this debate by reviewing evidence regarding different strategies and prioritized vacci-
nation of health care professionals in all domains of health care institutions. In October
2018 the Netherlands Federation of University Medical Centres (Nederlandse Federatie
van Universitair Medische Centra, NFU), the Dutch Hospital Association (Nederlandse
Vereniging van Ziekenhuizen, NVZ), the Dutch Association of Medical Specialists (Federatie
Medisch Specialisten, FMS) and the Dutch Association of Nurses and Nursing Assistants
(Verpleegkundigen & Verzorgenden Nederland, V&VN) initiated a campaign to improve
influenza vaccine coverage among health care professionals. So far, education and cam-
paign materials have been made available for all health care institutions.

These improvements and initiatives come along with a public discussion about vaccine
policyin general. For example, the measles outbreak in Europe has led to public discussion
about mandatory vaccination of children attending daycare (19). As unvaccinated children
pose a risk of introducing measles into the daycare center, parents and policymakers dis-
cuss the obligation of protecting an individual child and its playmates that are attending
the same daycare center, or the parents’ right to choose what they think is best for their
kids. In the daycare settings, how should we weigh a parents’ right not to vaccinate their
child against the rights of parents to a safe environment for their young children until vac-
cination can effective protect their child? Similarly, in healthcare, the discussion regarding
influenza vaccination for health care workers and the patients they care for is in the same
spectrum. So why do healthcare professionals refrain from yearly influenza vaccination?

Impediments for healthcare workers are, among others, their own good health status, the
fact they do not perceive symptomatic influenza virus infection as a problem themselves,
accessibility, or time constraints. A mandatory influenza vaccine for health care workers
could overcome the majority of these issues but does not seem feasible in the Netherlands
with respect to employee autonomy. In the United States, temporary mandatory influenza
vaccination has resulted in a sustained high influenza vaccine coverage among health care
workers (20), even after stopping the mandatory nature of the vaccination.

Another explanation may be thatitis notvaccination in general thatis the issue that causes
hesitancy, but rather the influenza vaccine for which vaccination needs to be repeated
every year. The lack of sustained protection and the lack of assurance about a protective
effect may cause restraint among health care workers. However, currently the vaccination
is the best we have.

These factors could be equally important since hepatitis B vaccination has never led
to much controversy in the Netherlands, and coverage is between 85 and 93% among

220



Summary and general discussion

European countries (21). Introduction of the quadrivalent influenza vaccine during the
2019 influenza vaccination campaign may improve both protection against the circulating
influenza strains in the forthcoming season and the confidence of healthcare workers in
this vaccine. A major improvement in protection is expected from universal influenza vac-
cines; these are however still in the early stages of development (22, 23).

Another target group in which improvement in vaccination coverage is needed is the in-
creasing number of patients treated with immune checkpointinhibitors (immunotherapy).
In recent years, immunotherapy has become standard treatment for several malignancies
across all tumor stages, for example, against lung cancer, melanoma, and head and neck
cancer. The immune system plays a critical role in fighting off cancer by detecting and
controlling the proliferation of malignant cells (24, 25). T-cells are key players in the anti-
tumor immune response, and these cells have, therefore, been an important target for
immunotherapeutic interventions. Tumor cells interfere with immune checkpoints on
activated T cells to trigger inhibitory pathways that downregulate the intensity and the
extent of the immune response, thus giving tumor cells a chance to proliferate. The anti-
tumor response of the immune system can be enhanced by blocking these checkpoints
with specific inhibitors. These immune checkpoint inhibitors have side effects reflecting
their pharmacodynamic properties as they may lead to immune (activation)-related ad-
verse events (e.g., encephalitis, colitis, pneumonitis) by ‘overstimulation’ of the immune
system (26). Consequently, 17-54% of patients on various immune checkpoint inhibitors
will have an (auto)immune-related adverse event (27).

Patients with cancer are often older and have (pulmonary) comorbidity and would, there-
fore, benefit from influenza vaccination. In addition, the influenza-like illness may lead
to temporary interruptions of cancer treatment. Therefore, cancer patients, in particular
the ones receiving chemotherapy, should be given yearly influenza vaccinations (28). This
would apply for cancer patients treated with immune checkpoint inhibitors as well. How-
ever, in 2018, a Swiss research group observed an increased incidence of immune-related
adverse events after influenza vaccination in a small cohort of patients treated with im-
mune checkpoint inhibitors (n=23) (29). This observation has withheld physicians from
advising influenza vaccination for their patients receiving immunotherapy.

In Chapter 6, we describe that seasonal influenza vaccination is safe in patients who are
treated with immune checkpoint inhibitors. In our retrospective cohort of lung cancer
patients treated with immunotherapy, there was no difference inimmune-related adverse
events between patients who received the influenza vaccination and the ones that did
not. Moreover, our results were recently confirmed in a cohort of 370 patients receiving
immune checkpoint inhibitors in New York. The incidence of immune-related adverse
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events among influenza vaccine recipient was not higher than the incidence reported
in previous reports (30). Although there are some methodological concerns about that
study (31), both that and our study demonstrate that influenza vaccination can safely
be administered to patients who are treated with immune checkpoint inhibitors. Along
with the biological implausibility of increased immune-related adverse events triggered
by influenza vaccination, these studies strongly advocate influenza vaccination for cancer
patients receiving immunotherapy. Still, an Italian group is planning to conduct a prospec-
tive study to confirm our findings (32).

Interestingly, the study in New York also demonstrated a very low incidence of influenza
virus infection in patients treated with immune checkpoint inhibitors who received influ-
enza vaccination (30), lower than the incidence in the rest of the institution. This observa-
tion may be explained by the fact that these agents enhance vaccine-induced protection.
In accordance, another study demonstrated a significantly higher seroconversion rate in
patients with immune checkpoint blockade, indicating a more potent immune stimula-
tion (29). Similarly, in a rhesus macaque model, an immune checkpoint inhibitor (PD-1
blockade) caused an increased T cell response after vaccination with adenovirus vectors
encoding SIVgag (33). This enhanced T cell response could improve vaccine response and
effectiveness. The exact mode of action (e.g., enhanced humoral or cellular responses?)
still needs to be determined, and strategies to use this mechanism for vaccine improve-
ment need to be evaluated in clinical trials.

In the group of patients on immunotherapy, the balance between too much inflammation
leading to side effects, enough inflammation leading to a robust immune response against
cancer and vaccine antigens, and too little immune response leading to tumor cell prolif-
eration, is delicate. In any case, seasonal influenza vaccination can safely be advocated in
cancer patients receiving immune checkpoint inhibitors.

Regarding influenza vaccination in health care workers, future studies should determine
which (combination of) strategies are best to improve vaccination coverage, ideally up to
100%. For the patients on immune checkpoint inhibitors, assessment of the enhanced im-
mune response against vaccination and its mode of action, will provide a basis to design
(adjuvants for) an improved influenza vaccine.
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EARLY DETECTION OF LOWER RESPIRATORY TRACT INFECTIONS:
THE COMMUNITY PERSPECTIVE

Early detection of an infectious disease in an individual patient is essential to be able to
initiate treatment as early as possible, to - as demonstrated in several studies - improve
outcome. Early detection of an infection is, however, not only essential for the individual
concerned but can also be beneficial for the community around this patient, by limiting
ongoing exposure and spread of disease.

Dutch public health care authorities detect and monitor potential outbreaks of infectious
diseases. In three diverse ways, curative care partners notify public health care authorities.
First, microbiological laboratories and doctors are obliged to report infections from the list
of notifiable diseases. Since a microbiological diagnosis is usually required, there is a time
lag in this way of notifying diseases. Secondly, clusters of disease, for example diarrhea in
institutions such as nursing homes, are reported to local public health care authorities.
These outbreaks are most often local, affecting a single institution. Thirdly, any other
unusual number of patients with a syndrome (a specific set of signs and symptoms) of
likely infectious etiology that could potentially threaten public health, should be reported
within 24 hours. In current practice, the third type of outbreaks is hardly ever reported.

In order to help preclude major regional outbreaks like the Legionella cluster in 1999 and
the Q fever outbreak in the first decade of the twentieth century, and to automate the third
pillar of the notification system, we developed and tested an automated, real-time cluster
detection tool for infectious diseases. This Integrated Crisis Alert and REsponse System
(ICARES) covers all regional health care facilities where patients would present with a
new infectious disease (general practices and hospitals, 24/7 coverage). In Chapter 2, we
describe that ICARES was able to detect and monitor local outbreaks of infectious diseases
in real-time. We used the current coding systems in primary care (ICPC) and hospital set-
ting (DBC/DOT coding for reimbursement from insurance companies). The codes in these
systems represent syndromes. In addition to respiratory tract infections, i.e., a prevalent
syndrome presenting to both GP and hospital with a seasonal pattern, we evaluated hepa-
titis and meningoencephalitis. These are less frequent infectious diseases without a clear
seasonal pattern. Meningoencephalitis is a severe disease that is most likely diagnosed in
hospitals, whereas a potential outbreak of hepatitis could be diagnosed at primary care or
in hospital, depending on the type of outbreak.

ICARES demonstrated that it is possible to monitor and follow the numbers of patients
with the three syndromes in real-time. During the study, ICARES detected a local outbreak
of meningoencephalitis. Later, this small outbreak turned out to be part of a national
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increase in the incidence of patients with enterovirus meningoencephalitis. Although the
effort needed from general practitioners and hospitals to make the system work was lim-
ited, and the daily effort to check the ICARES dashboard by public health care authorities
seemed well-arranged and limited, implementation of the ICARES tool proved difficult.

After completion of the ICARES study, we hypothesized that insufficient involvement of
knowledge users during protocol development and execution of the study could have
affected final implementation. Public health interventions are often complicated because
the breadth of the public health base is vast, encompassing not only medical, but also
social, political, economic, and cultural factors (34). The absence of a robust, auto-
mated, real-time cluster syndromic surveillance system in public health seems a critical
omission. However, we may have assessed the public health need for such a swift and
almost instantaneous notification system insufficiently. For instance, the system may put
too much emphasis on the delay between syndromic surveillance and microbiological
diagnostics, and uncertainties what to do in the interval. This may have contributed to
insufficient implementation of ICARES in the daily practice of local health care authorities
in the Leiden-The Hague area and may have hampered further efficiency study of ICARES
in the Netherlands. In addition, the ICARES study team could have put more emphasis on
effectiveness and implementation of ICARES by using accessible and preferred formats for
public health workers (35).

The syndromic surveillance approach is nevertheless promising. Syndromic surveillance
systems rely on automated data collection and analysis from various healthcare sources,
for example, hospitals and general practitioners, on a near real-time basis. Most often, ex-
isting data are used. These systems monitor the spread and impact, or absence of impact,
of known or as yet unknown events, often an infectious disease, in the population based
on the presentation of signs and symptoms (36). As microbiological diagnostics take time
and because for new, emerging infections diagnostic tests are not readily available, signs
and symptoms are the first expressions of disease. In case this involves multiple patients,
these could be the first signs of a potential outbreak. Syndromic surveillance appears to
be a useful tool for public health preparedness in multiple settings. Larger outbreaks,
such as influenza, are consistently detected in a timely manner. However, the data source
determines what kind of outbreak can be detected, and the performance of the syndromic
surveillance may vary geographically and seasonally (37). Syndromic surveillance is also
useful to provide real-time data about the burden of disease, in particular to reassure
policymakers and the public during an outbreak with only a marginal burden of disease
(38). Besides surveillance properties, public health requires credible and rapidly available
information to allow informed decisions on response and control of emerging (infectious)
threats (39).
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During the ICARES project, another use for our syndromic surveillance tool became
evident. In 2015, the National Institute for Public Health and the Environment in the Neth-
erlands (RIVM) started the project ‘Severe acute respiratory infections, the missing link in
the surveillance pyramid’. In line with recommendations of the World Health Organization
(WHO) and the European Centre for Disease Prevention and Control (ECDC), this project
developed and implemented sustainable surveillance of severe acute respiratory infec-
tions (SARI) in the Netherlands (40). As most preventive strategies are aimed at reducing
the burden of disease in the most severely ill patients, SARI surveillance is required to
monitor this. From that perspective, SARI surveillance has added value to surveillance
of influenza-like illness (ILI) in general practice. Because syndromic surveillance is use-
ful to detect and monitor respiratory infections, we adapted the ICARES tool to provide
syndromic data from two regional hospitals to this SARI surveillance (37).

In Chapter 3, we describe the differences in incidence in ILI in general practice and SARI
in hospitals. Interestingly, in the majority of respiratory infection seasons, the peak in
incidence in severe acute respiratory infections (SARI) in hospitals precedes the peak in
primary care (ILI). Reasons for this are unclear from our study, and several hypotheses
should be evaluated. For instance, we hypothesize that other viruses than influenza could
contribute to the early peak in SARI patients. New data confirming the specific viral cause
are needed to determine whether this hypothesis is correct. As the source of our data were
DBC codes, SARI surveillance does not provide information about the causative agent. In
new outbreaks, early disease confirmation is paramount to initiate an adequate response.
The various causative agents may have different sources and thereby require different
control measures. An association between the peak in SARI incidence and microbiological
surveillance systems, such as the national virologic surveillance (41) could be evaluated
retrospectively. This does, however, not provide causal relation between the cases from
the SARI surveillance and the virologic data since a patient identifier is unavailable in the
latter system. Also, historical data do not allow a response to an outbreak or epidemic,
and annual peaks may not be caused by the same pathogen every year. A new prospective
design would be more practical, with syndromic surveillance for early detection and moni-
toring of the burden of disease combined with microbiological results of the individuals
with the syndrome to allow appropriate measures for source detection and response.
However, to build an automated link between the individual patient who is part of a cluster
of cases, and their microbiological test results, is controversial. Within the hospital data in
ICARES, an encrypted patient identification number is enclosed. Encryption ensures that
the data do not contain identifiable patient information. Only the principal investigator at
the hospital is able to decrypt these codes. Privacy concerns could become an obstacle for
this linkage (42).
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In addition, the demand for hospital admission is high in the frailest, high-risk part of the
population who are infected with a respiratory virus. Yearly influenza epidemic coincides
with an increase in mortality in the elderly (>65 years of age). Influenza is very likely an
important contributor to the observed excess mortality among the elderly (43). SARI
surveillance incorporating demographic data of individual patients may contribute to the
understanding of the presumed causal relation between respiratory virus infection, i.e.,
influenza, and the excess in mortality during flu season.

Moreover, influenza dynamics may vary between different age groups (44). Transmission
dynamics in the elderly are different from that in other age groups. Elderly in a long-term
care facility may transfer respiratory virus infections readily to their roommates, thus
facilitating a small and more severe peak in influenza incidence. The frail elderly subgroup
is the group that is likely to visit a hospital. The frailest are likely the first to present with
disease, and this may be (part of) the explanation why the hospital peak in SARI cases
precedes the peak in influenza-like illness cases in the community.

Prospective studies on dynamics of ILI and SARI incidence should validate our finding. In
addition, understanding of the differences are important to target preventive strategies
in the future. Outbreak detection and follow up with syndromic surveillance could be
improved when microbiological results are added. Research using these two data sources
is necessary, for example in regions with emerging infectious diseases.

EARLY DETECTION OF LOWER RESPIRATORY TRACT INFECTIONS:
THE PRIMARY CARE PERSPECTIVE

The individual patient with an acute lower respiratory tract infection in primary care
is only mildly to moderately ill and can usually be treated and managed by the GP, at
home. Respiratory tract infections in this setting are most often viral and are self-limiting.
Viral respiratory tract infection often presents as upper respiratory tract infection or as
bronchitis, a manifestation of lower respiratory tract infection. These infections have an
excellent prognosis, and a wait-and-see strategy is generally appropriate (45-47). Another
form of lower respiratory tract infection is pneumonia. This type of disease is often caused
by bacteria and therefore, pneumonia frequently requires antibiotic treatment. However,
in primary care patients with an acute lower respiratory tract infection, the differentiation
between the ones who benefit from antibiotic treatment, i.e., having pneumonia, and the
ones that do not, i.e., having bronchitis, is difficult. Clues to determine the diagnosis are
needed. Unfortunately, history and physical examination lack sensitivity and specificity
to diagnose pneumonia (48). Recently, several studies evaluated the use of biomarkers
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to determine their added value in combination with clinical characteristics to positively
diagnose or rule out pneumonia (49). Compared to procalcitonin (PCT) and midregional
proadrenomedullin (MR-proADM), C-reactive protein (CRP) proved to be the only useful
predictor for the presence of pneumonia on a chest X-ray (Chapter 5). However, none of
the various prediction rules for pneumonia have sufficient sensitivity and specificity to
predict pneumonia (50, 51).

In the Dutch guideline ‘Acute Cough’, a diagnostic algorithm is defined to help the GP to
identify the patients with an acute respiratory tract infection who would benefit from
antibiotic treatment and the ones who would not. The most severely ill patients with
abundant inflammation most likely have bacterial pneumonia and should, therefore, be
treated with antibiotics. Mildly ill patients most likely have viral disease and a wait-and-
see strategy without antibiotics is recommended. The moderately ill group is the most
challenging group to select appropriate treatment for. In these, a low CRP can exclude
pneumonia with reasonable certainty, irrespective of history, comorbidity, and physical
examination, while an elevated CRP greatly increases the chance of pneumonia (51, 52). A
recent meta-analysis ascertained that even when clinical variables are taken into account,
the CRP test can help to confirm or exclude pneumonia (49). For these reasons, a CRP test
is indicated in the Dutch guideline in moderately ill patients. A low CRP value (<20 mg/l)
rules out pneumonia; these patients should not be treated with antibiotics. On the other
hand, a high CRP value (> 100 mg/l) makes pneumonia more likely and these patients
should be treated with antibiotics. With intermediate results (CRP values between 20 and
100 mg/l), the decision whether or not to start antibiotics is left to the clinician evaluating
the clinical presentation and risk factors for a worse outcome (8). Studies that evaluate
whether the CRP point-of-care test reduces the number of antibiotic prescriptions show
variable results (53, 54).

The ‘gold standard’ for establishing pneumonia is the chest X-ray. A chest X-ray in outpa-
tients, however, does not improve outcome (55, 56). Moreover, a chest X-ray is not readily
available in primary care; patients must be referred to a hospital. For these reasons, a chest
X-ray is not routinely recommended in patients attending their general practitioner (GP)
with suspicion of community-acquired pneumonia. General practice guidelines do not
provide clear guidance when to order a chest X-ray in specific patients with acute respira-
tory infections (8, 57). Despite that, in 22% of patients with a suspected lower respiratory
tract infection, a chest X-ray is requested (58).

In Chapter 4 we describe the use of the above additional diagnostic tests among GPs in
the Netherlands. GPs who have the CRP test at their disposal (54% of the GPs in our study)
tend to request fewer chest X-rays. This is in line with a previous Scandinavian study (59).
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The most important reason to request a chest X-ray is to confirm or rule out other abnor-
malities than pneumonia. Lung cancer was the most frequently reported condition GPs
wanted to exclude. Uncertainty about the presence or absence of pneumonia is not the
most frequently used reason. GPs feel quite confident about their diagnosis of the respira-
tory tract infection, based on clinical signs and symptoms, with or without CRP test. Still,
GPs overestimate the pre-test chance that a consolidation will be present in the patients
that they refer for chest X-ray. The overestimation in this subgroup of patients is however
not reflected in the overall antibiotic prescribing behavior of Dutch GPs. Antibiotics are
used more restrictively by GPs in the Netherlands than by many of their colleagues in other
European countries (60).

It would be of interest to determine the added value of a biomarker in the patients with an
acute respiratory tract infection who are referred for other reasons than to confirm or rule
out pneumonia. A consolidation on the chest X-ray in these patients would compromise
the detection of other pathologies, such as a lung tumour. If clinical signs and symptoms
combined with a biomarker, result in a high pre-test chance of the presence of pneumonia,
it would be feasible to initiate antibiotic treatment and postpone the chest X-ray a few
weeks until the suspected pneumonia has resolved and a potential malignancy can be
ruled out or confirmed more confidently.

In the study described in Chapter 5, we evaluate a cohort of patients with an acute re-
spiratory tract infection who had been referred by their GP for a chest X-ray, so that we
could identify predictive factors for the presence of pneumonia. The findings of this study
might have been complicated by the inhomogeneous patient population at the radiology
department if a considerable proportion was not referred to confirm or rule out of pneu-
monia. However, this study only included patients for whom the GP asked to determine
the presence or absence of pneumonia. If the chest X-ray has been requested to exclude
other pathology, the GP will, in 90% of the cases, state this on the X-ray application form.

We demonstrated that CRP measurement, in addition to clinical signs and symptomes,
did not improve prediction of pneumonia in patients who were subsequently referred for
chest X-ray. However, CRP measurement did help to guide antibiotic treatment; from the
group with a moderate chance (2.5-20%) of having pneumonia, 23 out of 146 (16%) were
reclassified in the high risk (>20%) group warranting antibiotic treatment.

Based on the Dutch guideline ‘Acute Cough’ and the results of these two studies, the
guidelines for additional diagnostic testing in primary care to confirm or rule out pneumo-
nia need furtherimprovement. First, moderately ill patients with an acute respiratory tract
infection with an intermediate CRP level (20-100 mg/l) may benefit a from chest X-ray. As
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the decision to start antibiotic treatment was left to the physician and comorbidity should
guide the start or withholding of antibiotic treatment, this subgroup of patient needs more
robust guideline. Insight in current antibiotic usage for these patients would elucidate the
potential for treatment improvement and good antibiotic stewardship.

Secondly, in patients with an acute respiratory tract infection for whom the GP would cur-
rently request a chest X-ray, low-risk patients (based on signs and symptoms only) actually
do not have pneumonia. In patients with intermediate risk, the CRP test can improve the
decision whether or not to prescribe antibiotics since a substantial proportion (16%) of
this subgroup is reclassified as belonging in the high-risk group.

Finally, the intermediate groups are the most difficult to diagnose pneumonia in and to
decide for whether to prescribe antibiotic treatment. The informed decision to initiate
antibiotic treatment is equally important to the informed decision to withhold antibiotic
treatment. Antibiotics have side effects, and stewardship is the most important strategy
to keep infections treatable in the (near) future. Antibiotics are used more restrictively by
Dutch GPs than by their European colleagues (60). These differences are an expression of
the complexity of the consideration of whether or not to prescribe an antibiotic but also
an expression of cultural differences. As an example, a Swiss group presented the results
of an intervention trial to demonstrate that their biomarker-based therapeutic strategy
compared to standard care could reduce antibiotic use in patients with a lower respiratory
tract infection. They reported significantly reduced mean duration of antibiotic treatment
from 13 to 11 days (61). In the Netherlands, however, standard treatment duration of
community-acquired pneumonia is only five days. Therefore, results of their and our
findings are difficult to extrapolate to other settings but GP’s in the Netherlands, who use
antibiotics prudently, should aim to improve local policy further to improve care for our
own patients and to serve as a best practice example for other communities.

Future studies, targeting patients at the general practice, should identify the patients
who benefit from chest X-ray. In our questionnaire GPs reported to use CRP test for other
indications than an acute respiratory tract infection. Apparently, there is clinical need for
a biomarker to support the decision making in this patient category and future studies
are needed to determine sensitivity and specificity for the diagnosis, the indication for
antibiotic use and prognosis.
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STRATEGIES TO ATTENUATE THE IMMUNE RESPONSE

Although the immune response against a microbe is an essential component of the host
response to help overcome an infection, an uncontrolled or overwhelming inflammatory
response may be associated with serious acute lung injury and consequently, severe mor-
bidity and mortality (6, 7). Strategies to attenuate this immune response without interfer-
ing with the antimicrobial effect, focus on early initiation of treatment and concomitant
anti-inflammatory interventions.

In patients with an influenza virus infection that are severely ill and need hospital admis-
sion, i.e., patients with severe acute respiratory tract infection (SARI) caused by influenza,
morbidity and mortality are significant. In a cohort of 390 patients admitted with influenza
virus infection, described in Chapter 8, median length of hospital stay was 5.0 days, 70
patients (18%) needed to be admitted to the ICU, and 30-day mortality was 30 out of 390
(7.7%). In a recent report from Spain, mortality was 12% in patients hospitalized with
influenza virus infection (62).

The time window for the treatment of influenza-infected patients has been regarded as
very small since treatment of otherwise healthy volunteers =48 hours after first symptoms
has no added benefit compared to no treatment (63, 64). In these patients with relatively
limited inflammation, delayed initiation of treatment that stops viral replication would
not significantly attenuate inflammation and thereby time to clinical resolution. However,
patients hospitalized with influenza virus infection may represent a distinct group with
prolonged viral replication and a more pronounced inflammatory response. In these pa-
tients, the therapeutic time window may be larger, and inhibition of ongoing viral spread
in the (lower) respiratory tract by neuraminidase inhibitors could perhaps lead to attenu-
ation of inflammatory response and more rapid recovery. For instance, younger patients
that were admitted with HIN1pdmO9 influenza virus infection had reduced mortality
when neuraminidase inhibitor treatment was initiated within 48 hours after the start of
symptoms, but this effect remained, although less pronounced, until treatment initiation
within five days after symptom onset (65).

The effectiveness of delayed initiation of neuraminidase inhibitor treatment in patients
with seasonal influenza who are elderly, frail, orimmunocompromised and at high risk for
developing complications, is unknown. During the influenza season, this remains a daily
challenge since the majority of these patients present to a hospital with symptoms that
have been present for more than 48 hours (65, 66).
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In Chapter 8, we describe the benefit of starting oseltamivir treatment within 48 hours
after hospital admission rather than after start of first symptoms. Patients with seasonal
influenza virus infection who need hospital admission are either severely ill or vulnerable
due to comorbidity. With a propensity score model, we found that oseltamivir treatment
significantly reduced 30-day mortality, as well as the composite endpoint of ICU admis-
sion >48 hours after hospitalization or 30-day mortality. There was also a trend in reduced
length of stay. Animportantly distinctimprovementin the patients treated with oseltamivir
was present in the subgroup with pronounced ongoing viral replication and inflammation,
represented by the presence of pneumonia on chest X-ray.

Our study is the first study examining the benefit of oseltamivir treatment in the Dutch
healthcare system. In the Netherlands, general practitioners are important gatekeepers
for hospital care. This is one of the reasons why hospitalized patients represent only the
tip of the iceberg of all seasonal influenza cases (67). In the Netherlands, patients are not
admitted unless they have severe influenza disease, exacerbation of comorbid illness, or
when they are vulnerable, e.g., due to comorbidity.

In this study, with three large hospitals and over three influenza seasons, we included
elderly patients with comorbidity and severe disease (16% was admitted to the ICU within
48 hours after hospital admission, 48% had a CURB-65 score =2). The median time of hos-
pital admission after symptom onset was 4.0 days. Our cohort appears to be an excellent
representation of the total burden of hospitalized influenza patients in the Netherlands.
The findings of a reduction of 9% in 30-day mortality, 11% in the combined endpoint
30-day mortality or ICU admission > 48 hours after hospital admission, and the trend in re-
duced length of hospital stay (2 days) are in line with the findings in a large meta-analysis
in 2014 (65). The magnitude of the effect, the consistency and precision of the results, and
robustness of the evidence (68) contribute importantly to the quality of evidence for the
benefit of oseltamivir treatment in hospitalized patients with influenza.

In only 35% of patients in our cohort, oseltamivir was initiated within 48 hours after
hospital admission. This low percentage reflects the current lack of confidence that many
Dutch clinicians have on the level of evidence supporting treatment in these patients who
present >48 hours after symptom onset. Despite the biological plausibility of the benefit
of oseltamivir treatment in severely ill patients, the lack of randomized controlled trials
has been an important reason for the ongoing debate about the presence or absence of
clinical benefit of oseltamivir in hospitalized patients. With these new findings, however,
we should work on the implementation of oseltamivir treatment in patients admitted with
influenza virus infection. In the near future, awaiting better treatment options, all patients
admitted with influenza virus infection should be treated with oseltamivir.
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A severe complication of influenza virus infection is the development of acute respiratory
distress syndrome (ARDS). ARDS is an inflammatory response with epithelial and alveolar
cell damage leading to bilateral opacities on chest X-ray with marked hypoxia occurring
within seven days after a clinical insult (69, 70). Since the 2009 H1N1 influenza outbreak,
numerous reports appeared indicating that influenza virus infection may in rare cases
cause ARDS (71, 72). Of note, ARDS can occur after many other unrelated triggers as well,
for example, sepsis, trauma, inhalation of exogenous toxins, or major surgery (73). ARDS is
likely caused by the occurrence of several, sequential hits to the lung (74, 75). We hypoth-
esized that a combination of these triggers, including a subclinical influenza infection,
would increase the risk of ARDS.

In a cohort of 2013 patients undergoing cardiac surgery, described in Chapter 10, 6%
developed postoperative ARDS. We wanted to determine whether a concomitant influ-
enza virus infection was an additional risk factor for ARDS. Unfortunately, in none of the
patients in this cohort respiratory virus diagnostics had been done preoperatively, as
none had preoperative symptoms that justified such diagnostics. However, the majority
of influenza virus infections be it symptomatic or not, occur during the yearly influenza
season. Therefore, we used the influenza season as a proxy for influenza virus infection.
The influenza season is defined by high numbers of patients (>51/100,000) with influenza-
like illness visiting their general practitioner and influenza virus detected in respiratory
samples (76, 77).

In Chapter 10, we describe the observation that cardiac surgery during influenza season
is indeed a risk factor for postoperative ARDS. In a retrospective database, we compared
cardiac surgery during various seasons and adjusted for potential confounders. The odds
ratio for ARDS in the influenza season compared to baseline season (with few cases of
influenza-likeillness) was 1.85 (95% confidence interval 1.06-3.23). There was a trend in the
increase in absolute length of ICU stay (21 hour increase, p=0.07), and time on mechanical
ventilation (23 hour increase, p=0.05). Furthermore, the number of ARDS cases increased
in severe influenza seasons when Influenza A and B virus circulation in the community
was increased. With these data, we show that influenza virus infection (or, less likely, other
respiratory virus infections) could be a risk factor for ARDS after cardiac surgery.

During the influenza season, the majority of infected persons remains asymptomatic
(78). Therefore, asymptomatic elective cardiac surgery patients can also be infected with
influenza. In our hypothesis, asymptomatic viral infection may prime the lungs, leading to
increased incidence of ARDS postoperatively. Several studies demonstrate the importance
of priming of lung endothelium leading to endothelial activation and vascular leak after
a second hit. For example, evidence from another setting showed that influenza virus
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infection predisposes to ARDS upon exposure to S. aureus (79). In a rat model, an intratra-
cheal LPS immune stimulus before pneumonectomy caused aggravated lung injury in the
contralateral lung compared to rats who were not primed with LPS (80). After proof of the
causal relation between (asymptomatic) influenza virus infection and ARDS after cardiac
surgery, studies to unravel the pathophysiological mechanisms, and studies to assess
preventive measures such as adequate vaccination uptake or viral diagnostics at the day
of surgery are needed.

Pathophysiological similarities may exist between CMV (and other Herpesviridae) reac-
tivation during critical illness and ARDS after cardiac surgery in influenza virus-infected
patients. Critically ill patients suffer from a certain degree of immune paralysis, an im-
munodeficient status characterized by T cellimmunosuppression and alteration of NK cell
function (81, 82). This immune suppression may facilitate CMV reactivation but could also
enable (influenza) virus replication, thus causing asymptomatic (influenza) virus infection
to become symptomatic, tissue destructive, and thereby the second hit for ARDS develop-
ment.

Similarly, asymptomatic rhinovirus infection is detected in 14-50% of children (83). Chil-
dren with upper respiratory tract infection, with documented rhinovirus infection at the
time of cardiac surgery, were found to have more postoperative (respiratory) complica-
tions (84, 85). In these cases, surgery seems more of a second hit, after rhinovirus infection.

If the causal relationship between asymptomatic viral infection and ARDS after cardiac
surgery is confirmed, strategies to help prevent at least part of the ARDS cases and improve
outcome are needed. This should be the focus of future studies.

In this scenario, improved influenza vaccine effectiveness and improved influenza vac-
cination coverage among patients who are scheduled for cardiac surgery might prevent
ARDS after cardiac surgery. Among patients with cardiovascular diseases, i.e., the ones
that could undergo cardiac surgery, vaccination coverage is declining and was only 61%
in 2017 (86). Viral diagnostics (and, if positive, postponement of surgery) on the day of
cardiac surgery seems logistically challenging. In a small cohort of 69 asymptomatic chil-
dren, preoperative screening for respiratory viruses was not an effective strategy to predict
infants at risk of complications after cardiac surgery (87).

Infection is defined as a noticeable immunological reaction, be it the formation of anti-
bodies, the demonstration of an elicited cellular response, and commonly in the acute
phase, a local inflammatory response. In some infections, this inflammatory response
appears abundant and ill-directed, and strategies to attenuate this response might
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improve outcome. For instance, in pneumococcal meningitis, dampening of the local
inflammatory response at the level of the meninges and brain improves outcome of the
infection. In other settings, these effects are less clear. For instance, in cells from patients
with community-acquired pneumonia, macrolides have a positive immune modulatory
effect by enhancement of the antibacterial effect of neutrophils and by “quashing the im-
mune response after bacterial killing” (88, 89). However, this effect noted in vitro was not
observed in a clinical trial in which B-lactam monotherapy was non-inferior to macrolide
with B-lactam combination therapy (3). Concomitant corticosteroid immune suppression
during antimicrobial therapy of community-acquired pneumonia would improve short-
term but not long-term outcome measures but at the cost of a large number of side effects.
It is not recommended in treatment guidelines (90, 91).

Similar to the small margin between appropriate inflammation that led to killing the
microorganism, and an overwhelming response causing severe collateral damage, the
margin of adjunctive immunosuppressive therapy during infection seems limited. To
improve outcome in infectious diseases, we should target our therapy not only at killing
microbes but also at attenuation of the immune response, without losing its antimicrobial
properties, to reduce collateral damage, i.e., morbidity, long term sequelae, and mortal-
ity. Thus, we need to gain insight into the meaning of immune-reactive biomass (i.e., the
load of immune-reactive components released of viruses or bacteria) as opposed to the
arrhythmic of infection by enumeration of bacterial or viral numbers, to better understand
what exactly trigger a specific degree of inflammation. This degree of inflammation is
usually assessed using a clinical scoring system, with or without addition of biomarkers
(Chapter 5). Clearly, the actual immune-reactive biomass is much more difficult to define
and grasp than determining the mere presence of living or death bacteria during treat-
ment, in localised infections such as pneumonia.

Taking the serum lipoteichoic acid concentration as measure to assess immune-reactive
biomass in patients with pneumococcal pneumonia, we used Toll-like receptor 2 (TLR2)-
transfected Human Embryonic Kidney (HEK) 293 cells. These cells respond in vitro by IL-8
release after binding of pneumococcal cell wall components to the TLR2. IL-8 release after
exposure of the cells to plasma samples from patients can be measured quantitatively,
thereby determining pneumococcal cell wall load, i.e., the immune-reactive biomass.
Studies using TLR2-transfected HEK293 cells have focused on signalling, for example in
Burkholderia infections, but have not assessed these cells as sensors for immune-reactive
biomass (92, 93).

In Chapter 9, we describe the PRISTINE (Pneumonia treated with RIfampicin aTtenuates
Inflammation) study in which we have tried to determine the pneumococcal immune-
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reactive biomass in patients with pneumococcal pneumonia and targeted this immune-
reactive biomass with an antimicrobial immune modulator rifampicin. Proinflammatory
bacterial cell wall components are released when bacteria are killed by autolysis or host
immune cellsand areimportant determinants of the severity ofinflammation (94). An acute
break down of bacterial cell wall occurs upon exposure to 3-lactam antibiotics, lysing the
bacteria (95). B-lactam antibiotics are the first-line treatment for pneumococcal infections
in many guidelines (96). A method to potentially attenuate the immune response is to kill
the bacteria without immediately lysing them, thus preventing the release of proinflam-
matory cell wall products (97). This approach would reduce the complete inflammatory
trigger by interfering at the beginning of the inflammation cascade. In vitro studies showed
that non-lytic rifampicin antibiotic treatment results in less release of LTA and other pro-
inflammatory compounds from Streptococcus pneumoniae than the B-lactam antibiotics
ceftriaxone or meropenem, despite similar bacterial killing effects (98). In animal models,
rifampicin was beneficial as it reduced both the release of bacterial cell wall components
and animal mortality (99). Non-lytic killing could be an immune-reactive biomass-targeted
treatment to attenuate inflammation in pneumococcal infections.

In the appendix of Chapter 9, results of IL-8 release from TLR2-transfected HEK293 cells
as sensor of immune-reactive biomass are described. In vitro, purified LTA could be deter-
mined quantitatively, but LTA/pneumococcal cell wall components could not be detected
in plasma. This can be explained by the lack of measurable plasma concentrations of LTA
both before and shortly after the start of treatment. In addition, an inhibiting effect of
human plasma may contribute to the low immune response. We were able to detect IL-8
release from TLR2-transfected HEK293 cells in a pneumococcal empyema sample and in
two meningitis (CSF) samples, in which bacterial load is obviously higher.

The PRISTINE trial, described In Chapter 9, assessed whether treatment with non-lytic
rifampicin in addition to B-lactam for pneumococcal pneumonia could attenuate the in-
flammatory trigger, i.e., lipoteichoic acid (LTA) release from the bacterial cell wall. Despite
solid in vitro and experimental animal research evidence, we failed to demonstrate
differences in plasma LTA concentrations, subsequent inflammatory responses, and
clinical responses in this pilot study. Apparently, the model we chose was not sensitive
enough to reveal such differences, or alternatively, the hypothesis is simply not correct
in humans. Besides the reasons above why we could not determine TLR2 response with
patient plasma samples, this could be explained by the observation that the B-lactam
treatment was given shortly after (or even before) rifampicin treatment. As we could not
use rifampicin monotherapy, this may have hindered proper comparison between lytic
and non-lytic therapy. Consequently, the killing of the streptococci may well have been
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induced by the lytic B-lactam antibiotic. And this may have obscured the detection of a
potential difference.

Based on our results, we hypothesize that LTA concentration is high at the site of infection
but low in plasma. Therefore, the non-lytic killing of gram-positive microorganisms might
still be beneficial in infections with abundant local inflammation and subsequent local
tissue damage. This would be the case in pneumococcal meningitis. For this infection, at-
tenuation of the inflammatory response by reducing the trigger, i.e., cell wall components,
before and more importantly after the start of treatment, could decrease morbidity, long
term sequelae, and mortality. In future studies with clinical endpoints, the inflammatory
response should be followed up at the site of infection, i.e., in liquor samples instead of
plasma samples.

Nevertheless, in severe pneumococcal pneumonia or other gram-positive infections, non-
lytic antibiotic treatment can still be a strategy to decrease inflammation and to improve
outcome. However, rifampicin has a considerable number of potential side effects, has
interaction with multiple other drugs after several days of treatment, and monotherapy
could lead to resistance during treatment. These important drawbacks may hinder rifam-
picin from being the most attractive non-lytic antibiotic drug. New drugs in development
should lack these disadvantages and would then be more suitable candidates for killing
gram-positive microorganisms without causing an overwhelming immune response. In
general, this should apply for all antimicrobials in development. New drugs should not
only kill (resistant) microorganisms, but their mechanism of action should also reduce the
inflammatory response. If we combine antimicrobial and anti-inflammatory properties in
one drug, immune-reactive biomass-targeted therapy would less likely lead to side effects
or unintentional immune suppression.

236



Summary and general discussion

REFERENCES

1. Graffelman AW, Knuistingh Neven A, le Cessie S, Kroes AC, Springer MP, van den Broek PJ. Pathogens
involved in lower respiratory tract infections in general practice. Br J Gen Pract. 2004;54(498):15-9.

2. Meijvis SC, Hardeman H, Remmelts HH, Heijligenberg R, Rijkers GT, van Velzen-Blad H, et al.
Dexamethasone and length of hospital stay in patients with community-acquired pneumonia: a
randomised, double-blind, placebo-controlled trial. Lancet. 2011;377(9782):2023-30.

3. Postma DF, van Werkhoven CH, van Elden LJ, Thijsen SF, Hoepelman Al, Kluytmans JA, et al.
Antibiotic treatment strategies for community-acquired pneumonia in adults. N Engl J Med.
2015;372(14):1312-23.

4. van Vught LA, Scicluna BP, Wiewel MA, Hoogendijk AJ, Klein Klouwenberg PM, Franitza M, et al.
Comparative Analysis of the Host Response to Community-acquired and Hospital-acquired Pneu-
monia in Critically Ill Patients. Am J Respir Crit Care Med. 2016;194(11):1366-74.

5. WHO. The top 10 causes of death 2018 [Available from: https://www.who.int/en/news-room/fact-
sheets/detail/the-top-10-causes-of-death.

6. BruderD, Srikiatkhachorn A, Enelow RI. Cellularimmunity and lung injury in respiratory virus infec-
tion. Viral Immunol. 2006;19(2):147-55.

7. Tavares LP, Teixeira MM, Garcia CC. The inflammatory response triggered by Influenza virus: a two
edged sword. Inflamm Res. 2017;66(4):283-302.

8.  Verheij ThJM HR, Prins JM, Salomé PhL, Bindels PJ, Ponsioen BPT, Sachs APE, Thiadens HA, Verlee
E. NHG Standard Acute Cough (First review). Huisarts Wet. 2011;54(2):68-92.

9. RIVM. Voor wie is de griepprik? 2019 [Available from: https://www.rivm.nl/griep/griepprik/voor-
wie-is-griepprik.

10. Vestergaard LS, Nielsen J, Krause TG, Espenhain L, Tersago K, Bustos Sierra N, et al. Excess all-cause
and influenza-attributable mortality in Europe, December 2016 to February 2017. Euro Surveill.
2017;22(14).

11.  Ciabattini A, Nardini C, Santoro F, Garagnani P, Franceschi C, Medaglini D. Vaccination in the elderly:
The challenge of immune changes with aging. Semin Immunol. 2018;40:83-94.

12.  Osterholm MT, Kelley NS, Sommer A, Belongia EA. Efficacy and effectiveness of influenza vaccines:
a systematic review and meta-analysis. Lancet Infect Dis.2012;12:36-44.

13.  Jefferson T, Rivetti D, Rivetti A, Rudin M, Di Pietrantonj C, Demicheli V. Efficacy and effectiveness of
influenza vaccines in elderly people: a systematic review. Lancet. 2005;366(9492):1165-74.

14.  Kuster SP, Shah PS, Coleman BL, Lam PP, Tong A, Wormsbecker A, et al. Incidence of influ-
enza in healthy adults and healthcare workers: a systematic review and meta-analysis. PloS one.
2011;6(10):€26239.

15.  Dini G, ToletoneA, SticchiL, Orsi A, Bragazzi NL, Durando P. Influenza vaccination in healthcare work-
ers: A comprehensive critical appraisal of the literature. Hum Vaccin Immunother. 2018;14(3):772-
89.

16. van Gageldonk-Lafeber AB, Dijkstra F, van ‘t Veen H, Orchudesch M, van der Hoek W. [Low influenza
vaccination coverage rate among hospital employees]. Ned Tijdschr Geneeskd. 2014;158:A7650.

17.  Moore C, Galiano M, Lackenby A, Abdelrahman T, Barnes R, Evans MR, et al. Evidence of person-to-
person transmission of oseltamivir-resistant pandemic influenza A(H1N1) 2009 virus in a hematol-
ogy unit. J Infect Dis. 2011;203(1):18-24.

18. Gooskens J, Jonges M, Claas EC, Meijer A, van den Broek PJ, Kroes AM. Morbidity and mortality

associated with nosocomial transmission of oseltamivir-resistant influenza A(HIN1) virus. JAMA.
2009;301(10):1042-6.

11



Chapter 11

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.
37.

238

ECDC. Monthly measles and rubella monitoring report, March 2019 Stockholm: ECDC; 2019
[Available  from: https://ecdc.europa.eu/en/publications-data/monthly-measles-and-rubella-
monitoring-report-march-2019

Schnirring L. First hospital to mandate flu vaccination reports on challenges, success. CIDRAP; 2010.
De Schryver A, Claesen B, Meheus A, van Sprundel M, Francois G. European survey of hepatitis B
vaccination policies for healthcare workers. Eur J Public Health. 2011;21(3):338-43.

Darricarrere N, Pougatcheva S, Duan X, Rudicell RS, Chou TH, DiNapoli J, et al. Development of a
Pan-H1 Influenza Vaccine. J virol. 2018;92(22).

Allen JD, Ray S, Ross TM. Split inactivated COBRA vaccine elicits protective antibodies against HIN1
and H3N2 influenza viruses. PloS one. 2018;13(9):e0204284.

Zhou TC, Sankin Al, Porcelli SA, Perlin DS, Schoenberg MP, Zang X. A review of the PD-1/PD-L1
checkpointin bladder cancer: From mediator of immune escape to target for treatment. Urol oncol.
2017;35(1):14-20.

Pardoll DM. The blockade of immune checkpoints in cancer immunotherapy. Nat Rev Cancer.
2012;12(4):252-64.

Postow MA, Sidlow R, Hellmann MD. Immune-Related Adverse Events Associated with Immune
Checkpoint Blockade. N Engl J Med. 2018;378(2):158-68.

El Osta B, Hu F, Sadek R, Chintalapally R, Tang SC. Not allimmune-checkpoint inhibitors are created
equal: Meta-analysis and systematic review of immune-related adverse events in cancer trials. Crit
Rev Oncol Hematol. 2017;119:1-12.

Vollaard A, Schreuder I, Slok-Raijmakers L, Opstelten W, Rimmelzwaan G, Gelderblom H. Influ-
enza vaccination in adult patients with solid tumours treated with chemotherapy. Eur j cancer.
2017;76:134-43.

Laubli H, Balmelli C, Kaufmann L, Stanczak M, Syedbasha M, Vogt D, et al. Influenza vaccination
of cancer patients during PD-1 blockade induces serological protection but may raise the risk for
immune-related adverse events. J Immunother Cancer. 2018;6(1):40.

Chong CR, Park VJ, Cohen B, Postow MA, Wolchok JD, Kamboj M. Safety of Inactivated Influenza
Vaccine in Cancer Patients Receiving Immune Checkpoint Inhibitors (ICl). Clin Infect Dis. 2019; doi:
10.1093/cid/ciz202.

Groeneveld GH, Wijn DH, Vollaard AM. Immune related adverse events in cancer patients receiving
influenza vaccination and immune checkpoint inhibitors. Clinical infectious diseases : an official
publication of the Infectious Diseases Society of America. 2019; doi: 10.1093/cid/ciz512.

Bersanelli M, Buti S, De Giorgi U, Di Maio M, Giannarelli D, Pignata S, et al. State of the art about
influenza vaccination for advanced cancer patients receiving immune checkpoint inhibitors: When
common sense is not enough. Crit Rev Oncol Hematol. 2019;139:87-90.

Finnefrock AC, Tang A, Li F, Freed DC, Feng M, Cox KS, et al. PD-1 blockade in rhesus macaques:
impact on chronic infection and prophylactic vaccination. J Immunol. 2009;182(2):980-7.
MacDonald M, Pauly B, Wong G, Schick-Makaroff K, van Roode T, Strosher HW, et al. Supporting
successful implementation of public health interventions: protocol for a realist synthesis. Syst Rev.
2016;5:54.

Jacob RR, Allen PM, Ahrendt LJ, Brownson RC. Learning About and Using Research Evidence Among
Public Health Practitioners. Am J Prev Med. 2017;52(3s3):5304-s8.

Assessment of syndromic surveillance in Europe. Lancet. 2011;378(9806):1833-4.

Colon-Gonzalez FJ, Lake IR, Morbey RA, Elliot AJ, Pebody R, Smith GE. A methodological framework
for the evaluation of syndromic surveillance systems: a case study of England. BMC public health.
2018;18(1):544.



Summary and general discussion

38.

39.

40.

41.

42.
43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

van Asten L, Fanoy EB, Hooiveld M, Koopmans MP, Kretzschmar ME. [Syndromic surveillance: a
finger on the pulse of public health]. Ned tijdschr geneeskd. 2014;158:A7415.

Paterson BJ, Durrheim DN. The remarkable adaptability of syndromic surveillance to meet public
health needs. J Epidemiol Glob Health. 2013;3(1):41-7.

Marbus SD, Oost JA, van der Hoek W, Meijer A, Polderman FN, de Jager CPC, Groeneveld GH, et
al. Ernstige acute luchtweginfecties: de ontbrekende bouwsteen in de surveillancepiramide. Ned
Tijdschr Med Microbiol 2016;24(1):52-6.

RIVM. Recente virologie uitslagen 2019 [Available from: https://www.rivm.nl/documenten/recente-
viruitslagen27w.

Emery J, Boyle D. Data linkage. Aust Fam Physician. 2017;46(8):615-9.

Molbak K, Espenhain L, Nielsen J, Tersago K, Bossuyt N, Denissov G, et al. Excess mortality among
the elderly in European countries, December 2014 to February 2015. Euro Surveill. 2015;20(11).
Lee EC, Viboud C, Simonsen L, Khan F, Bansal S. Detecting signals of seasonal influenza severity
through age dynamics. BMC infectious diseases. 2015;15:587.

Smith SM, Fahey T, Smucny J, Becker LA. Antibiotics for acute bronchitis. Cochrane Database Syst
Rev. 2017;6:Cd000245.

Little P, Stuart B, Moore M, Coenen S, Butler CC, Godycki-Cwirko M, et al. Amoxicillin for acute
lower-respiratory-tract infection in primary care when pneumonia is not suspected: a 12-country,
randomised, placebo-controlled trial. Lancet Infect Dis. 2013;13(2):123-9.

Teepe J, Little P, Elshof N, Broekhuizen BD, Moore M, Stuart B, et al. Amoxicillin for clinically unsus-
pected pneumonia in primary care: subgroup analysis. European respir j. 2016;47(1):327-30.
Metlay JP, Kapoor WN, Fine MJ. Does this patient have community-acquired pneumonia? Diagnos-
ing pneumonia by history and physical examination. JAMA. 1997;278(17):1440-5.

Minnaard MC, de Groot JAH, Hopstaken RM, Schierenberg A, de Wit NJ, Reitsma JB, et al. The added
value of C-reactive protein measurementin diagnosing pneumonia in primary care: a meta-analysis
of individual patient data. CMAJ. 2017;189(2):E56-€63.

Graffelman AW, le Cessie S, Knuistingh Neven A, Wilemssen FE, Zonderland HM, van den Broek PJ.
Can history and exam alone reliably predict pneumonia? J Fam Pract. 2007;56(6):465-70.

van Vugt SF, Broekhuizen BD, Lammens C, Zuithoff NP, de Jong PA, Coenen S, et al. Use of serum
C reactive protein and procalcitonin concentrations in addition to symptoms and signs to predict
pneumonia in patients presenting to primary care with acute cough: diagnostic study. BMJ.
2013;346:f2450.

Hopstaken RM, Muris JW, Knottnerus JA, Kester AD, Rinkens PE, Dinant GJ. Contributions of symp-
toms, signs, erythrocyte sedimentation rate, and C-reactive protein to a diagnosis of pneumonia in
acute lower respiratory tract infection. Br J Gen Pract. 2003;53(490):358-64.

Huang Y, Chen R, Wu T, Wei X, Guo A. Association between point-of-care CRP testing and antibiotic
prescribing in respiratory tract infections: a systematic review and meta-analysis of primary care
studies. Br J Gen Pract. 2013;63(616):e787-94.

Minnaard MC, van de Pol AC, Hopstaken RM, van Delft S, Broekhuizen BD, Verheij TJ, et al. C-reactive
protein point-of-care testing and associated antibiotic prescribing. Fam Pract. 2016;33(4):408-13.
Swingler GH, Zwarenstein M. Chest radiograph in acute respiratory infections. Cochrane Database
Syst Rev. 2008(1):Cd001268.

Bushyhead JB, Wood RW, Tompkins RK, Wolcott BW, Diehr P. The effect of chest radiographs on the
management and clinical course of patients with acute cough. Med care. 1983;21(7):661-73.

239

11



Chapter 11

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

240

Gibson PG, Chang AB, Glasgow NJ, Holmes PW, Katelaris P, Kemp AS, et al. CICADA: Cough in Chil-
dren and Adults: Diagnosis and Assessment. Australian cough guidelines summary statement. Med
J Aust. 2010;192(5):265-71.

Woodhead M, Gialdroni Grassi G, Huchon GJ, Leophonte P, Manresa F, Schaberg T. Use of inves-
tigations in lower respiratory tract infection in the community: a European survey. Eur Respir J.
1996;9(8):1596-600.

Andreeva E, Melbye H. Usefulness of C-reactive protein testing in acute cough/respiratory tract in-
fection: an open cluster-randomized clinical trial with C-reactive protein testing in the intervention
group. BMC family practice. 2014;15:80.

Adriaenssens N, Coenen S, Versporten A, Muller A, Minalu G, Faes C, et al. European Surveillance of
Antimicrobial Consumption (ESAC): outpatient antibiotic use in Europe (1997-2009). J Antimicrob
Chemother. 2011;66 Suppl 6:vi3-12.

Christ-Crain M, Jaccard-Stolz D, Bingisser R, Gencay MM, Huber PR, Tamm M, et al. Effect of
procalcitonin-guided treatment on antibiotic use and outcome in lower respiratory tract infections:
cluster-randomised, single-blinded intervention trial. Lancet. 2004;363(9409):600-7.

Torner N, Martinez A, Basile L, Mosquera M, Anton A, Rius C, et al. Descriptive study of severe hos-
pitalized cases of laboratory-confirmed influenza during five epidemic seasons (2010-2015). BMC
research notes. 2018;11(1):244.

Hayden FG, Jennings L, Robson R, Schiff G, Jackson H, Rana B, et al. Oral oseltamivir in human
experimental influenza B infection. Antivir ther. 2000;5(3):205-13.

Treanor JJ, Hayden FG, Vrooman PS, Barbarash R, Bettis R, Riff D, et al. Efficacy and safety of the oral
neuraminidase inhibitor oseltamivir in treating acute influenza: a randomized controlled trial. US
Oral Neuraminidase Study Group. JAMA. 2000;283:1016-24.

Muthuri SG, Venkatesan S, Myles PR, Leonardi-Bee J, Al Khuwaitir TS, Al Mamun A, et al. Effective-
ness of neuraminidase inhibitors in reducing mortality in patients admitted to hospital with influ-
enza A HIN1pdm09 virus infection: a meta-analysis of individual participant data. Lancet Respir
Med. 2014;2(5):395-404.

Katzen J, Kohn R, Houk JL, Ison MG. Early oseltamivir after hospital admission is associated with
shortened hospitalization: A five-year analysis of oseltamivir timing and clinical outcomes. Clin
Infect Dis. 2019;69(1):52-58

Centre for Infectious Disease Control. Annual report Surveillance of influenza and other respira-
tory infections in the Netherlands: winter 2017/2018 2018 [Available from: https://www.rivm.nl/
bibliotheek/rapporten/2018-0049.pdf.

Guyatt GH, Oxman AD, Kunz R, Vist GE, Falck-Ytter Y, Schunemann HJ. What is “quality of evidence”
and why is it important to clinicians? BMJ. 2008;336(7651):995-8.

Thompson BT, Chambers RC, Liu KD. Acute Respiratory Distress Syndrome. N Engl J Med.
2017;377(6):562-72.

Force ADT, Ranieri VM, Rubenfeld GD, Thompson BT, Ferguson ND, Caldwell E, et al. Acute respira-
tory distress syndrome: the Berlin Definition. JAMA. 2012;307(23):2526-33.

Davies A, Jones D, Bailey M, Beca J, Bellomo R, Blackwell N, et al. Extracorporeal Membrane Oxygen-
ation for 2009 Influenza A(H1N1) Acute Respiratory Distress Syndrome. JAMA. 2009;302(17):1888-
95.

Kumar A, Zarychanski R, Pinto R, Cook DJ, Marshall J, Lacroix J, et al. Critically ill patients with 2009
influenza A(H1IN1) infection in Canada. JAMA. 2009;302(17):1872-9.

Rubenfeld GD, Caldwell E, Peabody E, Weaver J, Martin DP, Neff M, et al. Incidence and outcomes of
acute lunginjury. N Engl J Med. 2005;353(16):1685-93.



Summary and general discussion

74.

75.

76.

7.
78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

Nieman G, Searles B, Carney D, McCann U, Schiller H, Lutz C, et al. Systemic inflammation induced
by cardiopulmonary bypass: a review of pathogenesis and treatment. J Extra Corpor Technol.
1999;31(4):202-10.

Li Y, Wei H. Lipopolysaccharide “two-hit” induced refractory hypoxemia acute respiratory distress
model in rats. J Huazhong Univ Sci Technolog Med Sci. 2009;29:470-5.

Vega Alonso T, Lozano Alonso, J.E., Ortiz de Lejarazu, R., Gutierrez Perez, M. Modelling influenza epi-
demic—can we detect the beginning and predict the intensity and duration? International Congress
Series; Toronto. 2004;1263. p.281-3.

EISS. 2nd Influenza Baseline Working Document. EISS 2007 Annual Meeting 2007.

Hayward AC, Fragaszy EB, Bermingham A, Wang L, Copas A, Edmunds WJ, et al. Comparative com-
munity burden and severity of seasonal and pandemic influenza: results of the Flu Watch cohort
study. Lancet Respir Med. 2014;2(6):445-54.

Wang C, Armstrong SM, Sugiyama MG, Tabuchi A, Krauszman A, Kuebler WM, et al. Influenza-Induced
Priming and Leak of Human Lung Microvascular Endothelium upon Exposure to Staphylococcus
aureus. Am J Respir Cell Mol Biol. 2015;53(4):459-70.

Evans RG, Ndunge OB, Naidu B. A novel two-hit rodent model of postoperative acute lung injury:
priming the immune system leads to an exaggerated injury after pneumonectomy. Interact Cardio-
vasc Thorac Surg. 2013;16(6):844-8.

Clari MA, Aguilar G, Benet |, Belda J, Gimenez E, Bravo D, et al. Evaluation of cytomegalovirus (CMV)-
specific T-cell immunity for the assessment of the risk of active CMV infection in non-immunosup-
pressed surgical and trauma intensive care unit patients. J Med Virol. 2013;85(10):1802-10.
Papazian L, Hraiech S, Lehingue S, Roch A, Chiche L, Wiramus S, et al. Cytomegalovirus reactivation
in ICU patients. Intensive care med. 2016;42(1):28-37.

Heinonen S, Jartti T, Garcia C, Oliva S, Smitherman C, Anguiano E, et al. Rhinovirus Detection in
Symptomatic and Asymptomatic Children: Value of Host Transcriptome Analysis. Am J Respir Crit
Care Med. 2016;193(7):772-82.

Malviya S, Voepel-Lewis T, Siewert M, Pandit UA, Riegger LQ, Tait AR. Risk factors for adverse postop-
erative outcomes in children presenting for cardiac surgery with upper respiratory tract infections.
Anesthesiology. 2003;98(3):628-32.

Delgado-Corcoran C, Witte MK, Ampofo K, Castillo R, Bodily S, Bratton SL. The impact of human rhi-
novirus infection in pediatric patients undergoing heart surgery. Pediatr cardiol. 2014;35(8):1387-
94.

Heins M HM, Korevaar J. Vaccinatiegraad Nationaal Programma Grieppreventie 2017 - monitor in
het kort. Utrecht: NIVEL; 2018 [Available from: https://www.rivm.nl/sites/default/files/2018-11/
Monitor%?20Vaccinatiegraad%20NPG%202017%20in%20het%20kort.pdf.

Delgado-Corcoran C, Blaschke AJ, Ou Z, Presson AP, Burch PT, Pribble CG, et al. Respiratory Test-
ing and Hospital Outcomes in Asymptomatic Infants Undergoing Heart Surgery. Pediatr Cardiol.
2019;40(2):339-48.

Lee N, Wong CK, Chan MCW, Yeung ESL, Tam WWS, Tsang OTY, et al. Anti-inflammatory effects of
adjunctive macrolide treatment in adults hospitalized with influenza: A randomized controlled
trial. Antivir res. 2017;144:48-56.

Amsden GW. Anti-inflammatory effects of macrolides--an underappreciated benefit in the treat-
ment of community-acquired respiratory tract infections and chronic inflammatory pulmonary
conditions? J antimicrobial chemother. 2005;55(1):10-21.

241

11



Chapter 11

90.

91

92.

93.

94,

95.

96.

97.

98.

99.

242

Blum CA, Nigro N, Briel M, Schuetz P, Ullmer E, Suter-Widmer I, et al. Adjunct prednisone therapy for
patients with community-acquired pneumonia: a multicentre, double-blind, randomised, placebo-
controlled trial. Lancet. 2015;385(9977):1511-8.

Stern A, Skalsky K, Avni T, Carrara E, Leibovici L, Paul M. Corticosteroids for pneumonia. Cochrane
Database Syst Rev. 2017;12:Cd007720.

Weehuizen TA, Prior JL, van der Vaart TW, Ngugi SA, Nepogodiev SA, Field RA, et al. Differential Toll-
Like Receptor-Signalling of Burkholderia pseudomallei Lipopolysaccharide in Murine and Human
Models. PloS one. 2015;10(12):e0145397.

Peters M, Bonowitz P, Bufe A. A Bioassay for the Determination of Lipopolysaccharides and Lipopro-
teins. Methods Mol Biol. 2017;1600:143-50.

Tuomanen E, Tomasz A, Hengstler B, Zak O. The relative role of bacterial cell wall and capsule in the
induction of inflammation in pneumococcal meningitis. J Infect Dis. 1985;151(3):535-40.

Dessing MC, Schouten M, Draing C, Levi M, von Aulock S, van der Poll T. Role played by Toll-like
receptors 2 and 4 in lipoteichoic acid-induced lung inflammation and coagulation. J Infect Dis.
2008;197(2):245-52.

Wiersinga WJ, Bonten MJ, Boersma WG, Jonkers RE, Aleva RM, Kullberg BJ, et al. Management
of community-acquired pneumonia in adults: 2016 guideline update from the Dutch Working
Party on Antibiotic Policy (SWAB) and Dutch Association of Chest Physicians (NVALT). Neth J Med.
2018;76(1):4-13.

Stuertz K, Schmidt H, Eiffert H, Schwartz P, Mader M, Nau R. Differential release of lipoteichoic
and teichoic acids from Streptococcus pneumoniae as a result of exposure to beta-lactam anti-
biotics, rifamycins, trovafloxacin, and quinupristin-dalfopristin. Antimicrob Agents Chemother.
1998;42(2):277-81.

Heer C, Stuertz K, Reinert RR, Mader M, Nau R. Release of teichoic and lipoteichoic acids from 30
different strains of Streptococcus pneumoniae during exposure to ceftriaxone, meropenem, quinu-
pristin/dalfopristin, rifampicin and trovafloxacin. Infection. 2000;28:13-20.

Nau R, Eiffert H. Modulation of release of proinflammatory bacterial compounds by antibacterials:
potential impact on course of inflammation and outcome in sepsis and meningitis. Clin Microbiol
Rev. 2002;15(1):95-110.






