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Public health perspective of respiratory tract infections 

Acute respiratory tract infections (ARTI) are the leading cause of death in low 

income countries and are the third cause of death world wide1. Every year an 

estimated 3 million adults and 3 million children die due to an acute respira-

tory infection2,3. A person encounters on average 4 to 6 upper respiratory tract 

infections per year, resulting in an annual 30 billion episodes throughout the 

world4. Although most of these disease episodes are self-limiting, the impact 

of respiratory tract disease on society is considerable. Absence from school or 

work and frequent medical consultation, lead to interruption of normal life and 

result in a substantial economic burden. For example, seasonal influenza epi-

demics in the United States are estimated to cost 10 billion dollars annually for 

direct medical cost and 16 billion dollars due to indirect loss of economic pro-

ductivity5. Besides self-limiting infections, respiratory tract infections are also a 

major reason for hospital admission and death.

 It is remarkable that while improvement of hygiene and development 

of antimicrobial medicine have rapidly reduced the impact of most infectious 

diseases, mortality due to respiratory infections has remained constant since 

the 1950s 6. No causative agent is recovered in up to 40% of ARTI in children 

and adults, despite many well know pathogens causing disease (table 1) 7-10. 

Hence, it is important to improve the microbiological diagnosis of respiratory 

tract infection.

Pathogenesis of viral, bacterial and mixed respiratory infections 

As mentioned in the previous paragraph, respiratory pathogens can cause a 

wide spectrum of diseases, from mild upper respiratory tract infections to ful-

minant sepsis with multi organ failure. The pathogenesis of the different path-

ogens gives more insight why this clinical spectrum of disease can differ so 

widely. In the next paragraphs the pathogenesis of viral, bacterial and mixed 

viral bacterial infections will be discussed.
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Viral Pathogenesis: 

Respiratory viruses replicate mainly in respiratory mucosa and respiratory lym-

phoid tissue. Most respiratory viruses transmit through large droplets that are 

easily past by mouth-hand contact and consequently invade the upper respira-

tory tract (URT). Most infections remain restricted to the URT and only bring 

about common cold or ear nose throat (ENT) symptoms.  Mortality from URT 

infection is rare, although in young children URT infection can lead to significant 

lower intake of nutrients and fluid resulting in severe dehydration, especially in 

resource poor settings. Moreover, URT infections are one of the most frequent 

triggers of asthma exacerbations and other forms of wheezing illness 11,12. 

 Death by respiratory infections is mostly related to lower respiratory 

tract (LRT) infection. Invasion of the lower respiratory tract by viruses can occur 

in two ways. First of all the LRT infected, by virus containing debris, like mucus 

or parts of infected lysed cells. Secondly, the LRT can be infected by direct 

inhalation of small aerosols 13,14 . As will be described in the upcoming para-

graphs, viral infection can predispose for secondary bacterial lower respiratory 

tract infections.

 Factors that explain, why some individuals experience LRTI and others 

do not, are not completely elucidated. Associations exist between maturity of 

the immune system, immune status15 , and airway size (which are all correlated 

to patient’s age), type and subtype of respiratory virus16,17 and environmental 

circumstances like crowding and air temperature and humidity18-20.

The immune system plays a pivotal role in the development of viral lower res-

piratory tract infections. In general, after initial viral invasion parts of the virus 

are recognized by pattern recognition receptors on cells of the respiratory ep-

ithelium. Hereby, intracellular signaling pathways are up-regulated, leading to 

enhanced transcription of interferons and other pro-inflammatory cytokines. 

This native immune response directly inhibits viral replication and also triggers 

dendritic cells, cytotoxic T-lymphocytes, B cells and other leucocytes to finally 

clear the virus through the adaptive immune response21-25.

Usually the immune response works properly. However in young children im-
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mune responses are not yet fully matured and in the very old the responses 

get impaired. Thereby these groups are more vulnerable for viral or mixed viral 

and bacterial infections 26,27 In contrast, in older children and adults immune 

responses, can sometimes be excessive, causing additional damage to the res-

piratory tract. For viruses like influenza these so called “cytokine storms” can 

even result in multi organ failure and death. 28-30 

Bacterial pathogenesis

The most frequent bacterial species of community acquired respiratory infec-

tions are Streptococcus pneumoniae, Haemophilus influenzae, and difficult to 

culture bacteria like Mycoplasma pneumoniae, Chlamydophila spp, Legionella 

pneumophila and Bordetella (para) pertussis 31-33. Bacterial pathogenesis for 

the first 3 bacteria differs from viral pathogenesis, as these bacteria frequently 

colonize the upper respiratory tract for periods of weeks or months 15,34-37. Dur-

ing colonization they compete with many other permanent colonizing bacteria, 

and usually do not cause any significant symptoms. Expansion of colonization 

of these bacteria into the lower respiratory tract is prevented by both mechani-

cal and immunological defense mechanisms. Mechanically, the glottis prevents 

aspiration of fluids into the lower respiratory tract and the mucociliary escalator 

is capable of removing micro-aspirated pathogens that passed through the 

barrier of the glottis. Furthermore during colonization the immune system is 

triggered to restrain further bacterial invasion. Pattern recognition receptors 

and transepithelial dentric cells activate the complement cascade and trigger 

invasion of T and B lymphocytes, which promotes the production of specific 

antibodies 38. 

 Risk factors for developing bacterial pneumonia are breaches in the 

abovementioned defense mechanism, which are influenced by age, lifestyle 

(smoking, alcohol), absence of specific antibodies, and immune suppression 39. 

Moreover pathogenicity of bacteria is also dependent on type and subtype. 36 

Direct inhalation and acquisition of pathogenic bacterial subtypes that are new 
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to the immune system also contribute to the development of lower respiratory 

infection. 34,40. Last but not least, viral infection is also a risk factor for subse-

quent bacterial respiratory tract infection, which will be further discussed in the 

next paragraph14. 

 In contrast to previous described bacteria, the pathogenesis of difficult 

to culture bacteria does not include an extensive colonization phase. M. pneu-

moniae and C. pneumoniae are cell-wall deficient bacteria. M pneumoniae 

mainly cause an extracellular infection as filamentous forms and adhere to res-

piratory epithelial cells41,42. C pneumoniae is an intracellular bacterium that has 

a complex life cycle. Infection between persons occurs by so-called “elementa-

ry bodies”. When these elementary bodies reach the respiratory tract of a new 

host, they are phagocytized, but not killed by fusion with a lysosome. Instead, 

they form reticulate bodies that use the host intracellular machinery to produce 

new elementary bodies43.  Both M. pneumoniae and C. pneumoniae infections 

occur throughout the year, however epidemics occur at 4–6 year intervals, prob-

ably due to emergence of new susceptible cohorts of young children, in combi-

nation with waning immunity in adults 41.  Legionella and Bordetella infections 

usually occur through direct inhalation of contaminated aerosols produced by 

water systems (Legionella) or a coughing human host (Bordetella). Legionella 

directly invades the lower airways where it starts to grow intracellularly in alve-

olar macrophages and type 2 alveolar epithelial cells 44,45 . On the other hand, 

Bordetella colonizes the host via an extracellular route. After the attachment to 

the respiratory epithelial cells of the trachea and bronchial tree, many different 

toxins are produced, leading to cilia dysfunction and cell death. This impair-

ment of the mucociliary layer and protracted epithelial damage often leads to 

the typical cough, facilitating spread to new hosts 46,47 . 

proefschift-rjansen-1-0 20141026 rj.indd   13 27-10-2014   19:21:56



14

Chapter 1

Interplay between viruses and bacteria

As mentioned before, viruses and bacteria may synergize to cause disease in 

respiratory infections. During the influenza pandemic of 1918 up to 95% of the 

patients who died also had a concurrent bacterial infection48. Even after the in-

troduction of penicillin and other antibiotics, bacterial super infection was seen 

in 50% of deaths during the influenza pandemics of 1957-1958 and 1968-1969 
49,50 

 In addition, epidemiological and clinical studies link other respiratory 

viruses to bacterial pneumonia and other invasive bacterial disease, like otitis 

media 51-54. 

Moreover, animal models show synergistic interactions between S. pneumoni-

ae and  RSV, para-influenza viruses and human metapneumovirus 55-57. 

 The interaction between influenza viruses and bacteria in pathogenesis 

is extensively investigated in both epidemiological and animal model studies, 

as described below. Viral infection enhances bacterial infection in two ways. 

Firstly by changing the physical properties of the respiratory mucosa: viral epi-

thelial damage leads to loss of functionality of the mucociliary escalator and in-

creases receptor availability for bacteria14,58. Secondly, viruses may compromise 

the immune system at several levels. For example production of interferons 

has a negative effect on phagocytic activity of neutrophils and on the function 

of natural killer cells 59-61. On the other hand hMPV and RSV produce interfer-

on antagonists, aiding viral spread, local damage, and subsequent bacterial 

colonization 62,63 . Infection with influenza viruses leads to depletion of alveolar 

macrophages that are responsible for direct bacterial clearance 64,65. Following 

bacterial invasion, production of antibacterial cytokines by epithelial cells and 

alveolar macrophages, together with the inflow of neutrophils, can lead to an 

uncontrolled production of these immune mediators. This so-called “cytokine 

storm” damages the lung tissue even further, in synergy with viral virulence 

factors and bacterial cytotoxins 28 14. 

 However, disease by viral-bacterial co-infection does not only depend 

on host responses, but also depends on specific properties of the pathogens 
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involved. Different viral species have shown different properties, facilitating 

bacterial invasion. For example, influenza and para-influenza viruses possess 

neuraminidase enzymes 66,67. These enzymes cleave sialic acids from the surface 

of epithelial cells facilitating bacterial adherence. Moreover these enzymes 

cleave mucins that try to bind virions and bacteria, so they can be disposed by 

the mucociliary layer 58. RSV and para-influenza viruses can upregulate recep-

tors, like intracellular adhesion molecules, carcinogenic embryonic adhesion 

molecule 1 and platelet activating factor receptor 68,69. These receptors provide 

specific binding sites for S. pneumoniae and H. influenza62,63.Bacterial subtype 

is also important. For instance USA300 and USA400 clonotypes of S. aureus 

seemed to be a particularly cause of secondary pneumonia in the H1N1 pan-

demic of 2009 40,70. Furthermore regional variation in the species of bacterial 

super infection, during the influenza pandemics, also suggest that bacterial 

subtypes play a role invasive bacterial disease71,72 

 In conclusion, viral infection facilitates bacterial super-infection by local 

damage of the respiratory epithelium, enhancement of bacterial receptor bind-

ing and hampering the immune response. 

Treatment and prevention strategies of respiratory infections

Currently, treatment options for viral respiratory tract infections are limited. The 

only licensed drugs for infections with respiratory viruses are those to treat in-

fluenza virus. The oldest ones (1967) are adamantanes (amantadine and riman-

tadine), which are active against Inf A but not against Inf B viruses. These drugs 

act by interference with the viral ion channel (M2), hampering the uncoating 

process of the virus after it has entered a host cell. However, due to the high 

prevalence of resistance in currently circulating viruses, use of these drugs is 

currently not recommended. 73,74   

 The other class of drug against influenza is the class of neuraminidase 

inhibitors. These drugs act by inhibiting enzymatic activity of the viral neurami-

nidase, thus preventing spread of newly produced virions upon their emer-
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gence at the cell surface. The two types of neuraminidase that are currently li-

censed are oral oseltamivir (Tamiflu®) and inhaled zanamivir (Relenza®). A novel 

parenteral neuraminidase inhibitor, Peramivir, is currently licensed in Japan and 

South Korea but not yet worldwide. All have activity against influenza A as well 

as influenza B viruses. The efficacy of neuraminidase inhibitors has been debat-

ed in recent years. Several meta-analyses of results from randomized controlled 

trials (RCTs) argued that minimal benefits of these drug do not outweigh the 

side effects for people with influenza-like illness 75,76. However, RCTs with these 

drugs have only been performed in predominantly previously healthy individ-

uals with uncomplicated influenza in primary healthcare settings and were not 

powered to determine efficacy for e.g. prevention of complicated disease, hos-

pitalizations and mortality. Observational studies in hospitalized patients with 

severe influenza indicate that oseltamivir does improve survival and reduces the 

duration of admission 77,78 . In addition, a review of 10 prospective clinical trials 

showed lower rate of bacterial complications and antibiotic use in patients with 

influenza receiving early neuraminidase treatment 79 . These findings are sup-

ported by several animal studies showing reduced mortality due to bacterial 

infection in influenza-infected mice treated with neuraminidase inhibitors 80,81. 

Based on aforementioned benefits, most current guidelines such as from the 

American Centers for Disease Control and Prevention (US CDC) and the Infec-

tious Diseases Society of America (IDSA), advise neuraminidase inhibitor treat-

ment in patients at risk for severe infection and those hospitalized 82. 

 A less commonly used antiviral drug is ribavirin. Ribavirin is a broad-spec-

trum antiviral drug with multiple potential mechanisms of action against RNA 

and DNA viruses.  While it has been used for treatment of RSV infections, safe-

ty and efficacy concerns have limited its routine clinical use. Nevertheless,  a 

Cochrane review of 3 small clinical trials suggested reduction in duration of me-

chanical ventilation and a decrease in days of hospitalization. However large 

trials are needed to confirm these observations83. In the Netherlands ribavirin is 

not used for RSV infection. Instead risk groups for severe infection, like preterm 

infants, are treated prophylactically for RSV by using a specific humanized mon-

oclonal antibody called Palivizumab®. 84 
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Treatment of bacterial respiratory  infections became possible with the discov-

ery of penicillin by Fleming in 1928 85,86. During the next decades many different 

antibiotics and classes of antibiotocs were developed. Commonly used antibi-

otics for respiratory infection can be divided into 3 groups 87,88. First of all bet-

alactam antibiotics (e.g. penicillin, amoxicillin and cephalosporins), which act 

by inhibiting bacterial cell wall synthesis of extracellular bacteria. The second 

group of consists of antibiotics that interfere with bacterial protein synthesis 

like; tetracyclines (e.g. doxycycline) and macrolides (e.g. erythomycin, clarithro-

mycin). Finally, the group of quinolones (e.g. moxifloxacin, ciprofloxacin), which 

interfere with bacterial DNA structure by inhibiting the topoisomerase enzyme. 

The latter two groups are also active against cell wall deficient or intracellular 

bacteria. Antibiotic resistance of respiratory bacteria against tetracyclines and 

macrolides is more common than resistance against the betalactam group. Al-

though the impact of bacterial respiratory infections is greatly reduced by anti-

biotics89, increasing antibiotic resistance and very limited development of new 

antibiotics are increasingly threatening the possibilities of adequate therapy in 

future 90-92 

Interestingly, animal studies have shown reduced mortality in influenza-infected 

mice treated with macrolides. Since macrolides have no direct effect on viral repli-

cation, these beneficial effects are thought to be mediated by an immuno-modula-

tory effect of macrolides, i.e. by subsiding excessive immune responses which play 

a role in disease pathogenesis93,94. For bacterial and mixed viral-bacterial infections 

similar effects of macrolides have been described. 95,97 

 Such observations might suggest a role for other immuno-modulatory drugs 

in the treatment of respiratory infections. Corticosteroids, however, have shown ad-

verse effect on survival of influenza and are not recommended for standard treat-

ment of other viral lower tract infections. 84,98,99 A recent clinical study showed prom-

ising results of a combination of corticosteroids and Sirolimus, an mTOR inhibitor 

(also called a non-antibiotic macrolide), for influenza, suggesting a faster recovery 

from acute respiratory failure 100. Future studies, should further investigate the role 

of different immune modulators in viral or combined viral-bacterial pneumonia. 
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Prevention of respiratory infections:

As described earlier risk factors for respiratory infections are numerous indicat-

ing that preventive measurements can be implemented on many levels. Beside 

general hygiene measures, the most important preventive measurement of res-

piratory infections is the use of vaccines. 

 Since the descriptions of Jenner about the inoculation young girls with 

cowpox to protect them form small pox disease101, major steps have been 

made in the prevention of several infectious disease (e.g. the worldwide eradi-

cation of small pox in 1979). With respect to respiratory tract infections, howev-

er, there is still much to gain since for many respiratory pathogens no (optimal) 

vaccines are available.

 The first vaccine against a respiratory virus was that against influenza. 

The first experimental influenza vaccines were developed in the late 1930s 102

Nowadays a trivalent influenza vaccine is used which is updated annually based 

on recent circulating strains worldwide. The effect of influenza vaccination is 

not undebated. Discussion remains which subpopulations benefit from vacci-

nation and also the effect of herd immunity within health care workers is not 

indisputable 74,103-105. Nevertheless the theoretical basis for influenza vaccination 

is sound and a recent meta-analysis, correcting for important biases, conclud-

ed that influenza vaccine is effective in preventing hospitalization and reduc-

ing all-cause mortality in community-dwelling elderly 106 . The discussion about 

effectiveness versus safety and costs results in different national policies for 

influenza vaccination. For example the Advisory Committee on Immunization 

Practices in the United States recommends universal annual influenza vacci-

nation for all people aged 6 months and older. On the other hand, the Health 

Council of the Netherlands recommends vaccination for specific risk groups, 

including individuals over 60 years of age. 

Although RSV is the most prevalent virus in children hospitalized for respiratory 

disease, no vaccine is currently available. Most vaccines studied to date failed 

to elicit an adequate immune response. Remarkably the first (formalin-inacti-

vated) RSV vaccine tested in 1965 was associated with development of more 
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severe disease (80% hospital admission on subsequent natural infection) and 

resulted in the death of two study participants. 107 It was postulated this was 

caused by an excessive immune responses, due to an imbalance between the 

Th1 and Th2 lymphocytes response and poor Toll like receptor stimulation108, 
110. Despite major efforts, clinical use of newly developed RSV vaccines is not 

expected in the near future 111. 

For respiratory bacteria vaccines exist for S. pneumoniae , Bordetella pertussis, 

Haemophilus influenza type B and Coxiella burnetti. During the past decade much 

progress has been made in improving pneumococcal vaccines. The switch from 

unconjugated 7-valent vaccine to the conjugated 13-valent vaccine has shown up 

to 95% reduction of invasive infections by these subtypes in children 112. Although 

these subtypes are partly replaced by less pathogenic subtypes 113, the net results 

still show a significant reduction in invasive pneumococcal morbidity and mortality. 
114  These positive effects occur in children but also in elderly people, who benefit 

from the reduction of pathogenic pneumococcal subtypes in children as the source 

of these subtypes. 115 

Vaccination against Haemophilus influenza type B since the 1980-90s has also shown 

to be very effective in limiting invasive infections by this bacterium, as incidence fell 

from 40-100 per 100.000 to 1 per 100.000 116.

 Bordetella used to be one of the most commons childhood diseases before 

the availability of a vaccine in the 1950s. After the start of national vaccination pro-

grams in western countries, morbidity and mortality were reduced by > 90% 117. Re-

cently, an increase in pertussis disease has been observed, despite an excellent vac-

cination coverage in western countries 118. This shows the importance of continuous 

surveillance of vaccine preventable diseases. In that way, subsequent measurements 

can be taken when vaccinated populations show waning immunity, or pathogens 

evolve to be less susceptible to immunity ignited by the antigen used in the vaccine.

 The recent cattle induced epidemic of C. burnetti (Q-fever) in the 

Netherlands has raised the question whether vaccination with the Australian 

licensed Q fever vaccine should be implemented 119. The Health Council of the 

Netherlands concluded that such a vaccine should be available for patients 
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with specific endovascular diseases but it refrained from vaccinating the whole 

population due to specific safety questions. Instead of widespread vaccination 

of humans, cohorts of animals were vaccinated, effectively ceasing the Q-fever 

endemic in the Netherlands 120 .   

As mentioned earlier vaccines for respiratory pathogens play an important 

role in the prevention of (severe) disease, especially in the most vulnerable 

subgroups. Nevertheless improvement of many existing vaccines is needed, 

as well as the development of (cheap) vaccines for respiratory pathogens of 

global importance like RSV, human metapneumovirus, and tuberculosis. Last 

but not least, the preparedness to quickly develop specific vaccines in case of 

future pandemics (e.g. new strains of coronaviruses, influenza virus) needs to 

be a persistent point of attention of academical and pharmaceutical scientist. 

Respiratory tract infections: the diagnostic perspective

In 1985 the former science fiction writer Kary Mullis described the polymerase 

chain reaction (PCR) technique, for which eight years later he would receive the 

Nobel prize121 PCR is an optimized way of DNA amplification in the laboratory, 

making use of nucleic acids and heat resistant polymerases enzymes. By am-

plifying specific parts of DNA up to billion or more copies, it becomes possible 

to actually visualize the presence of specific DNA in a sample. The introduction 

of PCR, which of course took some time before it was introduced in routine di-

agnostics, opened up a whole new world of pathogen detection. Especially for 

respiratory viruses this led to a paradigm shift for detection. Until then viruses 

were detected by methods developed at the end of the nineteen and the be-

ginning of the 20th century.

Before the introduction of molecular techniques in the diagnosis of viral infec-

tion identification of viruses in clinical material was a cumbersome job. Until the 

first halve of the 19th century, the 3 kinds of pathogens that were known to cause 
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infectious diseases, were bacteria, parasites and fungi, which became visible 

after the improvement of the light microscope by scientist like van Leeuwen-

hoek in the 17th century. In 1884 Charles Chamberland, a French microbiologist, 

invented a porcelain filter with pores smaller than bacteria. Using similar kind 

of filters, the Russian Dmitry Ivanovsky studied tobacco plant mosaic disease 

and he assumed the filtrated agent, causing the disease was a toxin. Perform-

ing comparable experiments in 1898, the Dutch scientist Martinus Beijerinck 

deduced that the filtered solution contained a new kind of infectious agent and 

gave it the name virus. The era of medical virology began with the discovery of 

Loeffler and Frosh, who showed that foot and mouth disease was also caused 

by a similar small filterable infectious agent122 

Throughout the next tree decades, diagnosis of viral infections was only pos-

sible through indirect methods as transmission of viral agents to laboratory 

animals or by cytological or histological changes in affected tissue. In 1929 

Bedson and Bland were the first to diagnose viral disease by detecting anti-

bodies, using a so called complement fixation test 123 This became one of the 

most important techniques in clinical viral diagnostics of the 20th century and 

is still used until the present day.  Antibody detection developed further after 

the 1950s resulting in first generation (whole virion based), second generation 

(recombinant antigen based), third generation (sandwich elisa) and fourth gen-

eration (sandwich elisa that combine antibody antigen capture) elisa’s. Direct 

detection of antigen became possible in 1955 when Lui detected influenza A 

virus antigen in nasal smears by the use of fluorescent antibodies 124

 In 1933, the physicist Ernst Ruska invented the electron microscope, for 

which he received the Nobel prize in 1986. This made it possible to actually 

visualize virus particles. His brother Helmut Ruska, who was a physician, quick-

ly realized the potential of this and started to described the morphology of 

many viruses in the beginning of the 1940s including the icosahedral structures 

as shown on the cover of this thesis 125. The first diagnostic application was 

done by Nagler and Rake in 1948, who started to differentiate small pox from 

chicken pox (varicella-zoster virus) by using fluid from pox vesicles of patients 
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126. Electron miscopy for direct clinical purposes is not used anymore, because 

of its limited sensitivity (about 105–106 viral particles/ml). However until today 

similar techniques are still performed on respiratory viruses to understand viral 

structure and the interaction between viruses and their host cells127. 

       Another breakthrough in the field of virology was the discovery that 

viruses could be grown in tissue culture, first demonstrated by the isolation of 

human poliomyelitis viruses by Weller and Enders 128 Tissue culture facilitates 

propagation of viruses and is useful for both diagnostic and fundamental re-

search purposes. Moreover, it proved to be a major step in the development 

and production of vaccines. Diagnostic virus culture was further developed in 

the end of the 20th century in to so called “cell vial culture”. With this tech-

nique virus is centrifuged on to a thin cell layer, with together with the applica-

tion of fluorescent monoclonal antibodies, resulted in more sensitive and more 

rapid clinical diagnostic procedures .

 While the previous techniques were major contributions to the field of 

virology, PCR as set the new standard for viral diagnostics. PCR has shown ma-

jor improvement in sensitivity and throughput time 129-132.  Moreover, using re-

al-time PCR it is possible to quantitate the amount of nucleic acids in the tested 

sample and at the same time restricting post PCR handling and associated con-

tamination risks 133. Besides showing higher sensitivities for detection of know 

respiratory viruses like RSV, InfA and AdV  , this technique has enabled the 

detection of previous unknown respiratory viruses. In 2001, human metapneu-

movirus was the first human respiratory virus discovered in several decades, by 

using PCR134. A few years later this was followed by, CoV NL63 (2003), CoVHKU1 

(2005), human bocavirus (2005), human rhinovirus C (2007) and D (2009) groups 

and KI and WU polyomavirus 135 .The speed of PCR detection has helped to 

contain a worldwide outbreak of SARS CoV 136 and is an essential tool to screen 

for emerging viruses like MERS-CoV and novel strains of influenza virus 137,138. 

 However, despite the technical advantages and the discovery of new 

viruses, the impact of viral PCR results on clinical decision-making in individual 

patients has shown to be difficult 139,140,141 The main reason for this is lack of 

knowledge about the clinical interpretation of positive viral test results. For 
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example, clinical interpretation is complicated by the ability of PCR to detect 

asymptomatic carriership and the frequent detection of multiple respiratory 

pathogens within one sample The previous decade the development of PCR 

for respiratory pathogens has mainly been technology driven. The availability 

of affordable PCR reagents, the open source knowledge needed for the de-

velopment of specific primers, and the appearance of PCR machines that can 

measure different amplification processes within one test tube, caused a rush 

in the development of in-house and commercial PCR assays. At the beginning 

of the research described in this thesis (2007) many studies had been published 

showing the technical superiority of PCR, compared to classic virological tech-

niques. However up to then, very few studies have looked into the actual inter-

pretation of diagnostic results, including for example the relationship between 

(longitudinal) quantitative results in relation to clinical disease. In table 2 a sum-

mary of advantages and shortcomings of PCR compared to other techniques 

are described.

Outline of the Thesis 

As described previously, in up to 40% of the acute respiratory tract infections 

no pathogen is identified. The development of PCR for respiratory pathogens 

contributes significantly to a solution of this diagnostic gap. In chapter 2 we 

describe the comprehensive validation of our multiplex PCR compared to its 

single-target PCR counterparts. In this study we validated our technique by 

using non-clinical plasmid targets, and prospectively obtained nasopharyngeal 

aspirates. Analyses of these samples showed high concordance for all viruses 

tested except for clinical samples with low levels of enterovirus, in co-dection 

with other viruses. 

 In chapter 3 we used the multiplex PCR in children below 6 years old 

and hospitalized with symptoms of acute respiratory disease. Patients were 

followed for 3 up to 7 days. Nasal aspirates were collected and tested for 14 

human respiratory viral pathogens. The quantitative data were correlated with 
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disease severity. In follow up samples, overall viral clearance was associated 

with clinical improvement after 3 days. However in some patients we even 

found viral presence after resolution of symptoms, suggesting that presence of 

viral RNA/DNA does not always reflect acute disease. Hence, we performed a 

prospective case control study in asymptomatic and symptomatic young chil-

dren described in chapter 4. At least one virus was detected in 72% of the 

cases and, surprisingly, in 28% of asymptomatic controls. Rhinovirus, CoV and 

hBoV, were most frequently detected in asymptomatic individuals. The number 

of viral copies for RV, InfA & CoV were significantly higher in patients compared 

to controls. 

 Since adenoids are a known source of latent presence of adenovirus, 

we examined if other respiratory viruses can be found in the adenoid tissue of 

non-overtly ill children, who had an elective adenoidectomy (chapter 5). The 

screening for 14 different viruses showed that 80% of the adenoids were tested 

positive for one or more viruses. Remarkably, co-detection was found in 71% of 

the positive samples.

  In chapter 6, we performed a longitudinal prospective study in 81 neu-

tropenic immunocompromised patients, before and during neutropenia.  It is 

known that during febrile neutropenia in only 30- to 60% of the patients an 

infectious agent is identified. With the implementation of the multiplex PCR for 

multiple respiratory viruses we hoped to find more information into the patho-

gens involved in neutropenic fever. As we hardly detected any viral DNA/RNA 

in the samples, we concluded that blind diagnostic screening for respiratory 

viruses before or during neutropenia is not useful. 

Although the pathogenic synergy between viruses and bacteria is known the 

detection of viral pathogens is often addressed alone and not in the context of 

a concurrent bacterial infection 142 . As a result a possible viral-bacterial co-in-

fection and interaction is neglected. In chapter 7 we therefore examined vi-

ral-bacterial co-infection in nasal washes of 227 children admitted with acute 

respiratory tract infection. 

Chapter 8 summarizes the results of abovementioned studies and future per-

spectives are discussed in relation to these studies and the recent literature. 
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Table 1
Microorganism commonly causing community acquired 

acute respiratory disease in immune competent children & adults

Organism Type Name Abbreviation Remarks

Bacteria Streptococcus 
pneumoniae Spneu

Asymptomatic colonization is common 
especially in young children.
Pathogenicity differs per subtype.

Haemophilus 
influenzae Hin Asymptomatic colonization is common 

especially in young children.

Mycoplasma 
pneumoniae Mpneu -

Chlamydophila 
spp Chlam spp Chlamydophila pneumonia (Chlam pn) 

Chlamydophila Psittaci (Chlam ps)

Legionella pneu-
mophila Lpneu Spread by aerosols from ambient heated 

water systems. 

Bordetella (para) 
pertussis Bpert

Disease is semi acute: Symtoms start 
starts with cold-like symptoms but severe 
coughing can begin after 1-2 weeks

Coxiella burnetti Cbur Cattle associated outbreaks

Viruses
Influenza type 
A &B InfA & InfB Considered to be the most important 

respiratory virus in adults

Respiratory Syncy-
tial Virus RSV Considered to be the most important 

respiratory virus in children

Rhinovirus RV

The pathogen classically causing “com-
mon cold”, but nowadays also associated 
with lower respiratory tract infections. 
More than 150 subtypes. 

Human Metap-
neumo-Virus hMPV -

Coronavirus CoV Well known pathogenic subtypes are 
SARS-CoV, MERS-CoV

Adenovirus AdV Especially type 1-4,7,14 & 21

Human Bocavirus hBoV Especially type 1

Para-Influenza-
virus PIV For types; 1,2,3 & 4
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Table 2
Advantages and shortcomings of different detection methods for respira-

tory viruses

Viral culture Less anticipation on which viral 
species needs to be detected
Generating a stock of viable 
virus for research purposes

Labor-intensive
Long turnaround time
Non-viable, or un-culturable, 
viruses are not detected
Moderately sensitive

Electron microscopy Examine viral behavior in its 
local environment

Labor-intensive
Moderately sensitive

Antibody detection Fast turn around time possible
Cheap
Detection of host response, 
implicating true infection

Moderately sensitive
Unspecific, especially for IgM 
molecules
Often need for convalescent 
serum

Antigen detection Fast turn around possible
Cheap
Examine viral behavior in its 
local environment 

Moderately sensitive
Labor-intensive
Inter-observer differences
Moderately specific

(real-time) PCR Very sensitive
Direct detection before the 
development of antibodies
Fast turn around time possible
Relative reliable and easy quan-
titation
PCR product can by (geno)typed 
Sample type and sample 
handling is less critical than for 
culture or antigen detection
Relatively easy to perform multi-
ple test for multiple samples
Relatively easy to expend the 
amounts of test during out-
breaks or pandemics.

Moderately expensive
Detection of minimal amounts of 
viral DNA/RNA, hampers clinical 
interpretation
Need for a separate laboratory 
when not using complete closed 
systems
Missing (upcoming) unknown 
genetic variants

Detection Method Advantages Shortcomings
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