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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 . 
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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. 

proefschift-rjansen-1-0 20141026 rj.indd   24 27-10-2014   19:21:56



25

Introduction

1

C
hap

ter

Reference list 

1. http://who.int/mediacentre/factsheets/fs310/en/ (2014) Enarson, D. A. & Chretien, J. Epi-

demiology of respiratory infectious diseases. Curr. Opin. Pulm. Med. 5, 128-135 (1999).

2. Williams, B. G., Gouws, E., Boschi-Pinto, C., Bryce, J. & Dye, C. Estimates of world-wide 

distribution of child deaths from acute respiratory infections. Lancet Infect. Dis. 2, 25-32 

(2002).

3. Monto, A. S. Epidemiology of viral respiratory infections. Am. J. Med. 112 Suppl 6A, 

4S-12S (2002).

4. Molinari, N. A. et al. The annual impact of seasonal influenza in the US: measuring disease 

burden and costs. Vaccine 25, 5086-5096 (2007).

5. Williams, B. G., Gouws, E., Boschi-Pinto, C., Bryce, J. & Dye, C. Estimates of world-wide 

distribution of child deaths from acute respiratory infections. Lancet Infect. Dis. 2, 25-32 

(2002).

6. Huijskens, E. G. et al. Viral and bacterial aetiology of community-acquired pneumonia in 

adults. Influenza. Other Respir. Viruses. 7, 567-573 (2013).

7. Sinaniotis, C. A. & Sinaniotis, A. C. Community-acquired pneumonia in children. Curr. 

Opin. Pulm. Med. 11, 218-225 (2005).

8. Juven, T. et al. Etiology of community-acquired pneumonia in 254 hospitalized children. 

Pediatr. Infect. Dis. J. 19, 293-298 (2000).

9. van Gageldonk-Lafeber, A. B. et al. The aetiology of community-acquired pneumonia and 

implications for patient management. Neth. J. Med. 71, 418-425 (2013).

10. Johnston, S. L. et al. The relationship between upper respiratory infections and hospital 

admissions for asthma: a time-trend analysis. Am. J. Respir. Crit Care Med. 154, 654-660 

(1996).

11. Brusselle, G. G., Provoost, S., Bracke, K. R., Kuchmiy, A. & Lamkanfi, M. Inflammasomes in 

respiratory disease: from bench to bedside. Chest 145, 1121-1133 (2014).

12. Thangavel, R. R. & Bouvier, N. M. Animal models for influenza virus pathogenesis, transmis-

sion, and immunology. J. Immunol. Methods (2014).

13. McCullers, J. A. The co-pathogenesis of influenza viruses with bacteria in the lung. Nat. 

Rev. Microbiol. 12, 252-262 (2014).

14. Verhagen, L. M., Luesink, M., Warris, A., de, G. R. & Hermans, P. W. Bacterial respiratory 

proefschift-rjansen-1-0 20141026 rj.indd   25 27-10-2014   19:21:57



26

Chapter 1

pathogens in children with inherited immune and airway disorders: nasopharyngeal car-

riage and disease risk. Pediatr. Infect. Dis. J. 32, 399-404 (2013).

15. Hornsleth, A. et al. Severity of respiratory syncytial virus disease related to type and geno-

type of virus and to cytokine values in nasopharyngeal secretions. Pediatr. Infect. Dis. J. 17, 

1114-1121 (1998).

16. Martinello, R. A., Chen, M. D., Weibel, C. & Kahn, J. S. Correlation between respiratory 

syncytial virus genotype and severity of illness. J. Infect. Dis. 186, 839-842 (2002).

17. Lowen, A. C. & Steel, J. Roles of humidity and temperature in shaping influenza seasonali-

ty. J. Virol. (2014).

18. Steel, J., Palese, P. & Lowen, A. C. Transmission of a 2009 pandemic influenza virus shows a 

sensitivity to temperature and humidity similar to that of an H3N2 seasonal strain. J. Virol. 

85, 1400-1402 (2011).

19. Lowen, A. C., Steel, J., Mubareka, S. & Palese, P. High temperature (30 degrees C) blocks 

aerosol but not contact transmission of influenza virus. J. Virol. 82, 5650-5652 (2008).

20. Yoo, J. K., Kim, T. S., Hufford, M. M. & Braciale, T. J. Viral infection of the lung: host re-

sponse and sequelae. J. Allergy Clin. Immunol. 132, 1263-1276 (2013).

21. Globinska, A., Pawelczyk, M. & Kowalski, M. L. MicroRNAs and the immune response to 

respiratory virus infections. Expert. Rev. Clin. Immunol. (2014).

22. Kroeker, A. L. & Coombs, K. M. Systems biology unravels interferon responses to respirato-

ry virus infections. World J. Biol. Chem. 5, 12-25 (2014).

23. Braciale, T. J., Sun, J. & Kim, T. S. Regulating the adaptive immune response to respiratory 

virus infection. Nat. Rev. Immunol. 12, 295-305 (2012).

24. Aberle, J. H. et al. Single versus dual respiratory virus infections in hospitalized infants: 

impact on clinical course of disease and interferon-gamma response. Pediatr. Infect. Dis. J. 

24, 605-610 (2005).

25. Szabo, S. M. et al. The risk of mortality among young children hospitalized for severe respi-

ratory syncytial virus infection. Paediatr. Respir. Rev. 13 Suppl 2, S1-S8 (2013).

26. Murray, J. et al. Risk factors for hospital admission with RSV bronchiolitis in England: a 

population-based birth cohort study. PLoS. One. 9, e89186 (2014).

27. de, J. et al. Fatal outcome of human influenza A (H5N1) is associated with high viral load 

and hypercytokinemia. Nat. Med. 12, 1203-1207 (2006).

28. Peiris, J. S., Cheung, C. Y., Leung, C. Y. & Nicholls, J. M. Innate immune responses to influ-

proefschift-rjansen-1-0 20141026 rj.indd   26 27-10-2014   19:21:57



27

Introduction

1

C
hap

ter

enza A H5N1: friend or foe? Trends Immunol. 30, 574-584 (2009).

29. Mok, K. P. et al. Viral genetic determinants of H5N1 influenza viruses that contribute to 

cytokine dysregulation. J. Infect. Dis. 200, 1104-1112 (2009).

30. Aliberti, S. & Kaye, K. S. The changing microbiologic epidemiology of community-acquired 

pneumonia. Postgrad. Med. 125, 31-42 (2013).

31. Wunderink, R. G. & Waterer, G. W. Clinical practice. Community-acquired pneumonia. N. 

Engl. J. Med. 370, 543-551 (2014).

32. Torres, A., Blasi, F., Peetermans, W. E., Viegi, G. & Welte, T. The aetiology and antibiotic 

management of community-acquired pneumonia in adults in Europe: a literature review. 

Eur. J. Clin. Microbiol. Infect. Dis. (2014).

33. van der, P. T. & Opal, S. M. Pathogenesis, treatment, and prevention of pneumococcal 

pneumonia. Lancet 374, 1543-1556 (2009).

34. Hausdorff, W. P., Feikin, D. R. & Klugman, K. P. Epidemiological differences among pneu-

mococcal serotypes. Lancet Infect. Dis. 5, 83-93 (2005).

35. Tenenbaum, T. et al. Clinical characteristics of children with lower respiratory tract infec-

tions are dependent on the carriage of specific pathogens in the nasopharynx. Eur. J. Clin. 

Microbiol. Infect. Dis. 31, 3173-3182 (2012).

36. Jourdain, S. et al. Differences in nasopharyngeal bacterial carriage in preschool children 

from different socio-economic origins. Clin. Microbiol. Infect. 17, 907-914 (2011).

37. Eddens, T. & Kolls, J. K. Host defenses against bacterial lower respiratory tract infection. 

Curr. Opin. Immunol. 24, 424-430 (2012).

38. Torres, A., Peetermans, W. E., Viegi, G. & Blasi, F. Risk factors for community-acquired 

pneumonia in adults in Europe: a literature review. Thorax 68, 1057-1065 (2013).

39. McCullers, J. A. Do specific virus-bacteria pairings drive clinical outcomes of pneumonia? 

Clin. Microbiol. Infect. 19, 113-118 (2013).

40. Principi, N. & Esposito, S. Emerging role of Mycoplasma pneumoniae and Chlamydia 

pneumoniae in paediatric respiratory-tract infections. Lancet Infect. Dis. 1, 334-344 (2001).

41. Esposito, S. et al. Acute tonsillopharyngitis associated with atypical bacterial infection 

in children: natural history and impact of macrolide therapy. Clin. Infect. Dis. 43, 206-209 

(2006).

42. Hammerschlag, M. R. The intracellular life of chlamydiae. Semin. Pediatr. Infect. Dis. 13, 

239-248 (2002).

proefschift-rjansen-1-0 20141026 rj.indd   27 27-10-2014   19:21:57



28

Chapter 1

43. Bruggemann, H., Cazalet, C. & Buchrieser, C. Adaptation of Legionella pneumophila to 

the host environment: role of protein secretion, effectors and eukaryotic-like proteins. Curr. 

Opin. Microbiol. 9, 86-94 (2006).

44. Price, C. T., Richards, A. M., Von Dwingelo, J. E., Samara, H. A. & Abu, K. Y. Amoeba 

host-Legionella synchronization of amino acid auxotrophy and its role in bacterial adapta-

tion and pathogenic evolution. Environ. Microbiol. 16, 350-358 (2014).

45. Hewlett, E. L. et al. Pertussis pathogenesis--what we know and what we don’t know. J. 

Infect. Dis. 209, 982-985 (2014).

46. Melvin, J. A., Scheller, E. V., Miller, J. F. & Cotter, P. A. Bordetella pertussis pathogenesis: 

current and future challenges. Nat. Rev. Microbiol. 12, 274-288 (2014).

47. Darling, C. A. The epidemiology and bacteriology of influenza. Am. J. Public Health (N. Y. ) 

8, 751-754 (1918).

48. Hers, J. F., Masurel, N. & MULDER, J. Bacteriology and histopathology of the respiratory 

tract and lungs in fatal Asian influenza. Lancet 2, 1141-1143 (1958).

49. Oseasohn, R., Adelson, L. & KAJI, M. Clinicopathologic study of thirty-three fatal cases of 

Asian influenza. N. Engl. J. Med. 260, 509-518 (1959).

50. Jansen, A. G. et al. Invasive pneumococcal and meningococcal disease: association with 

influenza virus and respiratory syncytial virus activity? Epidemiol. Infect. 136, 1448-1454 

(2008).

51. Rodrigues, F. et al. Relationships between rhinitis symptoms, respiratory viral infections 

and nasopharyngeal colonization with Streptococcus pneumoniae, Haemophilus influen-

zae and Staphylococcus aureus in children attending daycare. Pediatr. Infect. Dis. J. 32, 

227-232 (2013).

52. Hishiki, H. et al. Incidence of bacterial coinfection with respiratory syncytial virus bron-

chopulmonary infection in pediatric inpatients. J. Infect. Chemother. 17, 87-90 (2011).

53. Pettigrew, M. M. et al. Viral-bacterial interactions and risk of acute otitis media complicat-

ing upper respiratory tract infection. J. Clin. Microbiol. 49, 3750-3755 (2011).

54. Alymova, I. V. et al. The novel parainfluenza virus hemagglutinin-neuraminidase inhibitor 

BCX 2798 prevents lethal synergism between a paramyxovirus and Streptococcus pneumo-

niae. Antimicrob. Agents Chemother. 49, 398-405 (2005).

55. Kukavica-Ibrulj, I. et al. Infection with human metapneumovirus predisposes mice to severe 

pneumococcal pneumonia. J. Virol. 83, 1341-1349 (2009).

proefschift-rjansen-1-0 20141026 rj.indd   28 27-10-2014   19:21:57



29

Introduction

1

C
hap

ter

56. Stark, J. M., Stark, M. A., Colasurdo, G. N. & LeVine, A. M. Decreased bacterial clearance 

from the lungs of mice following primary respiratory syncytial virus infection. J. Med. Virol. 

78, 829-838 (2006).

57. Wilson, R. et al. Upper respiratory tract viral infection and mucociliary clearance. Eur. J. 

Respir. Dis. 70, 272-279 (1987).

58. Sun, K. & Metzger, D. W. Inhibition of pulmonary antibacterial defense by interferon-gam-

ma during recovery from influenza infection. Nat. Med. 14, 558-564 (2008).

59. Small, C. L. et al. Influenza infection leads to increased susceptibility to subsequent bacte-

rial superinfection by impairing NK cell responses in the lung. J. Immunol. 184, 2048-2056 

(2010).

60. Shahangian, A. et al. Type I IFNs mediate development of postinfluenza bacterial pneumo-

nia in mice. J. Clin. Invest 119, 1910-1920 (2009).

61. Ren, J. et al. Human metapneumovirus M2-2 protein inhibits innate immune response in 

monocyte-derived dendritic cells. PLoS. One. 9, e91865 (2014).

62. Vissers, M. et al. Respiratory syncytial virus infection augments NOD2 signaling in an 

IFN-beta-dependent manner in human primary cells. Eur. J. Immunol. 42, 2727-2735 (2012).

63. Hang do, T. T. et al. Differential effect of prior influenza infection on alveolar macrophage 

phagocytosis of Staphylococcus aureus and Escherichia coli: involvement of interfer-

on-gamma production. Microbiol. Immunol. 55, 751-759 (2011).

64. Ghoneim, H. E., Thomas, P. G. & McCullers, J. A. Depletion of alveolar macrophages 

during influenza infection facilitates bacterial superinfections. J. Immunol. 191, 1250-1259 

(2013).

65. Xu, R. et al. Interaction between the hemagglutinin-neuraminidase and fusion glyco-

proteins of human parainfluenza virus type III regulates viral growth in vivo. MBio. 4, 

e00803-e00813 (2013).

66. Palermo, L. M. et al. Human parainfluenza virus infection of the airway epithelium: viral 

hemagglutinin-neuraminidase regulates fusion protein activation and modulates infectivity. 

J. Virol. 83, 6900-6908 (2009).

67. Avadhanula, V. et al. Respiratory viruses augment the adhesion of bacterial pathogens 

to respiratory epithelium in a viral species- and cell type-dependent manner. J. Virol. 80, 

1629-1636 (2006).

68. Arnold, R. & Konig, W. Respiratory syncytial virus infection of human lung endothelial cells 

proefschift-rjansen-1-0 20141026 rj.indd   29 27-10-2014   19:21:57



30

Chapter 1

enhances selectively intercellular adhesion molecule-1 expression. J. Immunol. 174, 7359-

7367 (2005).

69. Iverson, A. R. et al. Influenza virus primes mice for pneumonia from Staphylococcus aureus. 

J. Infect. Dis. 203, 880-888 (2011).

70. See, H. et al. Increased incidence of parapneumonic empyema in children at a french pedi-

atric tertiary care center during the 2009 influenza A (H1N1) virus pandemic. Pediatr. Infect. 

Dis. J. 29, 786-787 (2010).

71. Bacterial coinfections in lung tissue specimens from fatal cases of 2009 pandemic influenza 

A (H1N1) - United States, May-August 2009. MMWR Morb. Mortal. Wkly. Rep. 58, 1071-

1074 (2009).

72. Oh, D. Y. & Hurt, A. C. A Review of the Antiviral Susceptibility of Human and Avian Influen-

za Viruses over the Last Decade. Scientifica. (Cairo. ) 2014, 430629 (2014).

73. Jefferson, T. et al. Oseltamivir for influenza in adults and children: systematic review of clini-

cal study reports and summary of regulatory comments. BMJ 348, g2545 (2014).

74. Michiels, B., Van, P. K., Verhoeven, V., Vermeire, E. & Coenen, S. The value of neuramini-

dase inhibitors for the prevention and treatment of seasonal influenza: a systematic review 

of systematic reviews. PLoS. One. 8, e60348 (2013).

75. Torjesen, I. Cochrane review questions effectiveness of neuraminidase inhibitors. BMJ 348, 

g2675 (2014).

76. Muthuri, S. G. et al. Effectiveness of neuraminidase inhibitors in reducing mortality in pa-

tients admitted to hospital with influenza A H1N1pdm09 virus infection: a meta-analysis of 

individual participant data. Lancet Respir. Med. 2, 395-404 (2014).

77. Metersky, M. L., Masterton, R. G., Lode, H., File, T. M., Jr. & Babinchak, T. Epidemiology, 

microbiology, and treatment considerations for bacterial pneumonia complicating influen-

za. Int. J. Infect. Dis. 16, e321-e331 (2012).

78. Kaiser, L. et al. Impact of oseltamivir treatment on influenza-related lower respiratory tract 

complications and hospitalizations. Arch. Intern. Med. 163, 1667-1672 (2003).

79. Tanaka, A. et al. The effect of intravenous peramivir, compared with oral oseltamivir, on the 

outcome of post-influenza pneumococcal pneumonia in mice. Antivir. Ther. (2014).

80. McCullers, J. A. Effect of antiviral treatment on the outcome of secondary bacterial pneu-

monia after influenza. J. Infect. Dis. 190, 519-526 (2004).

81. Arriola, C. S. et al. Update: influenza activity - United States, September 29, 2013-February 

proefschift-rjansen-1-0 20141026 rj.indd   30 27-10-2014   19:21:57



31

Introduction

1

C
hap

ter

8, 2014. MMWR Morb. Mortal. Wkly. Rep. 63, 148-154 (2014).

82. Ventre, K. & Randolph, A. G. Ribavirin for respiratory syncytial virus infection of the lower 

respiratory tract in infants and young children. Cochrane. Database. Syst. Rev. CD000181 

(2007).

83. Turner, T. L. et al. Respiratory syncytial virus: current and emerging treatment options. Clini-

coecon. Outcomes. Res. 6, 217-225 (2014).

84. Flemming, A. The story of penicillin. J. Am. Inst. Homeopath. 39, 154-157 (1946).

85. Clutterbuck, P. W., Lovell, R. & Raistrick, H. Studies in the biochemistry of micro-organ-

isms: The formation from glucose by members of the Penicillium chrysogenum series of 

a pigment, an alkali-soluble protein and penicillin-the antibacterial substance of Fleming. 

Biochem. J. 26, 1907-1918 (1932).

86. van Werkhoven, C. H., Postma, D. F., Oosterheert, J. J. & Bonten, M. J. Antibiotic treat-

ment of moderate-severe community-acquired pneumonia: design and rationale of a 

multicentre cluster-randomised cross-over trial. Neth. J. Med. 72, 170-178 (2014).

87. Postma, D. F. et al. New trends in the prevention and management of community-acquired 

pneumonia. Neth. J. Med. 70, 337-348 (2012).

88. Lodha, R., Kabra, S. K. & Pandey, R. M. Antibiotics for community-acquired pneumonia in 

children. Cochrane. Database. Syst. Rev. 6, CD004874 (2013).

89. Balkhy, H. H. et al. Drug-resistant ventilator associated pneumonia in a tertiary care hospi-

tal in Saudi Arabia. Ann. Thorac. Med. 9, 104-111 (2014).

90. Low, D. E. What is the relevance of antimicrobial resistance on the outcome of communi-

ty-acquired pneumonia caused by Streptococcus pneumoniae? (should macrolide mono-

therapy be used for mild pneumonia?). Infect. Dis. Clin. North Am. 27, 87-97 (2013).

91. Hurst, J. M. & Bosso, J. A. Antimicrobial stewardship in the management of community-ac-

quired pneumonia. Curr. Opin. Infect. Dis. 26, 184-188 (2013).

92. Sugamata, R. et al. Leucomycin A3, a 16-membered macrolide antibiotic, inhibits influenza 

A virus infection and disease progression. J. Antibiot. (Tokyo) 67, 213-222 (2014).

93. Sato, K. et al. Therapeutic effect of erythromycin on influenza virus-induced lung injury in 

mice. Am. J. Respir. Crit Care Med. 157, 853-857 (1998).

94. McEvoy, C. et al. Macrolides Are Associated with a Better Survival Rate in Patients Hospi-

talized with Community-Acquired But Not Healthcare-Associated Pneumonia. Surg. Infect. 

(Larchmt. ) (2014).

proefschift-rjansen-1-0 20141026 rj.indd   31 27-10-2014   19:21:57



32

Chapter 1

95. Karlstrom, A., Boyd, K. L., English, B. K. & McCullers, J. A. Treatment with protein synthesis 

inhibitors improves outcomes of secondary bacterial pneumonia after influenza. J. Infect. 

Dis. 199, 311-319 (2009).

96. Chalmers, J. D. Macrolides and mortality in severe community-acquired pneumonia. Crit 

Care Med. 42, 475-477 (2014).

97. Ruuskanen, O., Lahti, E., Jennings, L. C. & Murdoch, D. R. Viral pneumonia. Lancet 377, 

1264-1275 (2011).

98. Kim, S. H. et al. Corticosteroid treatment in critically ill patients with pandemic influenza 

A/H1N1 2009 infection: analytic strategy using propensity scores. Am. J. Respir. Crit Care 

Med. 183, 1207-1214 (2011).

99. Wang, C. H. et al. Adjuvant treatment with a mammalian target of rapamycin inhibitor, 

sirolimus, and steroids improves outcomes in patients with severe H1N1 pneumonia and 

acute respiratory failure. Crit Care Med. 42, 313-321 (2014).

100. Eyler, J. M. Smallpox in history: the birth, death, and impact of a dread disease. J. Lab Clin. 

Med. 142, 216-220 (2003).

101. Salk, J. E., Lavin, G. I. & Francis, T. The antigenic potency of epidemic influenza virus fol-

lowing inactivation by ultraviolet radiation. J. Exp. Med. 72, 729-745 (1940).

102. Jefferson, T. et al. Vaccines for preventing influenza in the elderly. Cochrane. Database. 

Syst. Rev. CD004876 (2010).

103. Baxter, R., Lee, J. & Fireman, B. Evidence of bias in studies of influenza vaccine effective-

ness in elderly patients. J. Infect. Dis. 201, 186-189 (2010).

104. Dolan, G. P. et al. Vaccination of health care workers to protect patients at increased risk 

for acute respiratory disease. Emerg. Infect. Dis. 18, 1225-1234 (2012).

105. Darvishian, M. et al. After adjusting for bias in meta-analysis seasonal influenza vaccine 

remains effective in community-dwelling elderly. J. Clin. Epidemiol. (2014).

106. Kim, H. W. et al. Respiratory syncytial virus disease in infants despite prior administration of 

antigenic inactivated vaccine. Am. J. Epidemiol. 89, 422-434 (1969).

107. Kapikian, A. Z., Mitchell, R. H., Chanock, R. M., Shvedoff, R. A. & Stewart, C. E. An epide-

miologic study of altered clinical reactivity to respiratory syncytial (RS) virus infection in 

children previously vaccinated with an inactivated RS virus vaccine. Am. J. Epidemiol. 89, 

405-421 (1969).

108. Delgado, M. F. et al. Lack of antibody affinity maturation due to poor Toll-like receptor 

proefschift-rjansen-1-0 20141026 rj.indd   32 27-10-2014   19:21:57



33

Introduction

1

C
hap

ter

stimulation leads to enhanced respiratory syncytial virus disease. Nat. Med. 15, 34-41 

(2009).

109. Piedra, P. A. Clinical experience with respiratory syncytial virus vaccines. Pediatr. Infect. Dis. 

J. 22, S94-S99 (2003).

110. Yang, K. & Varga, S. M. Mucosal vaccines against respiratory syncytial virus. Curr. Opin. 

Virol. (2014).

111. McGarry, L. J. et al. Impact of 13-valent pneumococcal conjugate vaccine (PCV13) in a pan-

demic similar to the 2009 H1N1 in the United States. BMC. Infect. Dis. 13, 229 (2013).

112. Van Mens, S. P. et al. Increased incidence of serotype-1 invasive pneumococcal disease in 

young female adults in The Netherlands. Epidemiol. Infect. 1-4 (2013).

113. Weil-Olivier, C., van der, L. M., de, S., I, Dagan, R. & Mantovani, L. Prevention of pneumo-

coccal diseases in the post-seven valent vaccine era: a European perspective. BMC. Infect. 

Dis. 12, 207 (2012).

114. Sharma, D. et al. Pneumococcal carriage and invasive disease in children before introduc-

tion of the 13-valent conjugate vaccine: comparison with the era before 7-valent conjugate 

vaccine. Pediatr. Infect. Dis. J. 32, e45-e53 (2013).

115. Georges, S., Lepoutre, A., Dabernat, H. & Levy-Bruhl, D. Impact of Haemophilus influenzae 

type b vaccination on the incidence of invasive Haemophilus influenzae disease in France, 

15 years after its introduction. Epidemiol. Infect. 141, 1787-1796 (2013).

116. Amirthalingam, G., Gupta, S. & Campbell, H. Pertussis immunisation and control in Eng-

land and Wales, 1957 to 2012: a historical review. Euro. Surveill 18, (2013).

117. Clark, T. A. Changing pertussis epidemiology: everything old is new again. J. Infect. Dis. 

209, 978-981 (2014).

118. Georgiev, M. et al. Q fever in humans and farm animals in four European countries, 1982 to 

2010. Euro. Surveill 18, (2013).

119. van der, H. W. et al. Shifting priorities in the aftermath of a Q fever epidemic in 2007 to 

2009 in The Netherlands: from acute to chronic infection. Euro. Surveill 17, 20059 (2012).

120. Bartlett, J. M. & Stirling, D. A short history of the polymerase chain reaction. Methods Mol. 

Biol. 226, 3-6 (2003).

121. Knipe, DM and Howley, P . Fields Virology, 4th Edition, Lippincott-Raven, Philadelphia, 

USA, 2001.Chapter 1 

122. Bedson, S. P.  and Bland J. O. W. Complement-Fixation with Filtrable Viruses and their 

proefschift-rjansen-1-0 20141026 rj.indd   33 27-10-2014   19:21:57



34

Chapter 1

Antisera Br J Exp Pathol. Dec 1929; 10(6): 393–404. 

123. LIU, C. Studies of influenza infection in ferrets by means of fluorescein-labelled antibody. I. 

The pathogenesis and diagnosis of the disease. J. Exp. Med. 101, 665-676 (1955).

124. Roingeard, P. Viral detection by electron microscopy: past, present and future. Biol. Cell 

100, 491-501 (2008).

125. Nagler, F. P. & Rake, G. The Use of the Electron Microscope in Diagnosis of Variola, Vaccin-

ia, and Varicella. J. Bacteriol. 55, 45-51 (1948).

126. Liljeroos, L., Krzyzaniak, M. A., Helenius, A. & Butcher, S. J. Architecture of respiratory 

syncytial virus revealed by electron cryotomography. Proc. Natl. Acad. Sci. U. S. A 110, 

11133-11138 (2013).

127. Enders, J. F., Robbins, F. C. & Weller, T. H. Classics in infectious diseases. The cultivation 

of the poliomyelitis viruses in tissue culture by John F. Enders, Frederick C. Robbins, and 

Thomas H. Weller. Rev. Infect. Dis. 2, 493-504 (1980).

128. van de Pol, A. C. et al. Increased detection of respiratory syncytial virus, influenza viruses, 

parainfluenza viruses, and adenoviruses with real-time PCR in samples from patients with 

respiratory symptoms. J. Clin. Microbiol. 45, 2260-2262 (2007).

129. Brittain-Long, R. et al. Multiplex real-time PCR for detection of respiratory tract infections. 

J. Clin. Virol. 41, 53-56 (2008).

130. Syrmis, M. W. et al. A sensitive, specific, and cost-effective multiplex reverse transcrip-

tase-PCR assay for the detection of seven common respiratory viruses in respiratory sam-

ples. J. Mol. Diagn. 6, 125-131 (2004).

131. Freymuth, F. et al. Comparison of multiplex PCR assays and conventional techniques for 

the diagnostic of respiratory virus infections in children admitted to hospital with an acute 

respiratory illness. J. Med. Virol. 78, 1498-1504 (2006).

132. Murdoch, D. R. et al. Breathing new life into pneumonia diagnostics. J. Clin. Microbiol. 47, 

3405-3408 (2009).

133. van den Hoogen, B. G., Bestebroer, T. M., Osterhaus, A. D. & Fouchier, R. A. Analysis of the 

genomic sequence of a human metapneumovirus. Virology 295, 119-132 (2002).

134. Reddington, K., Tuite, N., Barry, T., O’Grady, J. & Zumla, A. Advances in multiparametric 

molecular diagnostics technologies for respiratory tract infections. Curr. Opin. Pulm. Med. 

19, 298-304 (2013).

135. Poon, L. L. et al. Early diagnosis of SARS coronavirus infection by real time RT-PCR. J. Clin. 

proefschift-rjansen-1-0 20141026 rj.indd   34 27-10-2014   19:21:57



35

Introduction

1

C
hap

ter

Virol. 28, 233-238 (2003).

136. Lu, X. et al. Real-time reverse transcription-PCR assay panel for Middle East respiratory 

syndrome coronavirus. J. Clin. Microbiol. 52, 67-75 (2014).

137. Corman, V. M. et al. Specific detection by real-time reverse-transcription PCR assays of a 

novel avian influenza A(H7N9) strain associated with human spillover infections in China. 

Euro. Surveill 18, 20461 (2013).

138. van de Pol, A. C. et al. Impact of PCR for respiratory viruses on antibiotic use: Theory and 

practice. Pediatr. Pulmonol. (2010).

139. Simon, A., Schildgen, O., Panning, M., Bode, U. & Eis-Huebinger, A. M. Respiratory syn-

cytial virus infection in patients with cancer: still more questions than answers. Clin. Infect. 

Dis. 46, 1933-1934 (2008).

140. Schildgen, O. et al. Human bocavirus: passenger or pathogen in acute respiratory tract 

infections? Clin. Microbiol. Rev. 21, 291-304, table (2008).

141. Esposito, S. et al. Impact of viral infections in children with community-acquired pneumo-

nia: results of a study of 17 respiratory viruses. Influenza. Other Respir. Viruses. 7, 18-26 

(2013).

142. Esposito, S. et al. Pneumococcal bacterial load colonization as a marker of mixed infection 

in children with alveolar community-acquired pneumonia and respiratory syncytial virus or 

rhinovirus infection. Pediatr. Infect. Dis. J. 32, 1199-1204 (2013).

143. Albrich, W. C. et al. Use of a rapid test of pneumococcal colonization density to diagnose 

pneumococcal pneumonia. Clin. Infect. Dis. 54, 601-609 (2012).

proefschift-rjansen-1-0 20141026 rj.indd   35 27-10-2014   19:21:57



36

Chapter 1

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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Abstract

Background: Multiplex real time PCR is increasingly used to diagnose respira-

tory viruses and has shown to be superior to traditional methods, like culture 

and antigen detection. However, comprehensive data on sensitivity, specificity 

and performance of the multiplex PCR compared to the single target PCR’s is 

limited for most published respiratory multiplex real time PCR assays. 

Objectives: Development and extensive analysis of an internally controlled 

multiplex real time rt-PCR for detection of respiratory viruses

Study design: The assay was validated in comparison to single-target PCR’s 

using plasmid targets and prospectively collected nasopharyngeal aspirates.

Results: Using plasmid targets the multiplex format was found to be as least 

as sensitive and specific as the single-target PCR and no competition was ob-

served when different targets were present at different amounts in one tube. 

Clinical validation showed high concordance for all viruses tested except for 

samples with low levels of enterovirus. 

Conclusion: This multiplex showed excellent specificities for all 14 respiratory 

viruses and sensitivity was high except for clinical samples with low levels of 

enterovirus. 
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Background

Demonstrating the presence of a viral pathogen in patients with respiratory 

symptoms  has long been challenging. Traditional methods like viral culture 

and antigen detection have moderate sensitivity and specificity. Moreover, the 

relative long turnaround time for some of these techniques makes them less 

useful for diagnosis of acute clinical problems. With the development of real 

time (RT) reverse transcriptase (rt) PCR, direct detection of amplified nucleic ac-

ids became possible, minimizing cross-contamination and reducing hands on 

time. In addition, RT rtPCR provides the possibility of easy quantitation of the 

amplified target.  This progress has led to the development of a large number 

of rtPCR assays for the detection of individual viral pathogens. The introduction 

of multiplex  RT rtPCR assay has increased the efficiency of routine molecular 

diagnostics of respiratory viruses and has been shown to be cost effective2,6,15 

Past studies have extensively proven superior sensitivity of (real time) multiplex 

PCR over traditional methods3,13,14. However comprehensive analysis of analyt-

ical sensitivity and specificity of a multiplex PCR as compared to single-target 

assays has not been described for respiratory viruses. Puppe et al compared 

a multiplex assay with corresponding  single-target  PCR assays and showed a 

mean loss of 1.3 log for the multiplex assay9. However their PCR was qualitative 

and did not use a real time format. Gunson et al.reported similar median cross-

ing-point (Cp) values when comparing duplex versus triplex real time assays 4.

Objective

In the study described here, a systematic analysis of multiplex RT rtPCR was 

performed. Sensitivity and specificity of the multiplex assay were compared 

to its single-target counterparts. This was done in serial dilutions of plasmids, 

samples with mixed plasmid input and in prospectively gathered nasopharyn-

geal aspirates (NPA).
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Study Design

Preparation of controls

DNA targets controls were constructed by elongation of oligonucleotide link-

ers followed by amplification with specific primers, as described before1. The 

PCR products were ligated into PCRII-TOPO vector (Invitrogen, Paisley, UK) ac-

cording to the instructions of the manufacturer. The sequences of all plasmids 

obtained were confirmed by sequencing using the BigDye sequencing kit (ABI, 

Nieuwerkerk a/d lJssel, The Netherlands).

Equine arteritis virus (EAV) was used as internal control (IC)10 and was measured 

during multiplex PCR in respiratory viral package (RVP) number one. 

Primers and probes

Specific primers and probes for all targets (table 1) were designed using 

published sequences from Gene Bank. Primers and 6FAM and HEX labeled 

probes were obtained from Biolegio (Nijmegen, the Netherlands), CYAN500, 

LCRED610, and LCRED670 labeled probes from TIB Molbiol (Berlin, Germany) 

and MGB probes from ABI (6FAM or VIC labeled). 

Nucleic acid extraction and real-time multiplex RT rtPCR 

Extraction of nucleic acids (NA) from 200 ul of NPA was performed by Mag-

NA Pure LC extraction using the total nucleic acid extraction kit (Roche Di-

agnostics, Penzberg, Germany). cDNA  synthesis was performed as described 

earlier1. All PCR (multiplex and single-target) reactions were performed on a 

Roche LC480 (Roche Diagnostics, Penzberg, Germany) using exactly the same 

conditions. Reactions contained 10 ul of 2 x Probes Master (Roche Diagnostics, 

Penzberg, Germany), 900 nM of primer (each) 200 nM of probe (each), and 5 ul 

of a cDNA in a total volume of 20 ul. Cycling conditions were as follows: 2 min 

at 50°C and 10 min at 95°C, followed by 45 cycles each consisting of 15 sec at 
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95°C and 1 min at 60°C. Data were analyzed using the LC480 software. Color 

compensation and calculation of Cp-values was done using LC480 software. 

A sample was considered positive if the results showed Cp-values ≤ 40. Sam-

ples were considered negative if Cp-values were above 40 and the Cp-value for 

the corresponding IC was ≤ 32.8 (i.e. two times the standard deviation) above 

the mean IC for the negative samples). 

PCR Design

We have recently described an internally controlled multiplex RT rtPCR for the 

detection of influenzavirus A (InfA) and B (InfB), enterovirus (EV), and adenovi-

rus (AdV) which will be referred to as respiratory virus package 1 (RVP1)7. In the 

current  study we have broadened our diagnostic repertoire by designing three 

additional RVP’s: RVP2 for the detection of respiratory syncytial virus (RSV), rhi-

novirus (RV) and human-metapneumovirus (hMPV); RVP3 for the detection of 

parainfluenzavirus 1-4 (PIV1-4) and human-parechovirus (hPeV); RVP4 for the 

detection of human-coronavirus (hCoV: HKU1, NL63, 229E and OC43),  and 

human-bocavirus (hBoV).

Assessment of sensitivity and specificity

Sensitivity and specificity of the multiplex assay was analysed using the single 

target PCR’s as the gold standard.

 This was done in four ways. One; dynamic ranges of the multiplex and 

single-target PCR’s were assessed by testing serial dilutions of plasmids. Two; 

testing of mixed plasmid solutions containing different viral DNA targets. Each 

target was tested by spiking one target in an end dilution of 105 copies/reac-

tion (i.e. 107 copies/ml) in a background of 103 copies/reaction (i.e. 105 copies/

ml) of all other targets for respectively RVP1, RVP2, RVP3 and RVP4. Samples 

were analyzed by multiplex PCR and single-target PCR and Cp-values were 

determined and compared. Three; testing of prospectively gathered clinical 

samples. A panel of 133 NPA’s was taken from cohort of children who were 
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admitted for a suspected respiratory tract infection to the Academical Medi-

cal Centre of Amsterdam, during the winter season of 2007-08. The study was 

approved by the local ethical committee and participants were included after 

written informed consent by one of the parents. A basic population description 

is presented in table 2. Four; for viruses species that were detected in less than 

4 NPA samples, QCMD (Quality Control for Molecular Diagnostics, Glasgow 

Scotland)  control panels were run (table 3). These samples consisted of cul-

tured virus in various concentrations.

 Assessment of specificity was done by analyzing potential “crosstalk” 

(i.e. the fluorescence of a single target influencing detection of one of the oth-

ers targets, generating a false positive signal) and potential false positivity due 

to unspecific primer-primer combinations (some multiplex packages contained 

up to 10 primers) in prospectively gathered NPA.

Results

Analyses of dynamic ranges and mixed input of plasmids.

Dynamic ranges were determined to be linear between 500 and 108 copies/

PCR of target plasmid for both multiplex and single target assay ‘s. The lower 

limit of detection for the multiplex assay was between 40 and 50 copies/reac-

tion for every target, which was similar to  the individual single-target PCR’s  

(data not shown). 

 When analyzing mixed plasmid input, median Cp-values in the multi-

plex PCR were never higher than the single-target assay’s, and in most cases 

the median Cp-value of multiplex analyses was even statistically lower than its 

single-target counterpart (figure 1). Variation was slightly higher for the multi-

plex analysis, with a coefficient of variation (CV) range for the multiplex assay 

between 0.4% (hCoV) and 3.3% (PIV3), compared to the CV range for single-tar-

get  assay’s between  0.3% (hPeV) and 1.0% (hBoV).  
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Analyses of clinical samples and quality control panels.

Overall, good concordance was observed between the multiplex PCR in com-

parison with the single-target PCR assays for clinical samples (table 3, and fig-

ure 2). Of the 133 tested samples 70 % (93/133) gave a positive result in one or 

more of the single-target assays (52% [70/133] mono-infections, 16% [22/133] 

double and <1% [1/133] triple infections). In 68% (90/133) the multiplex assay 

gave one or more positive results (50% [67/133] mono-infections, 17% [23/133] 

double-infections, no triple-infections).  All discrepancies are described in ta-

ble 4. Opposed to plasmid analysis, the multiplex assay failed to detect EV in 

clinical samples with low EV loads, since Cp-values ≥ 33 in the single-target 

PCR were not detected in the multiplex PCR.  Moreover low viral loads of hBoV 

(Cp-values ≥ 36) seemed to be detected alternately by single-target PCR or by 

multiplex assay.  

 Median Cp-values in clinical samples of the single-target assay was 29.7 

(Inter Quartile Range [IQR]; 27.5-33.3) which did not differ statistically from the 

median Cp-value of the multiplex assay 28.8 (IQR 26.9-32.0) (p=0,2). Species 

specific analyses did also not show statistical differences for median Cp-values. 

However, somewhat lower Cp-values for the multiplex assay were observed for 

InfB, RSV and RV in samples with high Cp-values (figure 2).

 Analyses of quality controls was performed to test viral targets that were 

less prevalent (i.e. PIV 1,2,3,4, InfB and hCoV) in the clinical samples. Results 

are summarized in table 3 and figure 2. Complete concordance was observed 

between the multiplex assay and the individual single-target assays for quality 

controls.

Discussion

Real Time multiplex PCR is a technique that has been shown to be fast and cost 

effective for the diagnosis of respiratory viral infections. Most papers on res-

piratory multiplex PCR’s use traditional methods like virus culture, antigen tests 

or direct immune fluoresce as comparison8, hence questions can be raised 
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about their diagnostic accuracy compared to sensitive single-target assays. We 

report the development and the extensive validation of an internally controlled 

four-tube RT rtPCR for the detection of 14 different viruses associated with res-

piratory infections. 

 Sensitivity. Combining primers and probes in a single reaction can influ-

ence the sensitivity of the assay as primer-primer interactions may lead to a low-

er availability of specific primers. In addition, the presence of multiple targets in 

one reaction may result in competition for enzymes and nucleotides. Analysis 

of dynamic ranges and mixed input of plasmids, revealed no loss of sensitivity. 

In fact, for most viruses Cp-values were slightly, but significantly, lower in the 

multiplex analyses. Most likely, this difference is due to the algorithm used by 

the LC480 software to calculate crossing point. The LC480 software calculates 

the second derivatives of the entire amplification curve and determines where 

this value is at its maximum. This value is the Cp-value and represents the cycle 

at which the increase of fluorescence is highest (i.e. the start logarithmic phase 

of the PCR). We have observed that in our multiplex reactions the total fluores-

cence is slightly lower and the slope of the amplification curve is less steep as 

compared to the corresponding single-target PCR’s. This difference could lead 

to slightly lower Cp-values for the multiplex reactions, but does not represent 

a difference in absolute sensitivity.

 In prospectively collected clinical samples the multiplex PCR showed 

concordant results to the single-target PCR’s. For InfA, hCoV, PIV1, PIV2, PIV3, 

PIV 4, hMPV, AdV and hPeV Cp-values were nearly identical for multiplex and 

single-target assays. However for certain viruses (InfB, PIV 1, 2,3 & 4, hPeV, and 

hCoV) number of clinical samples were relatively small and extensive compar-

isons could be merely performed in the mixed input of plasmids analysis, but 

not by clinical samples.  For RSV, RV and InfB multiplex showed slightly lower 

Cp-values than the single target PCR, particularly when single-target Cp-values 

were ≥30. This is probably due to a comparable phenomenon as described for 

slightly lower multiplex Cp-values in the plasmid evaluation. Discrepancies in 

clinical samples were mostly seen for hBoV and EV. Samples with a very low 

hBoV load (Cp-value > 36) were variable positive in either multiplex or sin-
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gle-target assay. This seems to represent a stochastic process around the de-

tection limit for both multiplex and single-target assays. Most of the EV positive 

respiratory samples, with Cp-values higher than 33 in single-target assays were 

negative in the multiplex assay, suggesting reduced sensitivity of EV detection 

of our multiplex assay. Additional analysis of dilution series of 4 different EV 

subtypes (representing group A,B,C and D EV’s) showed concordant results 

for EV Cp-values in the multiplex and the singleplex assay (data not shown). 

However the fluorescence plateau’s of the EV multiplex assay was notably low-

er compared to its singleplex equivalent. It might be possible that in samples 

with low abundance of multiple viral targets this lower fluorescence could lead 

to false-negativity. In this respect, it is noteworthy that all clinical EV samples 

that were “missed” by the multiplex PCR were samples positive two or three 

respiratory viruses (table 4). 

 Specificity. Another explanation the missing EV in the multiplex PCR 

could be due to possible cross reactivity between EV PCR and RV. The EV prim-

ers and probes we used were previously developed in our department and 

described by Beld et al1. EV specificity was assessed in this publication and did 

not show any cross-reactivity with a panel of culture typed rhinoviruses. Since 

then, we have also tested the EV PCR against a panel of RV type C virus isolates 

(N =9)  which showed absent of cross reactivity against these viruses as well. 

Morever extensive in silico analysis (data not shown) did not show cross reactiv-

ity between our EV primers and RV sequences. However, as RV comprises over 

a hundred subtypes we cannot completely rule out cross reactivity with less 

common HRV strains. In literature cross-reactivity of molecular test between 

rhinovirus and enterovirus is not uncommon5 and some authors even suggest 

that complete specificity for Rhinovirus and Enterovirus in impossible11. Yet the 

ongoing discovery of new respiratory EV’s implies that separate analyses of EV 

in respiratory samples is of clinical importance12, and optimization RV and EV 

pcr specificity is an important topic for future study. 

 In addition when addressing specificity issues in multiplex PCR: false 

positive results due to fluorescence cross-talk from one detection channel into 

other detection channels one was not seen in analysis with mixed plasmid in-
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put. Furthermore false positivity in the multiplex by other causes, like non-spe-

cific primer-target interactions, was studied by analyzing prospective clinical 

samples (including viral negative samples) of which the results were not known 

before testing. Some discrepancies were seen in which positive multiplex re-

sults were not confirmed by single-target testing. Most of these samples were 

hBoV positive samples with Cp-values > 36 and are probably due to a stochas-

tic process at the detection limit, as mentioned earlier.  

 In summary, we present here an extensively evaluated multiplex PCR 

assay for the detection of 14 major causative agents of respiratory tract dis-

ease. Good concordance was observed between multiplex and single target 

analysis, except for clinical samples with low level of enterovirus. The assay is 

internally controlled, does not need post-PCR manipulations and can be used 

in routine diagnostic laboratories, providing a fast and proper validated way for 

the detection of respiratory viruses. 
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Figure 1:

Figure 1 Analysis of sensitivity using mixed plasmids containing multiple viral 

DNA targetsin different quantities (see method section for details). Samples 

were analyzed by multiplex PCR(M) and single-target PCR (S). Median CP val-

ues and inter quartile range are indicated by box plots. 
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Figure 2
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Figure 2 Analysis of sensitivity and specificity using prospective gathered na-

sopharyngeal samples (grey dots) and QCMD samples (white dots). Crossing 

point (Cp) values of single target assays (i.e. singleplex) are plotted against de 

Cp values of  multiplex analysis for every individual virus species. Dots with 

a Cp > 40 represent discrepant PCR results (i.e. sole detection by one of the 

assays). 
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Virus Sequence 5’-3’ Target 

Gene

Labels 5’/3’

Influenza A F 
R
P

GACAAGACCAATCCTGTCACYTCTG 
AAGCGTCTACGCTGCAGTCC 
TTCACGCTCACCGTGCCCAGTGAGC

M
LCRED610/BBQ

Influenza B F 
R
P

TCGCTGTTTGGAGACACAAT
TTCTTTCCCACCGAACCA
AGAAGATGGAGAAGGCAAAGCAGAACT

M
CYAN500/DB

Enterovirus F 
R
P

GGCCCTGAATGCGGCTAAT
GGGATTGTCACCATAAGCAGCC
GCGGAACCGACTACTTTGGGT

5’-UTR
FAM/MGB-NFQ

Adenovirus F 
R
P

CAGGACGCCTCGGRGTAYCTSAG
GGAGCCACVGTGGGRTT
CGGGTCTGGTGCAGTTTGCCCGC

Hexon LCRED670/BBQ

RSV F 
R
P1
P2

ATGAACAGTTTAACATTACCAAGT
GTTTTGCCATAGCATGACAC
TGACTTCAAAAACAGATGTAAGCAGCTCC
T TAT G A C AT C A A A A A C A G A C ATA A G -
CAGCTCAG

F
LCRED610/BBQ

Rhinovirus F 
R
P1
P2
P3

CAAGCACTTCTGTTTCCCC
GGCAGCCACGCAGGC
TAGACCTGGCAGATGA+G+G+CT
TAGTTTGGTCGA+T+GA+GGCT
CTAGTYTGGTCGAT+G+A+GGC

5’-UTR
FAM/BBQ
FAM/BBQ
FAM/BBQ

Coronavirus F1
F2 
R1
R2
P1
P2

GGTGGYTGGGAYGATATGTTACG
GCTRAGCATGATTTCTTTACTTGG
KRTTTGGCATAGCACGATCACA
CARTYTTKTTCATCAAAGTTACGCA
ATGTTGACAAYCCTGTWCTTATGGGTTGGG
CAGARTCATTTATGGTAATGTTAGTAGACA

Replicase

Replicase
FAM/MGB-NFQ
FAM/MGB-NFQ

Metapneumovirus F 
R
P

AGCTTCAGTCAATTCAACAGAAG
CCTGCAGATGTYGGCATGT
TGTTGTGCGGCAGTTTTCAGACAATGC

F
LCRED670/BBQ

Parechovirus F 
R
P

CTGGGGCCAAAAGCCA
GGTACCTTCTGGGCATCCTTC
AAACACTAGTTGTAWGGCCC

5’-UTR
FAM/MGB-NFQ

Parainfluenzavirus 1 F 
R
P

ATCTCATTATTACCYGGACCAAGTCTACT
CATCCTTGAGTGATTAAGTTTGATGAATA
AGGATGTGTTAGAYTACCTTCATTAT-
CAATTGGTGATG

HN
CYAN500/DB

Parainfluenzavirus 2 F 
R
P

CTGCAGCTATGAGTAATC
TGATCGAGCATCTGGAAT
AGCCATGCATTCACCAGAAGCCAGC

NP
LCRED610/BBQ

Parainfluenzavirus 3 F 
R
P

ACTCTATCYACTCTCAGACC
TGGGATCTCTGAGGATAC
AAGGGACCACGCGCTCCTTTCATC

NP
LCRED670/BBQ

Parainfluenzavirus 4 F 
R
P

GATCCACAGCAAAGATTCAC
GCCTGTAAGGAAAGCAGAGA
TATCATCATCTGCCAAATCGGCAA

NP
HEX/BHQ

HBoV F 
R
P

CAAATCTCTTCTGGCTACACG
CTCTGCGATCTCTATATTGAAGG
ATGTTGCCGCCAGTAACTCCACC

NS1
LCRED670/BBQ

IC (EAV) F 
R
P

CATCTCTTGCTTTGCTCCTTAG
AGCCGCACCTTCACATTG
TGTGGGCAATAATGTTGTTCTGACAGCG

Replicase
HEX/BHQ

Table 1  
Primers and probes

+ denotes a locked nucleic acid (LNA) nucleotide
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Table 2
Patients characteristics   
     

Clinical characteristics from children (n=133) admitted to the Academical Medical Centre for an 

acute respiratory tract infection during the winter of 2007-08

Age in months; median (inter quartile range) 12,1 (4,8-31,5)

Sex ♂ 82 (62%), ♀51 (38%)

Reason of Admittance:

Upper respiratory tract infection + imminent dehydration. 15 (11%)

Wheezing illness 30 (23%)

Pneumonia 12 (9%)

Impending respiratory failure 17 (13%)

Dyspnoea not further classified 13 (10%)

Fever without specific respiratory symptoms 24 (18%)

Other (= not classifiable) 22 (16%)
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Table 3
Clinical evaluation 

A. Analysis of prospectively collected nasopharyngeal aspirates (n=133) from children admitted to the 

Academical Medical Centre for an acute respiratory tract infection during the winter of 2007-08

  Single Target PCR Multiplex PCR

InfA 9/133 9/133 (p= 1.00*)

InfB 3/133 3/133 (p= 1.00¥)

EV 7/133 1/133 (p= 0.01¥)

ADV 15/133 14/133 (p= 0.86*)

RV 36/133 36/133 (p= 1.00*)

RSV 23/133 22/133 (p= 0.89*)

hMPV 7/133 8/133 (p= 0.80*)

PIV-1 2/133 2/133 (p= 1.00¥)

PIV-2 1/133 1/133 (p= 1.00¥)

PIV-3 1/133 2/133 (p= 1.00¥)

PIV-4 1/133 1/133 (p= 1.00¥)

hPeV 4/133 3/133 (p= 0.70¥)

hCoV 3/133 4/133 (p= 0.70¥)

hBoV 8/133 7/133 (p= 0.80*)

Total

- Excluding EV 113/133 112/133 (p= 0.96*)

- Including EV 120/133 113/133 (p= 0.73*)

B. Quality control panel (2007) for PIV 1,2,3,4, InfB, hPeV and hCoV (n=10)

 Single target PCR Multiplex PCR QCMD

PIV-1 4-10 4-10 4-10 (p= 1.00¥)

PIV-2 1-10 1-10 1-10 (p= 1.00¥)

PIV-3 1-10 1-10 1-10 (p= 1.00¥)

PIV-4 3-10 3-10 3-10 (p= 1.00¥)

InfB 1-14 1-14 1-14 (p= 1.00¥)

hCoV 5-14 5-14 5-14 (p= 1.00*)

* = Chi square, ¥ = Fisher exact test
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Table 4
                

Discrepancies

Virus Single Target
Cp Value

Multiplex
Cp Value Remarks

hBoV 39.1 neg Co-infection with RV (Cp 27.76)

hBoV 38.4 neg Co-infection with ADV (Cp 36.64)

hBoV 37.35 neg No remarks

hBoV 36.48 neg No remarks

hBoV neg 37.25 Co-infection with RSV (Cp 28.83 ) 

hBoV neg 37.1 Co-infection with RV (Cp 31.68) 

hBoV neg 36.94 Co-infection with CoV (Cp 34.11)

EV 39.11 neg Co-infection with RV (Cp 26.55) & 
ADV (Cp 37.83) 

EV 39.06 neg Co-infection with ADV (Cp 34.17) 

EV 38.47 neg Co-infection with RV (Cp 27.13)

EV 36.25 neg Co-infection with RV (Cp 27.04)

EV 33.92 neg Co-infection with RV (Cp 26.27) & 
ADV (Cp 33.23) 

EV 33.08 neg Co-infection with RV (Cp 26.33) 

ADV 37.83 neg Co-infection with RV (Cp 26.55) & 
EV (Cp 39.11)

hMPV neg 35.94 Co-infection with Inf A (Cp 23.65) 

PIV 3 neg 35.14 No remarks

hPeV 33.32 neg No remarks

CoV neg 38,11 Co-infection with ADV (Cp 28.38) 

RSV 38.45 neg No remarks
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Abstract:

Background: Highly sensitive techniques like PCR have revolutionized the de-

tection of respiratory viruses, but also raise questions about the diagnostic in-

terpretation of positive results. Quantitation of PCR targets could potentially 

aid in clinical interpretation of PCR results.

Methods: In hospitalized children under 6 years of age, semi-quantitative de-

tection of respiratory viruses in nasopharyngeal aspirates (NPA) was performed 

by a novel real time multiplex PCR detecting 14 human respiratory viral patho-

gens: influenza viruses A and B, adenovirus, rhinovirus, coronavirus, respiratory 

syncytial virus, human metapneumovirus, enterovirus, parainfluenza virus 1,2,3 

and 4, parechovirus  and human bocavirus. Patients were clinically and virolog-

ically followed for 3 to 7 days. Semi-quantitative test results were correlated 

with severity of disease using modified British Thoracic Society criteria of com-

munity acquired pneumonia in childhood. 

Results: In 59% of the children at least one virus was identified with respiratory 

syncytial virus (40%), rhinovirus (26%) and human bocavirus (19%) being the 

most frequently detected. A strong trend was observed towards correlation 

between clinical severity and the amount of human bocavirus DNA. In follow 

up samples, viral clearance was strongly associated with clinical improvement 

after 3 days. 

Conclusion: Quantitation of viral nucleic acids may aid in establishing causality 

between clinical symptoms and PCR test results in children with acute respira-

tory disease.
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Introduction

While molecular technology has revolutionized the diagnosis of respiratory 

viruses questions can be raised about the clinical relevance of positive test 

results. For example, the pathogenicity of newly discovered, non-culturable vi-

ruses such as human Bocavirus (hBoV) and the polyoma viruses KIV and WUV 

has not been unequivocally demonstrated1,2. In addition, the high sensitivity of 

PCR techniques allows detection of minimal amounts of viral nucleic acids (i.e. 

RNA or DNA) of which the clinical relevance may be disputable.  

 One advantage of real-time PCR technology is the possibility to quan-

tify the amount of target nucleic acids present. Quantitation of the amount of 

viral nucleic acids could be useful for clinical interpretation of test results. Up 

to now only a few studies prospectively looked at the relationship between the 

amount of virus present and clinical severity. Van Elden et al showed that sever-

ity of lower respiratory tract disease was not related to viral load of respiratory 

syncitial virus (RSV)3, while Campanini et al did find a correlation between high 

RSV loads and clinical symptoms4. In addition, Allander et al5 found high hBoV 

DNA levels in patients with clinical signs of bronchiolitis, whereas the presence 

of a low amounts of virus was not associated with symptomatology. These data 

indicate that the use of virus quantitation to aid clinical interpretation of PCR 

results should be further explored.

 We conducted a study in young children admitted to the hospital with 

acute respiratory tract infections (ARTI). The main objective of this study was to 

correlate clinical severity and outcome to semi-quantitative diagnostic detec-

tion of 14 respiratory viruses using a recently developed internally controlled 

real-time multiplex PCR. Insight into the duration and extent of detectable vi-

ral nucleic acids during the course of infection is required to fully appreciate 

the potential diagnostic value of virus quantitation. While it has been demon-

strated that certain respiratory viruses can be detected in patients in whom all 

symptoms have resolved6,7, only few studies have looked at the duration of viral 

shedding using molecular techniques. To our knowledge no studies have in-

vestigated whether the course of viral nucleic acid levels during infection corre-
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late with severity of disease and clinical outcome. In the study presented here, 

we therefore also analyzed semi-quantitative results in sequentially obtained 

respiratory samples during the course of disease in relation to clinical outcome. 

Materials and Methods

Patient population and clinical specimens. 

This study was performed at the Academic Medical Centre in Amsterdam, 

which is a teaching hospital that serves the local area and acts as a tertiary refer-

ral center in the Netherlands. A total of 119 patients were included in this study 

between November 2006 and April 2007. Inclusion criteria were: age under 6 

years and admission to the hospital with a clinical suspicion of an ARTI. Patients 

were eligible for inclusion if they had at least one of the following symptoms: 

rhinitis, cough, inflammatory tympanic membrane or tonsil abnormalities, nasal 

flaring, recessions, inspiratory stridor, prolonged expiration, focal abnormali-

ties on auscultation or abnormalities on chest X-ray suggestive of an ARTI.

 On admission, a nasopharyngeal wash (NW) was collected as part of 

routine clinical care. After informed consent, follow up samples were taken at 

day 3 and day 7 of admission. Clinical data were prospectively collected and 

systematically recorded on a case record form. 

 Assessment of the clinical severity of illness was done by recording 

markers of severe illness adapted from the British Thoracic Society guidelines 

for the management of community acquired pneumonia in childhood 8,9. The 

following markers were used: respiratory rate: >50/min (if age: > 1 year) or >70 

(if age: < 1 year), oxygen saturation ≤ 92%, recessions, nasal flaring, mechanical 

ventilation and temperature ≥ 38,5 ˚C. Patients were divided into Group one: 

no markers of severe illness, and Group two: one or more markers of a severe 

illness. These two groups were defined as mild and severe respiratory disease 

respectively. 

NW samples were processed the same day when received during working 

hours; in all other cases they were processed the next morning. Material was 
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suspended in PBS to a total volume of 1 mL. The samples were stored at -80˚C 

until further processing.

DNA and RNA extraction, amplification and detection. 

Extraction of nucleic acids (NA) from 200 ul of NW was performed by MagNA 

Pure (Roche Diagnostics, Penzberg, Germany) extraction using the total nucleic 

acid extraction kit (Roche Diagnostics, Penzberg, Germany). cDNA synthesis 

was performed as described earlier10. The multiplex PCR consists of three pack-

ages and is based on our previously described method by Molenkamp et al11. 

Package one: influenza viruses A and B (InfA and InfB), enterovirus (EV) and ad-

enovirus (AdV), package two: RSV, corona viruses (CoV), human metapneumo-

virus (hMPV), rhinovirus (RV) and package three: parainfluenza virus (PIV) 1,2,3,4 

and parechovirus (PeV). HBoV was detected by a real time monoplex assay. 

PCR reactions were performed on a Roche LC480 (Roche Diagnostics, Penz-

berg, Germany). Typical reactions contained 10 ul of 2 x Probes Master (Roche 

Diagnostics, Penzberg, Germany), 900 nM of primer (each) 200 nM of probe 

(each), and 5 ul of a cDNA in a total volume of 20 ul. Cycling conditions were

as follows: 2 min at 50°C and 10 min at 95°C, followed by 45 cycles each con-

sisting of 15 sec at 95°C and 1 min at 60°C. Data were analyzed using the LC480 

software (Roche Diagnostics, Penzberg, Germany). 

Semi-quantitative assessment of viral load and statistical analysis. 

The crossing point (Cp) value, which is comparable to a cycle threshold (CT) val-

ue, was used as an approximation of the amount of virus present. The Cp-val-

ue reflects the cycle at which a positive PCR signal is detected: the lower the 

Cp-value the more target DNA or RNA is present in the sample. The LC480 

software obtains a Cp-value using the second derivative maximum of the am-

plification curve, which is more precise than crossing point algorithms with nor-

malized, proportional, arithmetic or no background adjustment 12.  The medi-

ans of Cp-values for the three most prevalent viral species were compared for 
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mild and severe disease. Furthermore, Cp -values form samples collected at 

the acute stage were compared with follow up samples at day 3.  The Cp-val-

ue for children with clinical improvement was compared to the Cp-value in 

children with no clinical improvement. In patients with a double infection the 

lowest Cp-value was used for the analysis. Clinical improvement was defined 

as the disappearance of severity markers in case of previous severe disease or 

disappearance of all symptoms in case of previous mild disease. For analytic 

purposes, a Cp-value of 41 was chosen in case of a negative PCR at day 3 . 

Differences were assessed using the Mann-Whitney U test. Independent cate-

gorical variables were analyzed using a Chi-squared test or a Fisher exact test.

Results

Patient characteristics. 

Patient demographic and clinical characteristics, classified by severity of dis-

ease, are described in table 1. Median age was 7 months. Twenty six percent 

were born premature and 74 percent had previous comorbidity. Twenty-nine 

percent were admitted to an intensive care unit (ICU). 

Of the 119 patients, 29 % had a mild respiratory disease and 71% had severe 

disease, using the criteria as described in the methods section. There were no 

differences in age, sex, medical history or length of hospital stay between the 

two severity groups. As expected, children with severe disease were admitted 

to the ICU more frequently than children with mild disease (OR: 4.5 [95% CI: 

1.5-14.1]). Three children died during admission.  This mortality was unrelated 

to respiratory disease, but due to comorbidity (acute renal failure, necrotic en-

terocolitis and bronchopulmonary dysplasia). 
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Detection of respiratory viruses. 

In 70 out of the 119 children (59%) one or more viruses were identified in NPA 

taken on admission (41% single, 18% double infections). As shown in Figure 1, 

RSV (40%), RV (26%) and hBoV (19%) were the most prevalent viruses in pos-

itive samples taken on admission. HBoV-, EV- and AdV were most frequently 

detected simultaneously with other respiratory viruses (resp. 9/13 [69%], 6/7 

[85%] and 5/6 [83%]).  Children infected with a single virus were younger than 

children with a double virus infection (5.9 months [IQR 1.7-12.4] versus 12.6 

months [IQR 7.3-18.6] respectively; p= 0.01). In the group of children that were 

positive for at least one virus, children with a severe illness were significantly 

younger than children with mild disease (6.5 months [IQR 1.6-13] versus 9,1 

months [IQR 6.5-29] respectively; p=0.014). Multiple viral pathogens were not 

observed more frequently in severe disease (mild disease 7/21 [33%]; severe 

disease 14/84 [29%], p=0,69).  

Relation between CP-values and clinical symptoms. 

Figure 2 shows the range of Cp-values for the six most prevalent viruses in the 

samples taken on admission.  HBoV and AdV demonstrated the widest ranges 

of CP-values. Median Cp-values differed substantially between the individual 

virus species.

We compared the median Cp-value per severity group for the three most 

common viruses (figure 3). For RSV and RV no such correlation was observed 

(p-values of 0.6 and 0.3. respectively). However, for hBoV a trend was observed 

towards lower Cp-values and disease severity; with median Cp-value of 28 (IQR 

22-34) in children with mild disease compared to 35 (IQR 32-37) in children 

with severe disease (p = 0.057).  In the severe disease group, the highest hBoV 

Cp-values were found in samples from patients with dual virus infections. 

 One or more follow up samples were collected from 25 out of 70 pa-

tients in whom at least one virus was detected on admission. These 25 samples 

all came from patients admitted with severe disease. The median time between 
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the initial sample and the first follow up sample was 3 days. In only four patients 

additional follow-up samples were available; these samples were not analyzed 

further. In five of the 25 patients a double infection was found on admission. 

Clinical improvement was observed in 10 out of the 25 patients. Increases in 

Cp-value were significantly higher in children showing clinical improvement [18 

(IQR 15-21)] compared to those who did not improve [3 (IQR 0-17)]; Figure 4, p= 

0.014. The median number of days between onset of symptoms and respiratory 

sampling was three days in both groups. Distribution of detected virus species 

was similar for improved and non-improved children. 

Routine bacteriological diagnostics. 

Bacteriological diagnostics by culture or PCR (B. pertussis, C. pneumoniae, M. 

pneumoniae) were done as part of routine clinical care in 36 children. Culture 

of sputum or bronchoalveolar lavage revealed a bacterial pathogen in 14 chil-

dren: S. pneumoniae (2), H. influenzae (2), P. aeruginosa (5), S. aureus (4) and M. 

catarrhalis (1). B. pertussis was found by PCR in one child.  Of the 15 children 

positive for a bacterial pathogen, 9 (56%) were also positive for a respiratory 

virus in the NPA, compared to 10 of the 21 (48%) tested children with no labo-

ratory evidence of any bacterial pathogens. 

Discussion

Development of very sensitive techniques like real time PCR has raised ques-

tions about causality between clinical symptoms and detection of microbial nu-

cleic acids. In this study we related semi-quantitative detection of viral nucleic 

acids in respiratory specimens obtained at admission and during the course of 

hospitalization, to the clinical course of illness. The study was done prospec-

tively, using a novel internally controlled real-time multiplex PCR detecting all 

viruses which have been established to cause respiratory disease. 

 The prevalence of detection of respiratory viral nucleic acids and the 
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distribution of the viral species in our study is similar to other studies that used 

PCR detection6,13,14,15. However, the prevalence of InfA was very low due to a 

very mild influenza season in the Netherlands during the winter of 2006-200716. 

In 41% of the patients no virus was detected. This can be explained by several 

factors. 

First, although respiratory viruses are the most important cause of ARTI in young 

children15,17, bacterial pathogens may have been the causative agents in a pro-

portion of patients. While detection of bacterial pathogens was not formally 

included in our study, routine microbiological investigations showed a bacterial 

pathogen in respiratory samples from 15 of 36 (42%) patients, the presence of 

which may have contributed to disease. Secondly, respiratory symptoms could 

be caused by pathology unrelated to infectious disease. This is not unlikely 

in our tertiary referral patient population with a high frequency of important 

comorbidity (Table 1). Finally, viruses could have been missed by the presence 

of yet unknown viruses. In addition, recently discovered viruses, such as the KI 

and WU virus1, of which the clinical relevance is still unclear, were not included 

in our multiplex PCR. Nevertheless, the spectrum of the viruses tested in our 

multiplex PCR is broader than in other studies and covers all viruses that are 

widely accepted as etiologic agents of respiratory disease. 

 We could not find an association between double virus infections and 

more severe respiratory disease in the limited number of patients studied. 

Double viral infections were more common in older children. Although this is 

the first study to report such an association, data in other papers point to simi-

lar correlations18,19. 

 For hBoV and AdV the range of Cp-values seemed wider than for other 

viruses (Figure 2). One possible explanation for this observation is that both 

hBoV and AdV tend to persist to some extent, as suggested by recent literature 
20,21,22 whereas other viruses are present only during the acute phase of disease. 

Thus, in some patients, hBoV and AdV may not have been the direct cause of 

illness. Alternatively, depending on viral species different minimal loads may 

be required to cause symptoms. Further studies are needed to answer these 

questions.  
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 For hBoV, we found a strong trend towards higher viral loads in pa-

tients with clinically more severe disease. The relationship between increased 

amounts of hBoV DNA and disease severity has not been reported earlier, but 

studies have shown that there is an association between amount of hBoV DNA 

and the presence of wheezing illness5.  We did not find a relation between viral 

load and disease severity for RSV and RV. For RSV this is in agreement with the 

finding of van Elden3.  

 Cross-sectional studies can only give partial answers about causality of 

positive test results and clinical disease. Longitudinal studies are necessary to 

answer questions regarding duration and extent of persistence of viral nucleic 

acids of specific viruses and the relation to clinical course and outcome. In this 

study, 66% of children without clinical improvement showed persistence of tar-

get nucleic acids in the NPA specimens and changes in Cp-values were signif-

icant smaller, compared to patients who clinically improved during follow-up. 

Gerna et al. have suggested a similar correlation for RSV, although symptoms 

and severity were not scored in their study23. Our results suggest that follow up 

samples can give additional prognostic information to the physician, providing 

a possible explanation for slow recovery of disease.  

 This study has two important limitations. The first is a lack of a control 

group. When using a very sensitive technique like PCR, positive results may not 

always be clinically relevant, but could also represent post-infectious shedding 

or asymptomatic carriage. Therefore patients should ideally be compared to 

an asymptomatic control group matched for age and season of sampling. The 

second limitation is the aforementioned lack of prospective detection of bac-

terial respiratory pathogens. Nevertheless there is ample evidence that viruses 

are the major cause of ARTI in young children15,17. Future studies need to assess 

viral targets in combination with bacterial detection. This should be done in 

groups of patients and in asymptomatic controls. Larger sample sizes are need-

ed to analyze less prevalent respiratory pathogens. 
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TABLE 1   
Patients Characteristics
  

Total
N=119

Mild Disease
N=35 

Severe 
Disease
N=84      

P-value
(Mild vs 
Severe)

Sex (Female) 

Median Age in Months (IQR) 

Born Prematurely 

Medical History

•	 Neurological 

•	 Cardiovascular 

•	 Recurrent Respiratory Disease 

•	 Gastro Intestinal Disease                

•	 Malignancy 

•	 Other

•	 None 

Intensive Care Unit (ICU) admittance

Median Hospital Stay in Days (IQR)

Mortality Rate

•	 Related 

•	 Unrelated

Virus Detection

•	 One virus

•	 Two viruses 

52 (44%)

7.0 (1.8-18.0)

31 (26%)

16 (13%)

12 (10%)

31 (26%)

6 (5%)

4 (3%)

19 (16%)

31 (26%)

35 (29%)

6(4-20)

0

3 (3%)

49 (41%)

21 (18%)

19 (54%)

8.5 (2.6-29.6)

11 (36%)

5 (14%)

4 (11%)

6 (17%)

2 (6%)

4 (11%)

7 (20%)

7 (20%)

4 (11%)

6 (3-16)

0

0

14 (40%)

7 (20%)

33 (39%)

5.6 (1.7-14.4)

20 (24%)

11 (13%)

8 (10%)

25 (30%)

4 (5%)

0 (0%)

12 (14%)

24 (29%)

31 (37%)

6.5 (4-21)

0

3 (4%)

35 (42%)

14 (17%)

0.133*

0.085§

0.388*

0.860*

0.754*

0.153*

0.829*

0.007¥

0.438*

0.332*

0.002*

0.231§

-

0.554¥

0.91*

0.91*

Table 1. Patient characteristics Percentages are calculated as the proportion 

of the total patients for every column. Statistical differences between mild and 

severe patients, for possible confounding factors, were calculated using Chi 

Square test (*), Mann Witney U test (§) and Fisher exact test (¥), respectively. 

Values for ICU admittance were statistical different for mild and severe disease 

(OR: 4,5 [95% CI: 1,5-14,1]).
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Figure 1

  

Figure 1 Detected viruses presented as the percentage of total of positive test 

(N= 70). Single infections are coloured light gray. Double infections are colour-

ed dark gray.
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Figure 2

Figure 2 Distribution of the Cp-values for the six most prevalent respiratory 

viruses. The horizontal bars represent the medians.
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Figure 3

Figure 3 Cp-values of the three most prevalent viruses in mild and severe dis-

ease and in single (white diamond) and double (black diamond) virus infec-

tions.  RSV and RV did not show significant differences in CP-values for mild 

and severe disease. For HBoV a trend was observed towards lower Cp-values 

and disease severity (p = 0.057).  
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Figure 4

Figure 4 Reduction in Cp-value between admission and day 3 in children with 

and without clinical improvement. The horizontal lines represent the medians.
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Abstract

Highly sensitive techniques like PCR have greatly improved the detection of 

respiratory viruses. However, the sensitivity of PCR tests at the same time com-

plicates clinical interpretation, as the presence of low amounts of viral targets 

may not necessarily have clinical relevance. We performed a prospective case 

control study in asymptomatic and symptomatic young children. PCR detec-

tion of 14 respiratory viruses was performed in nasal washes, and results were 

quantified in copies per milliliter. One hundred forty one cases and 157 controls 

were included. In 72 % of the cases and 28% of the controls at least one virus 

was identified. When stratified for age, at least one virus was identified in 47% 

of the controls younger than 1 year old. Rhinovirus was frequently detected in 

both symptomatic and asymptomatic individuals. Receiver operating charac-

teristic analysis for quantitative rhinovirus detection, showed that cut off values 

for clinical relevance are feasible for RV. In contrast to rhinovirus, RSV was rarely 

detected in controls; suggesting that a positive RSV test result is almost always 

of clinical relevance, independent of viral quantity. 

In conclusion; our study shows that asymptomatic carriage of a respiratory virus 

occurs frequently  in young children. However, significant differences in the 

amount of virus present were observed between cases and controls. This sug-

gests that defining cut-off levels should be feasible and represents the next 

necessary step when diagnosing viral respiratory infections with molecular tests. 
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Background

Molecular techniques like polymerase chain reaction (PCR), have revolution-

ized the diagnosis of respiratory viruses. PCR has enabled rapid and highly 

sensitive detection of a large number of respiratory viruses, including those 

that are difficult to culture such as human-bocavirus (HBoV) and human-metap-

neumovirus (HMPV)7,22,24. The high sensitivity of PCR allows the detection of 

minimal amounts of viral nucleic acid, but questions can be raised concerning 

the clinical relevance of positive test results. For example, low amounts of a 

respiratory virus could represent asymptomatic colonization or post-infectious 

shedding. Appraisal of asymptomatic persons, in comparison to patients with 

respiratory illnesses, is essential for better understanding of the significance of 

detected viral nucleic acids and improved interpretation of diagnostic results. 

Up to now only a few studies employing PCR have specifically looked at the 

presence of respiratory viruses in asymptomatic persons. In most of these stud-

ies only one or two viral species or specific populations, such as children with 

chronic asthma or adults, were addressed5,8,13,14,17,21. We performed a prospec-

tive case control study  to:  1) determine the prevalence of respiratory viruses 

in asymptomatic and symptomatic young children and 2) to evaluate whether 

a quantitative approach could aid in the interpretation of diagnostic results.
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Methods

This prospective case control study was performed at the Academic Medical 

Centre in Amsterdam which serves the local area and acts as a tertiary referral 

centre. A total of 141 cases and 157 controls were included during the winter 

seasons (November-April) of 2007-2008 and 2008-2009 (table 1). Cases were 

children up to 6 years old who were admitted with a clinical suspicion of an 

acute respiratory infection. Controls were children of the same age range, with-

out respiratory symptoms or fever for at least 7 days prior to inclusion, who 

visited an outpatient clinic of the AMC for non-respiratory disease in the same 

period as the cases. Asymptomatic children accompanying a sibling who vis-

ited the outpatient clinic were also asked to participate as controls. After writ-

ten informed consent by one of the parents, clinical data (except for influenza 

vaccination status) and a nasal wash (NW) were collected. Influenza vaccination 

status was not recorded for patients or controls. Moreover subject did not re-

ceive live attenuated influenza vaccine (FluMist) since this is not available in the 

Netherlands and non of participants received palavizumab 

 NW’s were performed by administering 1 to 2 milliliter sterile physiolog-

ical saline into the nose, and nasopharyngeal secretions were aspirated through 

a small suction catheter that was inserted through the nostril to a depth of 3 

to 4 centimeters. The suction catheter was connected to a mucus trap and fit-

ted to a vacuum source for suction. Saline was not applied in when apparent 

mucus was dripping from one of the nostrils.  Samples were processed on the 

same day and stored at -80˚C until further laboratory analysis. During the sea-

son of 2008-2009, parents of controls were contacted one week after sampling 

to inquire if the child had developed any respiratory or other complaints (fever, 

malaise, diarrhea or vomiting). The study was approved by the hospital ethical 

board. 
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Virological assays

Extraction of nucleic acids (NA) from 200 ul of the materials was performed by 

MagNA Pure (Roche Diagnostics, Penzberg, Germany) extraction using the to-

tal nucleic acid extraction kit (Roche Diagnostics, Penzberg, Germany). cDNA 

synthesis was performed as described earlier1. The multiplex PCR is based on 

our previously described method by Jansen et al and Molenkamp et al10,16 and 

consists of four packages comprising in package 1: influenza viruses A and B 

(InfA and InfB), enterovirus (EV),adenovirus (AdV), and the internal control (i.e. 

equine arteritis virus, which was added to the specimens prior to extraction); 

in package 2:  respiratory syncytial virus (RSV; A & B), rhinovirus (RV;A,B & C) 

and hMPV; in package 3: parainfluenza virus (PIV) 1,2,3,4 and parechovirus 

(PeV); and in package 4; hBoV and coronaviruses (hCoV: HKU1, NL63, 229E 

and OC43). With every extraction & PCR-reaction, three controls were run: 1) 

a positive control; plasmid containing the target sequence, 2) an uninhibited 

internal control; equine arteritis virus), 3) a negative control; Tris-EDTA buffer 

containing carrier DNA).

 PCR reactions were performed on a Roche LC480  platform (Roche Di-

agnostics, Penzberg, Germany). Reactions contained 10 ul of 2 x Probes Master 

(Roche Diagnostics, Penzberg, Germany), 900 nM of primer (each) 200 nM of 

probe (each), and 5 ul of a cDNA in a total volume of 20 ul. Cycling conditions 

were as follows: 2 min at 50°C and 10 min at 95°C, followed by 45 cycles each 

consisting of 15 sec at 95°C and 1 min at 60°C. Data were analyzed using the 

LC480 software (Roche Diagnostics, Penzberg, Germany). 

 Analytical sensitivity of the multiplex assay, expressed as the lower limit 

of detection, was between 40 and 50 copies/ml for every target. Dynamic rang-

es were determined to be linear between 500 and 10e8 copies/PCR of target 

plasmid. Sensitivities en specificities of the PCR’s were not determined, since 

a gold standard for viral respiratory infection is not established and traditional 

methods like viral culture and antigen detection have moderate sensitivity and 

specificity compared to PCR (22,23). Complete agreement was seen between 

the multiplex PCR and the single-target PCR when using samples spiked with 
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plasmid (Cohen’s kappa; 1.00). When testing clinical samples good concor-

dance was seen between multi and singleplex assay, except for clinical samples 

with EV (Cohen’s kappa; 0.918)10.

 Viral copies/ml, calculated on the basis of standard curves, were used 

to estimate differences in quantities of respiratory viral nucleic acids between 

cases and controls. Standard curves were made using dilutions of cloned plas-

mids quantified by Nanodrop (Nanodrop, Wilmington, USA),  diluted in TE 

(10mMTris–HCl, 1mMEDTA pH 8.0) supplemented with 20 ug/uL of calf thymus 

DNA (Sigma, Zwijndrecht, The Netherlands). Considerable inhibition was de-

fined as an IC value > 2x Standard Deviation above the mean IC value in virus 

negative samples, however no samples the samples showed be considerably 

inhibited. 

Statistics

Differences in copies/ml were assessed using the Mann-Whitney U test. Inde-

pendent categorical variables were analyzed using a Chi-squared test or a Fish-

er exact test using. Before mentioned statistics were performed using SPSS 

16.0 software. ROC analysis and graph design was performed using GraphPad 

Prism 4 software.

Results

Characteristics of patients and controls are displayed in table 1. Cases were 

younger than controls: median age of cases was 0.9 years vs. 2.9 years in con-

trols (p<0.001). At least one virus was detected in 72% (102/141) of the cases. 

The presence of multiple viral species was demonstrated in 27 out of these 102 

cases (26%). In the controls at least one virus could be detected in 27% (42/157), 

of which 12% (5/42) represented infections with multiples viral species (table 

2). To correct for the differential age distribution between cases and controls, 

virus prevalence was stratified in 3 age groups (0-1 year, 1-2 years and 2-6 years 
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old). Results are displayed in table 2. The greatest prevalence was observed in 

cases in the age group 1- 2 years with the presence of at least one virus in 89% 

of cases.  A strikingly high prevalence of 44% was observed in asymptomatic 

children in the age group < 1 year (figure 1). The detection of a virus was not 

correlated with the presence of common cold symptoms among household 

members, attending a day care centre, smoking parents or any respiratory tract 

disease in the past (data not shown). 

 A total of 130 viruses were detected in 102 cases, with RSV and RV as 

main pathogens representing 31% (40/130) and 25% (32/130) respectively of all 

viruses detected (table 2). In controls, RV with 53% (24/45) and hCoV with 24% 

(11/45) were the most common pathogens detected. 

 To address differences in virus quantities, viral copies/ml for cases and 

controls were compared. Overall, asymptomatic children had a median of 2755 

copies/ml [IQR 821-18055]), which was significantly lower than the median of 

46252 copies/ml [IQR 4147-381898]) in symptomatic children (p<0.01). After 

stratifying for age, differences viral copies remained significant for all age cat-

egories. The median viral loads for the different ages groups were: Age group 

0-1 years; asymptomatic 2856 copies/ml(IQR; 748- 15364) vs. symptomatic 

63045 copies/ml (IQR 4376-417094), (p=0,02). Age group 1-2 years; asympto-

matic 3319 copies/ml (IQR; 1458- 28821) vs. symptomatic 95117 copies/ml(IQR 

2608-471918), (p=0,03). And age group 2-6 years; asymptomatic 2295 copies/

ml (IQR; 785- 30573) vs. symptomatic 31068 copies/ml (IQR 2163-297703), (p= 

0,01), data not shown. 

 Analyses for separate viral species showed significantly lower median 

viral loads in asymptomatic children for RV (p<0.01), InfA (p=0.01) and hCoV 

(p<0.01) (figure 2). These results did not change when limiting the analyses to 

single infections (data not shown) . For RV these results were also not changed 

by age stratification as median loads for controls were significantly lower than 

for the cases in each age category. Sample size was too small to repeat the 

age-stratified analysis for other viral species. 

For all viruses, except InfA, overlap was seen between viral loads of cases and 

controls. To asses the effect of viral load cut-off values on sensitivity and spec-
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ificity for diagnosing disease, a ROC analysis was performed for RV (Figure 

3),  for which sufficient infections in cases and controls were available. To pre-

vent possible difficulties in interpretation, double infections were excluded. 

The ROC analysis showed that the specificity of clinically relevant positive PCR 

results (i.e. the presence of both virus and clinical symptoms)  for RV single 

infections rapidly declines when loads were lower than approximately  30000 

copies/ml  (104,5 copies/ml),  losing all relation to clinical symptoms at 103,5 cop-

ies/ml. 

 During the season of 2008-09 the parents of 57 controls were contacted 

by telephone 7 days after the visit, to determine if clinical symptoms had de-

veloped during the week after sampling. Of the controls in whom at least one 

virus could be detected, 37% (7/19) developed symptoms during the week af-

ter sampling, while in those without detectable viruses, 43% (14/32) developed 

symptoms (p=0.2). There was no correlation between specific viral species and 

development of symptoms, nor correlations were found between the level of 

viral loads and the development of symptoms during the following week (data 

not shown). 

Discussion

With the availability of very sensitive molecular techniques to detect viral path-

ogens, questions could be raised about the causality between the presence 

of microbial nucleic acids and the clinical syndrome in individual patients. To 

aid better understanding of the significance of a positive  PCR test and to im-

prove the interpretation of diagnostic results, it is imperative to evaluate the 

detection of pathogens in asymptomatic controls, in addition to persons with 

clinical disease.  To our knowledge this is the first prospective study using real 

time PCR that compares the presence of a comprehensive panel of respirato-

ry viruses between young children with respiratory illness and those without 

symptoms.

Our study shows that the prevalence of respiratory viruses is high in asympto-
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matic children (27%), particularly in infants (44%). In previous studies  respirato-

ry viruses have been detected at varying frequencies in asymptomatic children, 

depending on the different viral species tested and the age of the patient pop-

ulations studied. For example, Winther et al. 29 found that picorna viruses were 

found in only 5 % of asymptomatic episodes, while Garcia-Garcia et al.(8) found 

20% carriage rate of hBoV, RV and AdV in their control group. Studies using a 

large panel of respiratory viruses have reported higher prevalence’s;  Kuselet al 

reported a prevalence of 25% in prospectively followed infants during periods 

without symptoms15  and Jartti et al. found at least one virus in 45% of asymp-

tomatic infants younger then one year old12. 

The prevalence of specific viral species differed considerably between sympto-

matic and asymptomatic children.  Among symptomatic patients RSV was the 

most prevalent virus, but this virus was rarely detected among controls. This is 

in agreement with other studies showing that RSV is infrequently detected in 

asymptomatic individuals5,8,14,25, suggesting that RSV infection is usually asso-

ciated with clinical illness and should be regarded as the causative pathogen 

when detected in a patient with respiratory symptoms. The very low prevalence 

of hMPV and AdV in controls compared to relatively high prevalence’s in cases 

in our study, suggests that the same may be true for these viruses. Previous 

studies have shown that hMPV is common in asymptomatic adults, but indeed 

is rare in asymptomatic young children26,27. However for AdV, asymptomatic 

carriage in children has been reported to be as high as 30 percent20. The low 

prevalence amongst controls in our study may be explained by the sampling 

method or by adenovirus serotype2. Our study and other studies show a prev-

alence of Adv of  ≤ 4% in asymptomatic individuals when using NW8, while a 

study using throat swabs revealed  a prevalence of 33%20. This difference  may 

be related to the latent presence of AdV DNA in human tonsil tissues9 and 

indicates the importance of taking into account specimen type for virological 

diagnosis. Further studies comparing different specimen types and adenovirus 

serotypes in symptomatic and asymptomatic individuals are clearly needed.
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 In contrast to RSV, hMPV and AdV, viruses such as  RV, hCoV and hBoV 

were frequently found in asymptomatic children. This suggests that a causal 

inference of the detection of these viruses in symptomatic patients should be 

made with caution. Assessment of viral load could potentially aid the interpre-

tation of positive test results. Indeed, virus loads were higher in cases than in 

controls. The magnitude of these differences varied between different virus 

species. For RV, InfA and hCoV median viral load differed significantly between 

cases and controls. A similar trend was observed for InfB and hBoV, but failed 

to reach statistical significance, perhaps due to the limited numbers of positive 

samples for these species. Few studies have compared quantitative PCR results 

symptomatic and asymptomatic children. For RV Peltola et al. did not find statis-

tical differences in RV load in symptomatic and asymptomatic persons 18. Howev-

er the methodology of this study differed from our study, comparing both adults 

& children, and analyzing samples taken at different time points of infection. 

 When differences in load between symptomatic and asymptomatic chil-

dren are present ,it should be feasible to define cut off levels for the various vi-

ruses to aid clinical interpretation of test results. InfA was the only virus for which 

no overlap was noted between viral of cases and controls. One could speculate 

therefore that cut off values for influenza could easily be determined, but larger 

sample sizes of InfA positive cases and controls are clearly needed for this. For 

viruses that show overlap of in viral loads amid cases and controls, ROC curves 

are useful to define cut off values, as they demonstrate the effect of different cut 

off levels on test specificity and sensitivity. Using the depicted ROC curve for RV; 

one could inform the clinician that for RV loads >/= 104.5 copies/ml, this virus is 

very likely to be the cause of the presenting illness, while doubts concerning the 

etiology may remain in cases with loads <104.5 copies/ml 

 There are obvious challenges in determining clinically relevant cut-off 

values for respiratory viruses in different patient groups as these will likely be 

influenced by factors such as the timing of sampling during the course of illness 

and the presence of co-morbidities. In addition, challenges exist with regard to 

sample quality and standardization of sampling methods. For example sampling 

of the upper respiratory tract will always show some degree of inter-patient var-
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iation. We used NW which will have variations in dilution of sampling. Howev-

er, dilution of NW is likely never greater than 10-fold, based on the amount of 

mucus excreted in asymptomatic individuals4. Therefore semi-quantitation is still 

applicable in samples that can reach up to 1010 viral particles per milliliter6. 

 Our observations point to the need for a more nuanced look at diag-

nostic results and the potential value of quantitative results in interpreting the 

clinical relevance of test results. Larger samples sizes in a variety of different pa-

tient groups are clearly needed to overcome the before mentioned challenges 

and to design reliable ROC curves for infections with viruses that are also found 

frequently among controls. 

Regarding the presence of a respiratory virus in the upper respiratory tract in 

the absence of symptoms, this observation could be explained by several rea-

sons. Firstly, detectable virus could represent the period of incubation before 

the onset of symptoms. In our study we did not find a higher frequency of symp-

tom development during the following week in asymptomatic children who were 

virus-positive when compared to those in whom no virus could be detected. 

However reliable analyses could not be performed for the less prevalent viruses 

in our study like InfA, InfB and hBoV. Secondly, the detection of virus could repre-

sent post-infectious shedding. Duration of viral shedding differs greatly between 

different studies, varying between several days from the start of symptoms to 

several weeks after resolution of symptoms. Duration of shedding likely depends 

on virus species, clinical background of the patient and the detection method 

used11,19. In a prospective birth cohort study, about 25% percent of infants shed 

respiratory viruses (RV, hMPV, hCoV or mixed infection) for 3 weeks or more af-

ter clinical illness19. We included young children as controls  if they had been 

symptom-free for at least 7 days prior to inclusion, hence it remains possible 

that a proportion of detectable viruses represented long-term  post infectious 

shedding. A third explanation could be subclinical infection. Studies on adult 

volunteers challenged with InfA or RSV show that 23% to 33% do not develop 

clinically manifest symptoms3,28. Although such human volunteer studies have 

not been performed in children, it seems likely that asymptomatic infection also 

occurs in children, especially in case of less pathogenic viruses like RV and hCoV.
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The most important limitation of our report is the cross sectional character of the 

study. Since controls were sampled once and clinical follow up was done in only 

a proportion of controls, it is difficult to determine the exact explanation for pos-

itivity in individual participants (e.g. post viral shedding, subclinical infection or 

incubation before symptomatic infection). Larger longitudinal studies are need-

ed to fully address the causes and implications of respiratory virus detection in 

asymptomatic persons. Such studies will also help to define cut-off values for 

specific viruses to aid in diagnostic interpretation.  Our data indicate that de-

fining such cut-off levels may be feasible and represent the next necessary step 

towards reliable laboratory diagnosis of viral respiratory infections. 
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Table 1  
Clinical characteristics of cases and controls.
 

Cases (n=141) Controls (n=157) P value

Median age in years (IQR1) 0.9 (0.3 – 2.4) 2.9 (1.2 – 4.6) < 0.01

Girls (%) 49 (35%) 66 (42%)    0.2

Reason for visit: 

Cases;

URTI2 & imminent dehydration 

Wheezing illness                      

Pneumonia   

Impending respiratory failure  

Dyspnoea not further classified   

Fever of unknown origin        

Other (not classifiable) 

Controls;

Orthopaedics-Surgical disease

Gastrointestinal disease

Neurological disease 

Cardiac disease

Respiratory disease (non infec-

tious)

Uro-genital disease

Accompanying sibling

Other (not classifiable)

16 (11%)

32 (23%)

12 ( 9%)

18 (13%)

15 (11%)

25 (17%)

23 (16%)

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

42 (27 %)

12 (8 %)

7 (4 %)

16 (10 %)

7 (4 %)

5 (3 %)

43 (27 %)

26 (17%)

-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

Co-morbidity

Respiratory

Recurrent pulmonary disease

Recurrent ENT3 disease

Wheezing illness

Cystic fibrosis

Prematurity

28 (20%)

14 (10%)

24 (17%)

0

39 (28%)

12 (7,5 %)

31 (20 %)

23(15 %)

0

19(12 %)

< 0.01

< 0.01

   0.7

      -

< 0.01

IQR1= inter quartile range; URTI2 = upper respiratory tract infection, ENT3 disease = ear- nose- 

throat disease
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Table 2. 
Number (and percentage) of viruses detected per age group; categorized 

by single or double infection.

Cases Controls

Age in years <1 
(n=72)

1-2 
(n=28)

>2-6 
(n=41)

Total
(n=141)

<1 
(n=30)

1-2 
(n=23)

>2-6 
(n=97)

Total 
(n=157)

InfA 1 
(1.4%) - 3

(7.3%)
4

(2.8%) - - 2
(2.0%)

2
(1.2%)

InfA + RV - 1 
(3.6%) - 1

(0.7%) - - - -

InfA + hMPV 1 
(1.4%) - - 1

(0.7%) - - - -

InfA + hCoV - - - - 1
(2.9%) - - 1

(0.6%)

InfB - - 1
(2.4%)

2
(1.4%)

1
(2.9%) - 1

(1.0%)
2

(1.2%)

EV - - - - - - - -

AdV 3 
(4,2%) - 2

(4.8%)
5

(3.5%)
1

(2.9%) - - 1
(0.6%)

AdV + RSV 1 
(1.4%)

2
(7.2%)

1
(2.4%)

4
(2.8%) - - - -

AdV + hCoV - 1 
(3.6%) - 1

(0.7%) - - - -

AdV + RV - 2
(7.2%) - 2

(1.4%) - - - -

RSV 18
(25%)

5
(18%)

7
(17%)

30
(21%)

1
(2.9%) - 1

(1.0%)
2

(1.2%)

RSV + RV - 1 
(3.6%) - 1

(0.7%) - - - -

RSV + hCoV - 3
11%) - 3

(2.0%) - - - -

RSV + hBoV 1 
(1.4%)

1 
(3.6%) - 2

(1.4%) - - - -

RV 11 
(15%)

5
(18%)

6
(15%)

22
(16%)

4
(12%)

3
(12%)

13
(14%)

20
(14%)

RV + EV 1 
(1.4%) - - 1

(0.7%) - - - -

RV + hMPV - - 1
(2.4%)

1
(0.7%) - - - -

RV + hBoV 1 
(1.4%)

2
(7.2%) - 3

(2.1%) - 1
(4.0%) - 1

(0.6%)
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RV + PIV2 1 
(1.4%) - - 1

(0.7%) - - - -

RV+ EV + 
hBoV - - - - - - 1

(1.0%)
1

(0.6%)

RV+RSV+h-
CoV - - - - 1

(2.9%) - - 1
(0.6%)

RV+hCoV - - - - 1
(2.9%) - - 1

(0.6%)

hMPV 3 
(4.1%)

1 
(3.6%)

3
(7.3%)

7
(4.9) - - - -

hMPV+ 
hBoV

1 
(1.4%) - - 1

(0.7%) - - - -

PIV1 - - - - - - - -

PIV2 - - - - - - - -

PIV3 2 
(2.4%) - - 2

(1.4%) - - - -

PIV4 - - - - - - -

PeV 2 
(2.4%) - - 2

(1.4%) - - - -

hCoV 2 
(2.4%) - 1

(2.4%)
3

(2.1%)
3

(8.8%)
2

(8.0%)
3

(3.0%)
8

(5.1%)

hCoV+ hBoV 1 
(1.4%) - - 1

(0.7%) - - - -

hBoV 1 
(1.4%)

1 
(3.6%)

1
(2.4%)

3
(2.1%)

2
(5.8%) - - 2

(1.2%)

No virus de-
tected

21 
(29%)

3
(11%)

15
(37%)

39
(28%)

19
(56%)

19
(76%)

77
(79%)

115
(73%)

Total 72
(100%)

28
(100%)

41
(100%)

141
(100%)

34
(100%)

25
(100%)

98
(100%)

157
(100%)

InfA&B= influenza viruses A & B, EV= enterovirus, AdV= adenovirus, RSV= 

respiratory syncytial virus, RV= rhinovirus, hMPV= human metapneumovirus, 

PIV1,2,3&4 = parainfluenza virus1,2,3&4, PeV= parechovirus. hBoV= human Bo-

cavirus, hCoV= corona viruses.
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Figure 1

Figure 1 Viral prevalence in cases and controls stratified for age. The per-

centage represents the amount of positive cases for the total group, and for 

each specific age group. Single infections (i.e.; one virus species detected) are 

coloured light gray. Double infections (i.e.; two or more virus species detected) 

are coloured dark gray.
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Figure 2

Figure 2 Cp values for each positive sample. Horizontal lines represent the 

median. PIV 1, PIV2, PIV3, PIV4 and hMPV are not shown in this figure since no 

positive samples were found in controls for these species.
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Figure 3 ROC curve for RV positive samples, excluding double infections. The 

curve shows the relationship between sensitivity and specificity, when different 

cut offs in copies/ml value are applied for association with clinical illness.
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Abstract

The introduction of molecular techniques has dramatically improved the de-

tection of respiratory viruses in children with acute respiratory diseases. Yet 

interpretation of results remains difficult, as positive tests are also frequently 

recovered form children without overt respiratory disease. A possible expla-

nation for this phenomenon could be viral persistence in adenoid tissue.  To 

further investigate this hypothesis, we analyzed fifty-four tissue samples after 

elective adenoidectomy, from non-clinically ill children. Surprisingly, 80% of the 

adenoids were positive for one or more viruses, whereby human bocavirus, ad-

enovirus and picornaviridae were detected most frequently. We suggest that 

adenoid tissue can play an important role in asymptomatic viral persistence. 

Introduction

The introduction of molecular techniques has contributed significantly to the 

sensitivity virus detection in children with symptoms of viral respiratory disease. 

However interpretation of positive test results remains difficult, as positive PCR 

results are also recovered form asymptomatic children1 . 

 For DNA viruses like Epstein Barr virus and adenovirus (AdV), adenoids 

are a known source for persistent viral shedding2,3. Moreover, reactivation of 

AdV from mucosa-associated lymphoid tissue is increasingly recognized as a 

severe problem in children with hematological malignancies4,5. We investigat-

ed whether other respiratory viruses are  present in adenoids of non-acutely ill 

young children.
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Methods

Adenoid tissue was obtained from 54 children. These children underwent elec-

tive adenoidectomy because of a history of upper airway obstruction compli-

cated by recurrent otitis media, or obstructive sleep apnea. At the time of ade-

noidectomy they were non-acutely ill, meaning that these children did not have 

fever or symptoms of an acute upper respiratory tract infection. All patients 

were treated at the Academic Medical Center, in Amsterdam, the Netherlands. 

The study period lasted from November 2007 until March 2008 with an average 

inclusion of 10 patients per month. Mean patient age was 3.2 years (IQR [inter 

quartile range] =1.9-4.3); 56% were male and 44% female. After collection, the 

samples were processed anonymously. The study protocol was in concordance 

with the code for proper secondary use of human tissue of the Dutch federa-

tion of medical research associations and the local AMC research code.

 Tissue was stored immediately upon removal at -20 ˚C in RNAlater (Am-

bion, Bleiswijk, the Netherlands). Prior to analysis the RNAlater was removed 

and the tissue was washed with sterile PBS. Subsequently, total nucleic acid 

isolation was performed by pretreatment with 1 mg/mL proteinase K at 56˚C, 

followed by MagnaPure isolation using the Total Nucleic Acid extraction kit 

(Roche applied science, Penzberg, Germany). cDNA synthesis was performed 

as described before6. Detection of human bocavirus (hBoV), adenovirus (AdV), 

influenza viruses (InfA & B), parechovirus (PeV), parainfluezaviruses (PIV1-4), res-

piratory syncytial virus (RSV), human metapneumovirus (hMPV), coronaviruses 

(CoV: subtypes HKU1, NL63, 229E and OC43), rhinovirus (RV) and enteroviruses 

(EV), by real-time multiplex PCR, was performed as previously described7,8 .

 Typing of RV and CoV was done by sequencing the RV VP4 region and 

the CoV nucleocapsid gene respectively, followed by phylogenetic analysis. 

Relationships between patient age, viral presence and single versus multiple 

viral infection, were examined by Mann Whitney U testing, using SPSS 18.0 

(IBM, USA).
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Results

In 43 out of 54 adenoid tissues (80%) a total of 73 viruses were detected. Results 

are summarized in Table 1. HBoV was found most frequently in 29/54 (54%) 

adenoids. RV, AdV, EV were all found with a similar frequency of 19%, followed 

by CoV with a prevalence of 11%. Surprisingly, the prevalence of RSV was low 

(1/54) and Inf A/B viruses were not detected at all, despite the collection of 

adenoid tissue in the middle of the wintertime.  

 The majority of viruses were detected in combination with one or more 

other viruses (52/73=71%). In one sample, even 4 different viruses were pres-

ent. HBoV was most frequently detected as a single pathogen (54% of the hBoV 

positives). Interestingly, the presence of multiple viruses in adenoid tissue was 

significantly associated with younger age. While in children with a median age 

of 2.2 years (IQR 1.5-3.1) the adenoid tissue contained usually multiple viruses, 

in older children (median age 3.6 years, IQR 2.7-4.6)) we more frequently found 

only one virus per adenoid tissue (Mann Whitney U test; p = 0.005). Median 

age was 2.2 years (IQR 1.5-3.1) for patients with more than one virus present 

in their adenoid tissue, versus 3.6 years (IQR 2.7-4.6) for children with only one 

virus present (Mann Whitney U test; p = 0.005). In comparison to other viruses, 

we found AdV preferentially in younger children (2.0 [IQR 1.2-2.8] year versus 

2.9  [1.9 -4.1] year, respectively [p=0.007]). Looking at specific viruses, median 

age for AdV positives was significantly lower compared to median age for other 

viruses (respectively 2.0 [IQR 1.2-2.8] year versus 2.9  [1.9 -4.1] year, respectively 

[p=0.007]). For RV, we found a seasonal preference as the highest prevalence 

(6 out of 10 samples positive for RV) was observed in the November month. 

In contrast, the prevalence of hBoV was distributed equally among all winter 

months (data not shown). 

 We also studied the prevalence of viral subtypes of RV and CoV in the 

adenoid tissue samples. For RV, the following six different genotypes were 

found: type A-7 [n=3], type A-12 [n=2], type A-36 [n=1] , type A-24[n=1], type 

B-69[n=1]  and type C [n=2]. In case of CoV we found the following three gen-

otypes: HKU [n=3], NL63 [n=1], and OC43 [n=2].
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Discussion 

In this study we examined the viral prevalence in adenoid tissue of non-clinical-

ly ill children, who underwent an elective adenoidectomy because of recurrent 

symptoms of upper airway obstruction due to adenoid hypertrophy. We found 

a high prevalence of viral pathogens in the adenoids of young children, which 

is similar as reported by other recent studies9,10. The distribution of specific 

viral species is also comparable to what has been described before9,10, with 

the exception of CoV, which has not been reported before in adenoid tissue. 

Detection of AdV and multiple viruses was related to the youngest age group, 

as also reported by Jartti et al11. This possibly reflects reduced capability of 

viral clearance by the immature and inexperienced immune system of younger 

children12,13.  

 With our multiple PCR assay we detected 3 of the 4 circulating CoV 

subtypes and 6 different RV genotypes. This demonstrates the sensitivity of our 

assay for both viruses, and shows that infection of adenoid tissue is independ-

ent of the genotype. 

 The clinical significance of detecting respiratory viruses in the adenoids 

of children with acute infection remains a matter of debate. Respiratory viruses, 

especially RV and EV, are found in middle-ear aspirates in 70% of the patients 

with acute otitis media, and these infections are often accompanied by res-

piratory bacteria14. Previous papers have suggested that viral persistence in 

adenoids causes chronic inflammation and adenoid hypertrophy, which subse-

quently leads to recurrent viral and bacterial super infections of the upper air-

way and the internal ears15. However, an randomized clinical trial did not show 

advantages from adenoidectomy compared to watchful waiting for upper res-

piratory infections or otitis media with fever, nor is adenoidectomy indicated 

for otitis media with effusion16,17.

 Furthermore, it is arguable whether the detection of viral DNA or RNA 

represents viable virus. Garnett et al. could only culture AdV in 14% of PCR-pos-

itive adenoids, which was independent of virus load, showing that for AdV most 

positive findings do not represent viable virus18. For other viruses, comparison 
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between PCR and culture has not been performed. In our study all adenoid 

samples came from children without overt respiratory symptoms, suggesting 

no major viral replication or infection. On the other hand, non-viable virus can 

be clinically relevant, as reactivation of AdV in severely immune compromised 

children is known to cause significant morbidity4,5. Knowing that there is a high 

prevalence of several other respiratory viruses in adenoid tissue it would be of 

interest to study whether viral reactivation could occur in this patient category.

 Detection of viruses in asymptomatic patients hampers the interpreta-

tion of molecular viral diagnostics, since the detection of a virus alone is not 

enough to confirm causal relationship to clinical disease1. A study of our own 

group in asymptomatic children of the same age category during the same pe-

riod, showed viral prevalence in 28% of the nasal washes, whereby RV, hBov and 

CoV were the most frequently detected species1. It is tempting to speculate 

that these findings could be explained by persistent asymptomatic shedding 

from the adenoids. Indeed, Proenca-Modena et al. observed a high correlation 

of similar viral species in nasopharyngeal samples and adenoid tissue samples 

in children without acute respiratory tract infection (AdV 63%, RV 56%, EV 44% 

and hBoV 44% respectively)9. In contrast, a study comparing tonsillar tissue with 

nasopharyngeal samples, merely reported concurrent finding for enterovirus, 

but not for other virus species11. These differences between adenoid and ton-

sillar tissue are possibly related to their localization in the oropharynx. 

 Our study has several limitations. Although children were only included 

when they had no signs of fever or clinical illness, we do not know how many 

had minor common cold complaints or a recent episode of respiratory disease. 

Moreover, because of the study design no definite conclusions can be made 

about positive viral finding in adenoids in relation to detection of viruses in 

upper respiratory tract samples. Future studies, undertaking longitudinal fol-

low-up of upper respiratory samples in two cohorts of children (those with and 

those without adenoid removal) should be performed to confirm the assump-

tion that the adenoids are an important source of asymptomatic viral shedding. 

Indeed Primo et al showed a decrease of 42 % in the prevalence respiratory 
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viruses in nasopharyngeal samples of children after adenoidectomy. Yet this 

study was rather small en did not have a  control group without adenoidecto-

my19.

 In conclusion, our study showed high prevalence of many respiratory 

viruses in adenoid tissue of non-clinically ill children, especially for viruses like 

human bocavirus, adenovirus and picornaviridae. Viral persistence in adenoids 

may hamper respiratory viral detection by means of asymptomatic viral shed-

ding to the nasopharynx. 
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Table 1

Number of positive 
viruses (% compared to 
number of samples)

Number of virus co-
detected with anoth-
er virus (%).

 
Median age 
at detection in years
(inter quartile range)

All included patients
n=54                   -                        - 3.0 (1.9- 4.3) $

hBoV 29 (54%) 14/29 (48%) 3.1 (2.1-4.4)

RV* 10 (19%) 9/10 (90%) 2.1 (1.5-3.2)

AdV 10 (19%) 8/10 (70%) 2.0 (1.2-2.8) ^

EV 10 (19%) 9/10 (90%) 1.9 (1.5-4.9)

hCoV# 6 (11%) 5/6 (83%) 2.9 (1.0-5.1)

PIV3 3 (6%) 2/3 (67%) 3.0 (1.5-3.7)

PIV2 1 (4%) 1/1 (100%) 3.2

PIV4 2 (4%) 2/2 (100%) 2.5

hMPV 1 (2%) 1/1 (100%) 2.7

RSV 1 (2%) 1/1 (100%) 5.9

Inf A 0 (0%)                        - -

Inf B 0 (0%)                        - -

PeV 0 (0%)                        - -

PIV1 0 (0%)                        - -

Total                 73 φ 52/73 (71%) -
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$Median age for children with children with only one virus was 3.6 years (inter quartile range 

2.7-4.6). For children with more than one virus age was 2.2 years (inter quartile range 1.5-3.1). 

P=0.005 (Mann Whitney U). 

*For RV 6 different subtypes were detected (see text for details)

#For hCoV 3 different subtypes were detected (see text for details)

^Compared to the median age for positive samples 2.9 years (inter quartile range 1.9 -4.1). 

Mann Whitney U; p=0.007

φOf the 54 samples; 43 samples were positive. Of this 43 samples 26 had more than one virus. 

proefschift-rjansen-1-0 20141026 rj.indd   109 27-10-2014   19:22:08



110

proefschift-rjansen-1-0 20141026 rj.indd   110 27-10-2014   19:22:08



111

Chapter 6

Febrile neutropenia: significance of elaborated screening for 
respiratory viruses, and the comparison of different sampling 
methods, in neutropenic patients with hematological malignan-
cies

Rogier R. Jansen1, Bart J.Biemond2, Janke Schinkel1, Sylvie M. Koekkoek 1, Ri-

chard Molenkamp1, Menno D. de Jong1, Caroline E. Visser1

Department of Medical Microbiology1, and the Department of Hematology2, 

Academical Medical Centre, University of Amsterdam, Amsterdam, the Neth-

erlands.

Virol J. 2013 Jun 27;10:212

6

proefschift-rjansen-1-0 20141026 rj.indd   111 27-10-2014   19:22:08



112

Chapter 6

Abstract

During febrile neutropenia in only 30 to 60 percent an infectious agent is iden-

tified. This diagnostic gap could hypothetically be reduced with the broad im-

plementation of molecular detection techniques like PCR, which has revolu-

tionized the detection of infectious diseases during the last two decades. We 

performed a longitudinal prospective study (N= 81) of neutropenic patients to 

assess the role of respiratory viruses in neutropenic fever and to determine the 

clinical relevance of blind screening for these viruses. Respiratory viruses were 

recovered in 14% of the patients prior to neutropenia. In 13% of neutropenic 

patients without fever and in 19% of those with fever, a respiratory virus was de-

tected. Comparing different sample types; nasal swabs performed significantly 

better  (16/117= 43%), than throat swabs (6/106 = 6%). Throat gurgles did not 

show significant differences from the latter sample types. 

In conclusion; blind diagnostic screening for respiratory viruses before or dur-

ing neutropenia is not useful. Nasal swabs are sensitive and practical option for 

screening on respiratory viruses. 
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 Introduction

Fever during neutropenia is a frequent problem in patients with hematological 

malignancies and is the most common cause of non-malignant morbidity and 

mortality in this patient group1. An infectious etiology is identified in only 30 to 

60 percent of the febrile neutropenic episodes2-4. Despite this diagnostic gap, 

most studies and guidelines merely presume bacterial and fungal microorgan-

isms as the cause of neutropenic fever, but do not extensively look at possible 

viral etiologies2-5. Since respiratory viruses are known to be the most common 

cause of fever in the general population and the clinical presentation of a viral 

infection is often not specific in neutropenic patients, diagnostic screening for 

respiratory viruses seems rational in patients presenting with neutropenic fever. 

In children, there is growing evidence that neutropenic fever is frequently asso-

ciated with respiratory viral infections6,7. Moreover, in stem cell transplantation 

(SCT) patients, viruses are recognized to frequently cause post-transplant fever 
8-11. 

 Over the last decade molecular techniques, such as polymerase chain 

reaction (PCR), have revolutionized the diagnosis of viral infections. PCR has 

enabled rapid and highly sensitive detection of a large number of respiratory 

viruses, including those that cannot, or are difficult, to culture, such as human 

Bocavirus (hBoV) and human metapneumovirus (HMPV)12-14. In patients with he-

matological malignancies, PCR has shown to be far more sensitive than viral 

culture11,15, but these studies have not looked into viral prevalence during neu-

tropenic fever.

 This study was performed to look at the role of respiratory viruses in 

neutropenic fever in adults with a hematological malignancy and assess the 

usefulness of screening for respiratory viruses before the onset of neutropenia.
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Methods

This paper describes a prospective study performed at the Academic Medical 

Centre (AMC), which acts as tertiary referral centre in the Netherlands. Data 

was obtained by a longitudinal cohort study at the adult hematology ward of 

the AMC and was performed from November 2008 until April 2010. Patients 

were eligible for inclusion when chemotherapy-induced significant neutrope-

nia (i.e. > 7 days) was expected. A patient could be included for every succes-

sive neutropenic episode, assuming that the latter episode was followed by full 

recovery of the peripheral blood neutrophil count and the patient had been 

discharged from the hospital in between episodes. Three types of respiratory 

specimens (a nasal swab, pharyngeal swab and throat gurgle) were collected 

at 3 different time points: upon admission (i.e. around the onset of chemo-

therapy), during deep neutropenia (10-14 days after onset of chemotherapy) 

and, if present, at the start of neutropenic fever. The 3 different time points 

were labeled as phase A, phase B and phase C respectively. Fever was defined 

as a single temperature of >38.5ºC or a sustained temperature of >38ºC for 

more than one hour. Each patient’s symptoms and signs during admission were 

registered on a case record form. All materials were analyzed by quantitative 

real time multiplex PCR covering the following viruses; influenzavirus A (InfA) 

and B (InfB), enterovirus (EV), adenovirus (AdV), respiratory syncytial virus (RSV), 

rhinovirus (RV) and human-metapneumovirus (hMPV), parainfluenzavirus 1-4, 

human-parechovirus (hPeV), human-coronavirus (hCoV: HKU1, NL63, 229E and 

OC43) and human-bocavirus (hBoV)16,17. This was done at the end of the study; 

hence treating physicians were not aware of the study results during patient 

treatment. The local ethics committee approved the study and all participating 

patients provided written informed consent before entering the study.
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Results

Patients Characteristics and Symptomatology:

This study prospectively included 66 patients who developed a total of 81 ep-

isodes of neutropenia and 42 episodes of neutropenic fever during the study. 

In ten of these 81 episodes, sampling at the onset of chemotherapy could not 

be performed and merely samples during neutropenia were collected. Of the 

included 81 neutropenic patients (phase A) 42 developed neutropenic fever 

(phase C). Most of them (n= 35) developed fever before day 10-14 after on-

set of chemotherapy, and therefore passed over sampling at phase B. Patient 

characteristics are shown in Table 1. Acute myeloid leukemia was the most fre-

quent diagnosis, followed by multiple myeloma and relapsed diffuse large cell 

non-Hodgkin lymphoma.  Most patients were treated with intensive chemo-

therapy or myeloablative chemotherapy followed by autologous stem cell res-

cue or by allogeneic stem cell transplantation. A limited number of patients 

who were treated with reduced intensity conditioning followed by allogeneic 

stem cell transplantation were included. 

 Respiratory tract signs or symptoms were defined as rhinorrhoea, 

coughing, sneezing, sore throat (except in the neutropenic phase), dyspnea, 

and crackles or wheezes at auscultation. Sore throat during neutropenia was 

not considered an infectious respiratory symptom since this was usually associ-

ated with chemotherapy-induced mucositis. Respiratory tract complaints were 

present in 21% (15/71) of patients upon admission (phase A), in 13% (6/41) of 

patients during neutropenia (phase B), and in 24% (10/42) of patients during 

neutropenic fever (phase C). A probable clinical diagnosis for neutropenic fe-

ver was established by the treating physician in 23/42 (55%) of febrile patients. 

The 3 most prevalent clinical diagnoses were central venous catheter related 

infection 13/42 (31%), neutropenic colitis 3/42 (7%) and pneumonia 3 (7%). In 

contrast to clinical diagnosis, 28% (9/32) of the patients with neutropenic fever 

had abnormalities on imaging possibly consistent with lower respiratory tract 

infections. 
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Microbiological Findings:

Diagnostic results are shown in Table 2. Before the start of chemotherapy 

(phase A), viral nucleic acids were detected in 14% (10/71) of patients. In 13% 

(6/46) of neutropenic patients without fever (group B) and in 19% (8/42) of those 

with fever (phase C) a respiratory virus was detected by PCR. The distribution 

of viral species found in the different groups is described in Table 2. RV was the 

most frequently detected virus followed by hBoV and hCoV. InfA & B and PIV 2 

& 4 were not present in any of the tested samples. No substantial differences 

in the distribution of specific viral species were observed between groups. Viral 

positivity did not show any seasonal pattern for any of the groups.  Patients 

with respiratory symptoms were not associated with a higher prevalence of 

respiratory viruses compared to asymptomatic patients. (resp. 2/10 [20%] vs. 

6/32 [19%]). Virus quantity as measured in crossing point values did not differ 

between symptomatic and asymptomatic patients (table 2). 

 Looking at different sample types, nasal swabs had a positivity rate of 

14% (16/117), compared to 6% (6/106) for throat swabs and 9% (14/148) for 

throat gurgles. The difference between nasal swabs and throat swabs was sta-

tistically significant (p<0.05 chi square test). When multiple samples were tak-

en, more than one sample was positive in 49% of the paired samples.

Longitudinal analyses of prospective samples showed that of the 10 viruses 

found before the start of chemotherapy only 2 were still present during neu-

tropenia (one in a patient with, and another in a patient without, neutropenic 

fever). In both cases it concerned RV. 
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Discussion 

Clinical management of neutropenic fever remains a challenge during the treat-

ment of hematological malignancies. In these patients, symptoms are often 

non-specific and an etiology of infection is frequently not established. In the 

present study, we performed a longitudinal prospective study to address the 

role of respiratory viruses in causing neutropenic fever and to assess the clinical 

relevance of diagnostic screening for respiratory viruses during the course of 

neutropenia. 

 The data collected in this study does not support a prominent etiologi-

cal role of respiratory viruses in the development of neutropenic fever. Patients 

in whom respiratory viruses were detected did not exhibit more respiratory 

symptoms or signs than patients without respiratory viruses. While this could 

possibly be explained by altered or non-specific symptomatology in an im-

munocompromised setting, there also were no differences in the frequency of 

virus detection in respiratory specimens obtained before and during neutrope-

nia and during episodes of neutropenic fever. Moreover, respiratory viruses that 

were present in specimens obtained before the onset of neutropenia seldom 

remained detectable in follow up specimens collected during neutropenia.  Vi-

rus quantity did also not differiantiate between patients with or without fever. 

These observations suggest that elaborate diagnostic screening for respiratory 

viruses before or during (febrile) neutropenia is not clinically useful. However 

it should be noted that the virus species detected in our samples were mostly 

species that are considered to be less pathogenic (e.g. RV, hBoV and hCoV). 

For example, Inf A was rarely found. The latter fact could partly be explained by 

an increased awareness and reinforcement of preventive measures during the 

threat of the newly appeared H1N1 influenza strain in 2009. 

 Considering the type of sampling, we observed that nasal swabs per-

formed better than throat swabs. To our knowledge, only a few studies have 

compared nasal swaps to other sampling techniques when testing for respira-

tory virus by PCR in adults, and none have been performed in adults with hema-

tological malignancies. These studies showed superior performance for nasal 
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swabs compared to pharyngeal swabs18,19, although, the use of two simultane-

ous techniques resulted in the highest yield of positive results. Our findings 

support the latter findings and suggest that the sole use of pharyngeal swabs 

should be avoided for viral detection in hematological patients. As shown in 

table 2, a complete set of nasal swab, pharyngeal swab and throat gurgle was 

not obtained for all patients, which could possibly introduce a bias when com-

paring sampling methods. However since every sample was obtained simulta-

neously with at least one other sample we think this bias is small.

 Although routine screening for respiratory is not warranted, in subject 

with respiratory symptoms viral testing is useful to determine the etiology for 

the complaints, the start of barrier precautions and the start of adequate treat-

ment in the case of influenza. In these patients testing of lower respiratory tract 

samples is favorable to upper respiratory samples21,22. Our study had the follow-

ing limitations; our study is performed in a relatively small study group and rep-

resents only limited time span. The circulation and the pathogenicity of viruses 

can differ from year, and therefore the findings in our study cannot be directly 

extrapolated to future viral respiratory seasons in other clinical settings. A sec-

ond limitations is that because of the rise of the new pandemic H1N1 in 2009, 

there was much more awareness for preventive measures around respiratory 

virus (i.e. hand hygiene on the ward and vaccination among staff and general 

population) which may have reduced the spread of influenza and other respira-

tory virus on our hematology ward.

 In conclusion, our prospective study does not support the hypothesis 

that respiratory viruses play an important role in the development of neutro-

penic fever, and thus screening for respiratory virus before or during neutrope-

nia is not useful.
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Table 1 
Patient Characteristics

Group A Group B Group C 

Number of neutropenic episodes N= 81 N= 46 N= 42

No individual Patients 66 41 38

Age (IQR5) 57 (49-64) 56 (38-64) 59 (50-65)

Sex female (%) 34 (42%) 14 (30%) 24 (57%)

Hematological Disorder:

   AML (%) 36 (44%) 17 (37%) 23 (55%)

   CML (%) 3 (4%) 1 (2%) 2 (5%)

   ALL (%) 8 (10%) 8 (17%) 1 (2%)

   CLL (%) 3 (4%) 3 (7%) 0

   HL (%) 2 (2%) 0 2 (5%)

   NHL (%) 11 (14%) 7 (15%) 4 (10%)

   MM (%) 14 (17%) 9 (18%) 7 (17%)

   Other (%) 4 (5%) 2 (4%) 3 (7%)

Treatment type:

   Chemotherapy (%) - 29 (63%) 29 (69%)

   AutoSCT (%) - 11 (24%) 12 (29%)

   AlloSCT r.i. (%) - 2 (4%) 1 (2%)

   AlloSCT m.a. (%) - 4 (9%) 1 (2%)

T cell reducing medicine (%) - 3 (6%) 3 (7%)

Explicit Mucositis (%) - 24 (52%) 25 (60%)

Duration of neutropenia at sampling (IQR5) - 6 (5-8) 8 (3-12)

COPD (%) 1 (1%) 1 (2%) 0

Smoking (%) 7 (9%) 4 (9%) 3 (7%)

URTS^ (%) 15/716 (21%) 6 (13%) 9 (24%)

LRTS# 0 0 1 (2%)

Pulmonary aberration’s on imagery  (%) - 2 (4%) 10/32$ (31%)

Probable Aspergillosis (%) - 0 3 (7%)

Positive Blood cultures  (%) - - 12@ (29%)
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Group A; Baseline population at onset of chemotherapy, Group B; Patients with deep neutro-

penia, without fever, Group C; Patients with deep neutropenia and fever . IQR = Inter quartile 

range, AML = Acute myeloid leukemia, CML= Chronic myeloid leukemia, ALL = Acute lympho-

blastic leukemia, CLL = Chronic lymphoblastic leukemia, HL= Hodgkin lymphoma, NHL= Non 

Hodgkin lymphoma. AutoSCT = Autologous stem cell transplantation, AlloSCT r.t. = Allogeneic 

stem cell transplantation reduced intensity, regimen, AlloSCT m.a.= Allogeneic stem cell trans-

plantation myeloablative regimen. RTS = respiratory tract symptoms. 

^URTS = Upper respiratory tract symptoms (i.e. rhinitis, sneezing, ear/nose congestions).

#LRTS = Lower respiratory tract symptoms (i.e.  dyspnea,  or coughing in combination with 

auscultation of the lung suggesting bronchitis/pneumonia, or coughing in combination with 

abnormalities on lung imagery, suspected for infection .

$Respiratory imaging was performed in 32 of the patients. 

@Eleven of 12 bloodcultures contained bacteria normally found on the skin (mainly coagu-

lase-negative staphylococcae); in most of the cases this was interpreted by the clinician as a 

possible central venous catheter infection. 
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Table 2
PCR results in relation to patient characteristics

Phase A
N= 71

Phase B
N= 46

Phase C
N= 42

Viral positivity (percentage) 10/71  (14%) 6 (13%) 8 (19%)

Viral positivity in persons:
   with URTS
   with LRTS

1/15 (7%)
0

1/6 (16%)
0

1/9 (11%)
1/1 (100%)

   without  RTS 9/56 (16%) 5/40 (13%) 6/32 (19%)

Viral positivity in persons:

   with  suspected imagery# - - 1/109 (10%)

   without  suspected imagery# - - 4/229 (18%)

Nasal swab Positive (%) 6/57 (11%) 5/35 (14%) 5/25 (20%)

Pharyngeal swab Positive  (%) 2/51 (4%) 2/33 (6%) 2/22 (9%)

Throat Gurgle Positive (%) 5/71 (7%) 4/42 (10%) 5/35(14%)

Frequencies of detect viral species$:

   RV 4 (6%) 1 (4%) 3 (7%)

   RSV 1 (1%) 1(4%) 0

   hMPV 0 0 1 (2%)

   hBoV 2 (3%) 0 2 (4%)

   PeV 1 0 0

   AdV 1 0 1 (2%)

   hCoV 1 2  (8%) 1 (2%)

   PIV2 0 2 0

   PIV3 0 1 (4%) 0

Median Cp-value& φ 35 (33-37) 36 (28-38) 35 (30-39)
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Phase A; Baseline population at onset of chemotherapy, notice that ten patients could not be 

sampled before the start of chemotherapy (N= 71), Phase B; Patients with deep neutropenia, 

without fever, Phase C; Prospective patients with deep neutropenia and fever. URTS = upper 

respiratory tract symptoms, LRTS=lower respiratory tract symptoms, RTS; respiratory tract 

symptoms, RV; rhinovirus, RSV; respiratory syncytial virus, hMPV; human metapneumovirus,  

HBoV; human bocavirus, PeV; parechovirus, AdV; adenovirus, hCoV; corona virus, PIV 2&3; pa-

ra-influenza virus 1,2,3,4. CP-value; crossing point value, IQR = inter quartile range.

# x-ray or CT-scan of the thorax

$The following viuses were not detected: Inf A/B; influenza viruses A and B, EV; enterovirus, 

para-influenza virus 1&4

&Differences between group A&B, group A&C and group B&C were not statistical significant 

(Mann-Whintney U test; P>0.05) 
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Abstract

Background: PCR has revolutionized the detection of respiratory viruses. The 

ability to interpret the clinical relevance of positive findings is lagging behind. 

Elaborate analysis of positive viral test results, stratifying for different condi-

tions, while taking bacterial pathogens into account, may help to interpret the 

clinical relevance of detected viral pathogens in a clinical setting.

Methods: In hospitalized children under 18 years old, semi-quantitative de-

tection of viral and bacterial respiratory pathogens in nasopharyngeal wash-

es (NW) was performed. In a subgroup of patients parallel sampling was per-

formed using nasal swab (NS) and a throat swab (TS). Results were correlated 

with demographic and clinical characteristics of the studied population. 

Results: A total of 227 patients were included.  Respiratory syncytial virus, rhino-

virus and influenza A virus were the 3 most commonly detected viruses, while 

S. pneumoniae and H. influenzae were the most frequently detected bacte-

ria. Young age was associated with high prevalence of both viral en bacterial 

pathogens. Bacterial pathogens were found significantly more frequently in the 

presence of RSV, which remained significant for S. pneumoniae after stratifica-

tion for age. When analyzing relative quantities of viral nucleic acids, a signifi-

cantly higher median viral load was observed in RSV-infected children in whom 

S. pneumoniae was not detected, compared to those with a S. pneumoniae 

co-infection (median Cp-values of respectively 23,6 [IQR 20.0-25,7] and 26,8 

[IQR 23.1-31.1], p=0.02). These results suggest that RSV disease requiring hos-

pitalization is elicited either by high RSV loads or by bacterial co-infection. The 

presence of one or more viruses, but not bacteria, was associated with severe 

disease. 

Conclusion: Our prospective study provides evidence that viral detection is re-

lated to severe disease in hospitalized children while bacterial detection is not, 

regardless of pathogen quantity.  RSV presence and quantity is correlated with 
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bacterial co-detection, suggesting that RSV disease requiring hospitalization is 

elicited either by high load RSV or by bacterial co-infection. 

Introduction 

The rapid development of molecular techniques during the last decades has 

revolutionized diagnostics of viral diseases, including respiratory viral infec-

tions. A multitude of respiratory viruses can currently be detected in single as-

says within a short timeframe of 1-2 hours. However, the ability to interpret the 

clinical relevance of detected viruses in individual patients seems to lag behind 

the technological ability to detect these. Issues that complicate interpretation 

of diagnostic results include the high sensitivity of PCR assays that allows de-

tection of minimal amounts of viral nucleic acids of which the clinical relevance 

may be disputable, the detection of multiple viral pathogens in individual pa-

tients and the detection of viral pathogens in substantial proportions of asymp-

tomatic children1. In addition, whereas viruses and bacteria may synergize to 

cause disease, common bacterial pathogens are often not included in routine 

molecular assays2,3. However, insights into the presence of bacterial pathogens 

may help to interpret the clinical relevance of detected viral pathogens and to 

guide treatment. 

 Diagnosing respiratory bacterial infection is notoriously difficult in 

young children, since classical microbiological techniques are unsatisfactory for 

several reasons. Firstly, reliable sputum samples can seldom be obtained. Sec-

ondly, the sensitivity of blood cultures is limited in young children due to the 

limited available blood volumes that can be collected. Thirdly, prior antibiotic 

use may result in false negative bacterial cultures of blood or sputum. Finally, 

pneumococcal urine antigen testing is neither sensitive nor specific in children 

with high loads of pneumococcal carriership4,5. Upper respiratory tract (URT) 

samples used for viral testing are considered not useful for bacterial culture 

since positive bacterial cultures at this site do not distinguish carriership from 

invasive infection. However recent studies suggest that quantitative molecular 
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diagnostics may differentiate between colonization and infection6,7. A potential 

additional value is that molecular detection of bacteria is less affected by prior 

antibiotic use than bacterial culture. 

 To assess the diagnostic utility of combined molecular detection of 

common viral and bacterial pathogens in the upper respiratory tract of children 

and to explore the possible interplay, we conducted a prospective study as-

sessing both viral and bacterial pathogens in nasal washes of 227 hospitalized 

children with acute respiratory tract infections (ARTI).

Methods:

Patient population and clinical specimens. 

This prospective cohort study in children was performed between November 

2008 and April 2010 at the Academic Medical Centre (AMC) in Amsterdam, 

which serves the local catchment area and acts as a tertiary referral center, 

and at the Amstelland hospital (AH) in Amstelveen, a non-academic hospital. 

Inclusion criteria were: age under 18 years and hospital admission with a clin-

ical suspicion of an ARTI, as defined by having at least one of the following 

symptoms or signs: rhinitis, cough, sore throat, influenza like illness, dyspnea or 

tachypnea, nasal flaring, recessions, inspiratory stridor, prolonged expiration, 

and abnormalities on auscultation or chest X-ray suggestive of an ARTI. Of 

all patients a nasal wash (NW) was taken at admission. NW’s were performed 

by administering two milliliter sterile physiological saline into the nose, and 

secretions were aspirated through a small suction catheter that was inserted 

through the nostril to a depth of 3 to 4 centimeters. The suction catheter was 

connected to a mucus trap and fitted to a vacuum source for suction. Saline 

was not applied when apparent mucus was dripping from one of the nostrils. 

In addition to NW samples, nasal (NS) and throat swabs (TS) were also collect-

ed in a subset of patients. Nasal swabs were collected by applying a flexible 

flocked swab (Copan, Italy) about three centimetres up into the other nostril 
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from which the NW sample was collected, which was rotated a few times be-

fore retreating it from the nose. The throat swab was collected by inserting a 

flocked swab against the oral pharynx followed by quick rotation of the swab. 

Both swabs were transported in viral transport medium (Universal Transport 

Medium, Copan, Italy). Samples were processed within 24 hours according to 

the manufacturer’s instructions and stored at -80˚C until further laboratory anal-

ysis. Results of bacterial sputum and blood cultures were retrieved from the 

clinical microbiology laboratory database. Collection of patient characteristics 

and clinical sampling was performed after obtaining written informed consent 

by one of the parents and from the patient if the child was 12 years or older. The 

ethical review board of the AMC approved of the study.

Virological and bacterial assays

Extraction of viral nucleic acids from 200 ul of the materials was performed by 

MagNA Pure (Roche Diagnostics, Penzberg, Germany) extraction using the to-

tal nucleic acid extraction kit (Roche Diagnostics, Penzberg, Germany). cDNA 

synthesis was performed as described earlier8. The multiplex PCR consists of 

four packages as previously described9,10. Viral targets detected were influenza 

viruses A and B (InfA and InfB), enterovirus (EV), adenovirus (AdV), respiratory 

syncytial viruses A and B (RSV), rhinoviruses A, B and C (RV), human metapneu-

movirus (hMPV), parainfluenza viruses 1,2,3 and 4 (PIV), parechovirus (PeV), hu-

man bocavirus (hBoV) and coronaviruses  HKU1, NL63, 229E and OC43 (hCoV). 

Equine arteritis virus (EAV) was used as internal control (IC) . 

The following bacterial targets were included: Streptococcus pneumonia (Sp-

neu), Haemophilus influenzae (Hin), Mycoplasma pneumoniae (Mpneu) and 

Chlamydophila pneumoniae (Cpneu). Details of DNA extraction, the sequenc-

es of the primers and probes or PCR cycling conditions are available upon 

request. 

 Crossing point (Cp) values were used to estimate differences in quan-

tities of respiratory viral and bacterial nucleic acids. The Cp-value reflects the 

cycle at which a positive PCR signal is detected: the lower the Cp-value the 
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more target DNA or RNA is present in the sample. The LC software obtains 

a Cp-value using the second derivative maximum of the amplification curve, 

which is more precise than crossing point algorithms with normalized, propor-

tional, arithmetic or no background adjustment11.

Assessment of the clinical severity:

Assessment of the clinical severity of illness was done by recording markers of 

severe illness adapted from the British Thoracic Society guidelines for the man-

agement of community acquired pneumonia in childhood12,13. The following 

markers were used: respiratory rate: >50/min if age: > 1 year or >70 if age < 1 

year, oxygen saturation ≤ 92%, recessions, nasal flaring, mechanical ventilation 

and temperature ≥ 38.5 ̊ C. Patients were divided into two groups: patients with 

no markers of severe illness and patients with one or more markers of severe 

illness. 

Statistics

Statistical analysis was performed using SPSS 21.0 (IBM, USA). Independent 

categorical variables were analyzed using a Chi-squared test or a Fisher exact 

test. Comparison of pathogen loads (as expressed by Cp values) was assessed 

using the Mann-Whitney U test. To adjust for possible confounders in anal-

yses between RSV load and bacterial presence, a logistic regression model 

was build. The dependent variable was median Cp-value of RSV, independent 

values were bacterial presence, age, use of antibiotics and days of symptoms 

before sampling. 
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Results

Patient characteristics

A total of 227 patients (217 patients at the AMC and 10 patients at the AH) were 

included in this study between November 2008 and April 2010. Patients’ char-

acteristics are displayed in table 1. Age showed a skewed distribution with a 

median age of 1.1 years (inter quartile range [IQR] 0.4 – 3.1). The most frequent 

reason for admission was wheezing illness (50%). Sixty-one percent of the chil-

dren had comorbidities. 

Detected pathogens and their interplay

Detected respiratory pathogens including relative quantities as measured by 

Cp values are shown in figure 1. At least one pathogen was detected in 90% 

(205/227) of the patients, including viral pathogens in 81% (184/227) and bac-

teria in 65% (147/227). RSV, RV and InfA were the 3 most commonly detected 

viruses, while Spneu and Hin were the most frequently detected bacterial path-

ogens (figure 1). Cpneu and PIV1 were not identified in any sample. In 67% 

(152/227), multiple pathogens were detected. Multiple viral pathogens were 

found in 20% (45/227) and multiple respiratory bacteria in 28% (65/227). A com-

bination of at least one virus with at least one bacterial species was found in 

56% (126/227) of the cases.

 In a subgroup of 53 patients, NS and TS specimens were collected in 

addition to NW samples and tested for viral (not bacterial) pathogens. The 

combined detection rate in all three specimens was 79% (42/53). NW showed 

the highest viral detection rate (75%, 40/53), followed by NS (68%, 37/53) and 

TS (37%, 20/53) specimens. Differences in detection rates between NW and TS 

and between NS and TS were statistically significant (both p< 0.001). Detection 

rate between NW and NS did not differ significantly. Distribution of viral spe-

cies did not differ between different sampling methods (data not shown). 
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In 62/227 (27%) of the included cases, a sputum specimen was collected for 

routine bacterial culture. Of these 20 showed a positive culture (6 patients with 

Spneu and 14 with Hin). Cp values for both Spneu and Hin were significantly 

higher (indicating lower bacterial loads) in culture-negative compared to cul-

ture-positive cases. However after stratification for use of antibiotics during 

sputum production no significant results were found in limited amount of sam-

ples (data not shown). Bloodcultures were performed in 30% (68/227) of pa-

tients of which only one became positive for a relevant bacterium (i.e. Spneu). 

The frequencies of concurrent PCR detection of bacteria were compared be-

tween children infected with RV, RSV, InfA, hBoV or hMPV, representing the five 

most prevalent viruses (table 2).  Bacterial pathogens were found significantly 

more frequently in the presence of RSV. This association persisted for pneu-

mococcal detection when analyzing specific bacterial species (table 2). When 

stratifying for age, the detection of Spneu was still significantly associated with 

the presence of RSV (table 3). Interestingly, when analyzing relative quantities 

of viral nucleic acids, a significantly higher median viral load was observed 

in RSV-infected children in whom bacteria were not detected, compared to 

RSV-positive children with evidence of bacterial co-infection (median Cp-val-

ues of respectively 23,6 [IQR 20.0-25,7] and 26,8 [IQR 23.1-31.1], p=0.02) (table 

4). These differences remained significant after stratification for median age 

(Figure 2), but lost statistical significance when analyzing individual bacterial 

species (Spneu, Hin). The influence of potential confounding factors, includ-

ing age, antibiotic use and symptom duration, was further analyzed by logistic 

regression (table 5). Bacterial presence and duration of symptoms were both 

independently correlated with RSV load (table 5). For other respiratory viruses, 

associations between viral quantities and presence or absence of bacteria were 

not observed (Table 4). Conversely, comparison of bacterial DNA loads in the 

presence or absence of specific viral pathogens showed associations between 

high pneumococcal loads and the presence of RSV and between low Hin loads 

and the presence of InfA or the absence of AdV. However, these associations 

disappeared when correcting for age (data not shown).
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Demographic and clinical correlations of detected pathogens.

The median age was significantly lower in children in whom a bacterial patho-

gen was detected compared to those without (1.0 years [IQR: 0.2-2.6] versus 1.6 

years [IQR 0.4-5.0], respectively; p=0.02). Similarly, bacterial DNA load correlat-

ed with age: Spneu DNA load was significantly higher in children younger than 

the median age of the study group, while a similar but non-significant trend 

was seen for Hin (table 6). Bacterial loads of Spneu and Hin were not correlated 

with the day of onset of symptoms or the use of antibiotics (table 6). 

 Albeit not statistically significant, a similar trend as for bacteria was ob-

served towards a correlation between age and detection of viral pathogens: 

median age in virus-positive children was 1.0 years [IQR: 0.3-2.7] versus 1.6 

years [IQR 0.3-7.0] in virus-negative children; p=0.07). When considering spe-

cific viral species, detection of RSV correlated significantly with age: median 

age for RSV positives was 0.5 years [IQR 1.1-12.0] compared to 1.6 years  [IQR 

0.4-4.6] for RSV negative children (p<0.001). The presence of 2 or more viral 

pathogens was also correlated with younger age: median age in patients with 

≥ 2 pathogens was 1.0 years [IQR 0.4-2.1], compared to 1.3 years [IQR 0.3-4.5] 

in patients with ≤1 pathogen (p=0.02). In contrast, InfA-infected children were 

older than InfA-negative children (5.0 years [IQR 1.1 -11.1] versus 1.0 years [IQR 

0.3-2.6], respectively, p<0.001). Correlations between age and viral load were 

not observed for any of the viral pathogens. Viral loads did not correlate with 

the number of days since symptom onset (data not shown), except for RSV (ta-

ble 5). Mere presence of RV was significantly more frequently detected in chil-

dren enrolled within 3 days after onset of symptoms, than those with a longer 

lasting symptoms [41% (48/116) versus 20% (22/111) respectively; p= 0,001]. 

 The presence of one or more viruses was associated with severe dis-

ease (table 7). When stratifying for age, this association persisted in children 

younger than the median age (data not shown). When analyzing specific viral 

species, a significant association with more severe disease was only observed 

for RV (table 7). However, no such association was observed for RV infections 

in the absence of concurrent other viral infections (data not shown). The pres-
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ence of bacteria  was not associated with severe disease (table 7), neither in the 

absence nor in the presence of specific viral pathogens. No correlations were 

observed between quantities of viral or bacterial species and severity of illness 

(data not shown). 

Discussion

Interpreting the clinical relevance in individual patients of respiratory viruses di-

agnosed by molecular assays remains challenging given the facts that multiple 

viruses often co-exist in single patients and that similar viruses can be detected 

in substantial proportions of asymptomatic individuals1. Considering the possi-

ble interplay between viruses and bacteria in causing disease during acute viral 

respiratory infection, insights into the presence of bacterial pathogens in the 

respiratory tract may help to interpret the clinical relevance of detected viral 

pathogens and to guide treatment. Therefore we conducted a large prospec-

tive study assessing both viral and bacterial pathogens by molecular methods 

in nasal washes of children hospitalized with ARTI.

 The prevalence and the distribution of the detected respiratory viruses 

in our study are similar to previous reported findings with RSV, RV and influenza 

being the most prevalent viral pathogens1,2. No association between viral load 

and illness severity was observed for any of the respiratory viruses detected 

in this study. However, severe disease was correlated with detection of one or 

more viral pathogens and not with bacterial pathogens. The latter observation 

is in accordance with previous studies19,21 and is not surprising given the fact 

that respiratory bacteria frequently colonize the respiratory tract in young chil-

dren without causing disease.  Reported prevalences of respiratory bacteria in 

upper respiratory tract samples of children as detected by PCR vary substan-

tially, ranging between 30 and 70% for Spneu and Hin, depending on factors 

like age, attendance on day care centre, socio-economic status and disease 

status15,16. For Spneu and Hin, prevalences in our study of hospitalized children 

with ARTI were 41% and 52% respectively. Similar to previous reports, bacterial 
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DNA loads were higher in children with positive sputum cultures than in those 

with negative cultures 6,7, suggesting that quantitative PCR of upper respiratory 

specimens might be useful for diagnosing bacterial infection. While it should 

be noted that the vast majority of children with negative sputum cultures re-

ceived antibiotics, no correlation was observed between bacterial DNA load 

and antibiotic use.    

 Besides age, an important predictor for detecting bacteria included the 

presence of RSV, which is underlined by experimental evidence of augment-

ed adhesion of bacterial pathogens to respiratory epithelium in the presence 

of RSV (25,26). RSV was more often detected in samples positive for bacterial 

DNA, especially for Spneu. Previous studies in RSV positive patients reported 

co-detection of Spneu in 20-80% of cases but did not identify RSV as an inde-

pendent risk factor for Spneu carriage19,20,21. Van den Bergh et al performed an 

elaborate study specifically looking at the interplay between respiratory viruses 

and bacteria22. While they did not identify RSV to be a specific risk factor for 

bacterial carriage, their study population studied consisted of healthy controls 

and RSV positivity rate was not high (25/986). Finding an association between 

RSV and pneumoccal detection in hospitalized children with ARTI but not in 

healthy children could implicate a synergistic effect of concurrent presence of 

these pathogens in causing disease. Indeed, Murdoch et al. found more in-

vasive Speu disease in young children infected with RSV than in RSV negative 

patients23. 

 Interestingly, high RSV load was associated with the absence of bac-

terial pathogens in young children, even after correction for important con-

founders. While this observation may seems counterintuitive in light of the ob-

served association between RSV detection and bacterial presence, one could 

speculate whether attachment of bacteria is hindered by a protective immune 

response elicited by high levels of RSV replication, or vice versa, whether the 

presence of bacteria hampers efficient replication of RSV. For example, TLR4 

plays an important role in defense against Spneu, Hin and RSV27,28,29. Moreover, 

a protective effect of viral infection on a subsequent infection with another 

respiratory virus has been shown in several studies30,31 while similar interactions 
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have been described for respiratory bacterial pathogens as well32,33.   

Although our observations require confirmation in further studies, it is tempt-

ing to speculate on the basis of our results that severe RSV disease requiring 

hospitalization is caused by either high levels of viral replication in the absence 

of bacterial pathogens, or by lower levels of RSV load in the presence of bacte-

rial colonization and subsequent co-infection. At any rate, our observation that 

bacterial presence seems to affect RSV load in upper respiratory tract speci-

mens has significant impact on studies addressing the role of viral load in clin-

ical respiratory disease. Up to now, studies on viral load of respiratory viruses, 

including RSV, in relation to clinical symptoms and disease severity have shown 

conflicting results31,34,35. While a limited number of studies have corrected for 

factors like age and days of sampling since illness onset35, no study to date has 

considered the presence of bacterial pathogens as an additional potential con-

founding factor. The presence of colonizing or co-infecting bacteria should be 

taken into account in future studies addressing the role of viral load in disease 

pathogenesis.

 Although the numbers of patients with RV and RSV infections were sim-

ilar, we did not observe a similar association between RV detection and the 

presence of bacterial pathogens, which may suggest differences in the patho-

genesis of severe disease between RSV and RV. While experimental evidence 

indicates that RV is associated with augmented adhesion of bacteria to epi-

thelia, similar to RSV, only sparse papers report interaction between RV and 

bacteria in clinical patients36. The fact that similar observations as for RSV were 

also not observed for any other respiratory viruses might in part be due to the 

limited number of positive specimens for these viruses, which represents a lim-

itation of our study. 

 In conclusion our prospective study in hospitalized children provides 

evidence that viral but not bacterial detection in the upper respiratory tract is 

related to severe disease, regardless of viral load.  RSV detection is associated 

with the presence of bacterial pathogens but high RSV loads are associated 

with an absence of bacterial pathogens, suggesting that suggesting that RSV 

disease requiring hospitalization is elicited by either high levels of viral rep-
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lication or bacterial co-infection. Future studies addressing viral load should 

consider the presence of bacterial pathogens in the upper respiratory tract. 
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Table 1
Patient characteristics (n=227)

 

Age in Years 1.1 (0.4-3.1)*

Female 79 (35%)

Reason for admission

•	 URT with dehydration     

•	 Laryngitis

•	 Wheezing illness

•	 Pneumonia

•	 Dyspnea not further classified

47 (21%)

5  (2%) 

113 (50%)

52 (23%)

10 (4%)

Days of hospitalization 6 (3-10)*

Day of symptoms before admission 3 (2-6)*

ICU admission 54 (24%)

Supplemental O2 117 (51%)

Tachypnoea 33 (15%)          

One or more severity criteria 193 (85%)

Previous prematurity 51 (23%)

Co-morbidity:

•	 None

•	 BPD

•	 Anatomical airway abnormalities

•	 Recurrent wheezing illness 

•	 Recurrent pneumonia

•	 Cardiovascular

•	 Neurological 

•	 Malignancy

•	 Other

88 (39%)

15 (7%)

18 (8%)

31 (13%)

30(13%)

24 (11%)

18 (8%)

11 (5%)

12 (5%)

Mortality (ARTI related) 1 (0.5%)

Mortality (ARTI unrelated) 2 (1%)
   

* Median and inter quartile range.
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Figure 1
Quantitative PCR results for viral and bacterial respiratory path-
ogens.

Figure 1
Quantitative PCR results for viral and bacterial respiratory pathogens. 

Figure1 Positive PCR findings are shown as quantitative results using Cp (Cross-

ing point) values. Bars represent median and inter quartile ranges. Pneu= Strep-

tococcus pneumoniae; Hin = Haemophilus influenzae; Chlam= Chlamydophila 

pneumoniae, Myco= Mycoplasma pneumoniae; AdV adenovirus; hBoV = hu-

man bocavirus; hCoV= human coronaviruses, EV = enterovirus, hMPV = human 

metapneumovirus; InfA/B = influenza A/B viruses; PIV= parainfluenza viruses 

1,2,3,4; PeV= parechovirus; RSV= Respiratory syncytial virus; RV= rhinovirus. 

Note that Chlamydophila pneumoniae and parainfluenza type 1 viruses were 

not detected in any of the samples.
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Table 2
Association between the presence of bacterial and 5 most prevalent viral 

pathogens 

Viral presence Bacterialpresence* (n=147) Spneu presence (n=94) Hinpresence (n=119)

RV (n=70) 0.27 0.977 0.342

RSV (n=63) 0.025 0.001# 0.458

InfA (n=25) 0.598 0.149 0.208

hBoV (n=18) 0.060 0.221 0.624

hMPV (N=15) 0.472 0.909 0.93

* In 67 of the 147 patients both Spneu and Hin were detected. The 3 posi-

tive mycoplasma samples are also included. In two of the mycoplasma-positive 

samples both Speu and Hin were also detected. 
# Remained significant after stratification for age (table 3).

RV= rhinovirus; RSV= Respiratory syncytial virus; InfA = influenza A viruses; 

hBoV= human bocavirus; hMPV = human metapneumovirus; Spneu= Strepto-

coccus pneumoniae; Hin = Haemophilus influenza

P-value’s were calculated using chi square test.
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Table 3
Correlation between the presence of RSV and Streptococcus pneumoniae  

stratified for age. 

RSV negative RSV positive Total

< median 
RSV age*

Relative
Risk
1.6
(1.1-2.4)v

Spneu-negative 30 14 44

Spneu-positive 14 18 32

Stratified Total 44 32 76

> median 
RSV age#

Relative
Risk
1.2
   (1.0-1.5)$

Spneu-negative 77 12 89

Spneu-positive 43 19 62

Stratified Total 120 31 151

 Total 164 63 227

*Under median age (i.e. 0.5 years [IQR 0.17-1.38]) for RSV positives. 
vRelative risk for the detection of RSV in this specific group of children with 

Spneu is 1.6  (95% CI 1.1-2.4). Chi square. p=0.033.
#Above median age for RSV positives. 
$Relative risk for the detection of RSV in this specific group of children with 

Spneu is 1.2  (95% CI 1.0-1.5). Chi square p=0.010 

RSV= Respiratory syncytial virus;  Spneu= Streptococcus pneumoniae.
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Table 4
Respiratory viral loads in absence and presence of bacterial pathogens 

Viral 
Load 
(ex-
pressed 
as 
Crossing 
point 
value)

Bacterialpresence*  (n=147) Spneu presence (n=94) Hin presence (n=119)

   +     -    +     -    +     -

Median
(IQR)

Median
(IQR) MWU# Median

(IQR)
Median
(IQR) MWU# Median

(IQR)
Median
(IQR) MWU#

RV
(n=70)

26.3
(24.3-
28.0

27.0 
(23.8-
30.2)

0.48
26.1 
(24.1-
27.8)

26.3 
(24.5-
29.7)

0.68
26.3 
(24.5-
28.1)

26.4 
(23.6-
29.8)

0.71

RSV
(n=63)

26.8
(23.1-
31.1)

23.6 
(20.0-
25.7)

0.02
26.6 
(22.5-
29.3)

24.7 
(21.7-
30.5)

0.42
26.7 
(23.1-
28.8)

24.1
(21.1-
31.2)

0.48

InfA
(n=25)

27.8 
(24.1-
30.6)

28.8
(24.1-
30.1)

0.78
28.2
(23.8-
31.7)

28.8 
(24.1-
30.1)

0.83
27.9 
(24.1-
31.3)

28.9 
(24.1-
29.9)

0.91

* In 67 of the 147 patients both Spneu and Hin were detected. The 3 posi-

tive mycoplasma samples are also included. In two of the mycoplasma-positive 

samples both Speu and Hin were also detected.  
# MWU= P-value by Mann Whitney U test. 

RV= rhinovirus; RSV= Respiratory syncytial virus; InfA = influenza A viruses; Sp-

neu= Streptococcus pneumoniae; Hin = Haemophilus influenzae.
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Table 5 
Associations between RSV load, bacteria pathogens, duration of symp-

toms and age by logistic regression 

        High RSV load (i.e. < median Cp-value*) O.R. 95% C.I. P-value

 Bacteria present 0.18 0.04 -    0.85 0.024#

 Admission within 3 day’sv of after onset of symptoms 6.40 1.83 - 22.33 0.004$

 Age (in years) 0.48 0.13 - 1.82 0.28

 Antibiotics on the day of sampling 0.46 0.12 - 1.71 0.25

* Median crossing point (Cp) value for RSV was 26.2 (IQR 22.5-29.6) 
#  Absence of a bacterial pathogens seems associated with high RSV loads (see 

also figure 2): children without bacteria had a 5.5 times (1/0.18) higher chance 

of having a higher than median RSV load. 
v Median duration of symptoms before admission was 3 days (range?).
$ Sampling early in disease gives 6.4 higher chance of having a higher than 

median RSV load.
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Figure 2. 
RSV load in the absence and presence of bacterial pathogens,.stratified 

for age. 

P-value’s were calculated by Mann Whitney U test

Cp = Crossing point
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Table 6
Bacterial DNA load in relation to clinical parameters

Spneu; Cp value Hin; Cp value

Age

 ≤1.1 Years† 29,0 (IQR 26,5-33,4)* 29.4 (26.3-32.4)#

 >1.1 years† 33,4 (IQR 27,8-37,6)*  31.1 (27,2-34,8)#

Antibiotic treatment

No 29.1 (IQR; 26.5-34.4)$ 30.3 (IQR; 27.0-32.7)v

Yes 31.9 (IQR; 27,7-37.5)$ 30.5 (IQR; 26.7-35.0)v

     Days since illness onset

≤ 3 day’s† 29,9 (IQR; 26,3-35.8)^ 30,5 (IQR; 26.4-33.3)¤

> 3 day’s† 31.9 (IQR; 27,8-37.1)^ 30.1 (IQR; 27.4-34.7)¤

†= median 

* P=0,04 Mann Whitney U test, # P=0,13 Mann Whitney U test, $ P=0,11 Mann 

Whitney U test
v P=0,72 Mann Whitney U test, ^P=0,26 Mann Whitney U test, ¤ P=0,76 Mann 

Whitney U test
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Table 7
Pathogen detection in relation to disease severity. 

No severity score ≥ 1 Severity score Total

Respiratory virus present

Relative
Risk
2.0
(1.1-3.9)*

No 11 32 43

One ore more 23 161 184

Total 34 193 227

RV present

Relative
Risk
2.6
(1.1-6.4)#

No 29 128 157

Yes 5 65 70

Total 34 193 227

Bacterialpathogens present
Relative
Risk
0.7
(0.4-1.2)$

No 11 69 80

One ore more 23 124 147

Total 34 193 227

* Chi Square P=0.03; RR risk for severe illness in when a virus is present is; 2.0 

(95% CI; 1.1-3.9) 
# Chi Square P=0.03; RR risk for severe illness in when a virus is present is; 2.6 

(95% CI; 1.1-6.4)

This association disappeared when stratifying for RV infection without concur-

rent other viral infection (data not shown).
$ Chi Square P=0.16
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Discussion

The development of PCR has dramatically improved the detection and conse-

quently changed our insights into the epidemiology of respiratory pathogens.  

However the implementation of PCR for the detection of respiratory pathogens 

was mainly technology-driven, providing clinicians with a large amount of PCR 

results without the necessary guidance in interpreting the clinical relevenance 

of test results. In the various chapters of this book we have depicted aspects 

of respiratory pathogen detection in various clinical settings and aimed to pro-

vide some practical advices for the interpretation of respiratory virus PCR test 

results, addressing bacteria as well in chapter 3 and 7. 

 In this final chapter the results of the previous chapters are summarized 

and discussed in the light of recent literature. We will conclude this chapter 

with perspectives on the interpretation of respiratory pathogen detetection in 

clinical settings.

8
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The development of PCR has dramatically improved the detection and conse-

quently changed our insights into the epidemiology of respiratory pathogens.  

However the implementation of PCR for the detection of respiratory pathogens 

was mainly technology-driven, providing clinicians with a large amount of PCR 

results without the necessary guidance in interpreting the clinical relevenance 

of test results. In the various chapters of this book we have depicted aspects 

of respiratory pathogen detection in various clinical settings and aimed to pro-

vide some practical advices for the interpretation of respiratory virus PCR test 

results, addressing bacteria as well in chapter 3 and 7. 

 In this final chapter the results of the previous chapters are summarized 

and discussed in the light of recent literature. We will conclude this chapter 

with perspectives on the interpretation of respiratory pathogen detetection in 

clinical settings.

Technical Considerations

PCR has set the new standard for viral diagnostics, showing higher sensitivity 

for classical viruses like RSV, InfA and AdV and adding a whole range of newly 

discovered (difficult to culture) viral pathogens, like hMPV, hBoV, CoV NL63, 

CoVHKU1, and RV type C . To optimize handling time and costs, individual 

PCRs are often combined in so called multiplex assays 1-3. As described in chap-

ters 1 and 2, one of the technical challenges was to combine multiple real-time 

PCR reactions for all these viruses in a comprehensive assay, without hamper-

ing the detection limits and relative quantities of individual viruses. Real-time 

PCR has two major advantages. First of all, nucleic acid amplification can di-

rectly be detected without any post PCR handling, therefore reducing the risk 

of cross-contamination and reducing hands-on time. Secondly, real-time PCR 

ensures easy semi-quantification of the amplified target, which makes it possi-

ble to study correlations between the amount of respiratory viruses detected 

and clinical disease severity. 
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 Most existing (commercial) multiplex assay’s can not perform quanti-

tative measurements, and few papers have described the quantitative perfor-

mance of their assay1,12. Two studies comparing quantitative measurement of 

monoplex and multiplex PCR (neither of which were real-time PCRs) showed 

conflicting results. Puppe et al. describe a mean loss of sensitivity of 1.3 log for 

the multiplex assay, while Ali et al showed similar performance of both assays 

except for infA27,28. A third study by Gunson et al. did use real-time PCR when 

comparing a duplex versus triplex real-time assays. They reported similar medi-

an Cp values for both test29. To the best of our knowledge the study described 

in chapter 2 is the first and single study comparing an extensive real-time mul-

tiplex PCR assay with its monoplex counterparts. Combining several primers 

and probes in a single PCR reaction might influence the performance of multi-

plex assays. However analysis of dynamic ranges and mixed input of plasmids, 

showed no loss of sensitivity. In prospectively collected clinical samples the 

multiplex PCR showed comparable sensitivity as the single-target PCRs. For 

InfA, CoV, PIV1, PIV2, PIV3, PIV 4, hMPV, AdV and PeV crossing-point (CP) values 

were almost indistinguishable for multiplex as compared to single-target as-

says. For RSV, RV and InfB the multiplex assay showed slightly lower Cp values 

in samples with low viral loads, which was probably caused by minor differenc-

es in amplification efficiencies in these samples. The most striking discrepan-

cies in clinical samples were seen for hBoV and EV. Variability in Cp values for 

hBoV seemed to represent a stochastic process around the detection limit for 

both multiplex and single-target assays. For EV samples with low viral loads 

(Cp>33) and co-infections with other viruses were not detected which might 

be explained by a relative lack of PCR efficiency of the multiplex assay, in this 

specific setting. Another explanation for the apparent reduced sensitivity of EV 

in the multiplex assay might be cross reactivity between EV and RV PCR  (i.e. 

a lack of specificity). Nevertheless, repeated in silico and in vivo validation did 

not show any cross-reactivity for these viruses in this assay.  

 RV and EV continuously evolve and new variants emerge by selective 

pressure4-7 Interestingly, one study shows that the RV genome already mutates 

significantly during the course of one infection 8. Therefore, merely selecting 
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primers and probes in conserved regions of the genome is not enough to 

maintain sensitivity.  Regular reassessment of recent viral sequences and ap-

propriateness of the primer and probe sets of all rapidly evolving RNA viruses 

is necessary to maintain good sensitivity and specificity. The latter requires con-

tinuous efforts and this is one of the reasons why some experts choose to use 

a “panenterorhino” assay using the most conserved regions for RV and EV, but 

not distinguishing between those viruses, which potentially reduces the chance 

of  missing divergent RV and EV viruses9,10.    

Despite the improved diagnostic possibilites of respiratory pathogens that PCR 

techniques have yielded, other parameters are also important for the accurate 

detection of pathogens. Important factors influencing detection by PCR are 

sampling methods and the nucleic acid extraction method used11-14. 

 Low levels of viral nucleic acid are difficult to extract from specimens 

with abundant human or bacterial material due to competition for the PCR 

reagents and the presence of mucous or other amplification inhibitors. We 

controlled for this problem by adding a robust internal control to our samples, 

monitoring both nucleic acid extraction efficiency and real-time PCR efficien-

cy15. Interestingly, a recent study shows that the quality of nucleic acid extraction 

using commercial extraction systems significantly differs for specific viral spe-

cies and influences extraction of other respiratory viral species  (e.g. optimal 

extraction of one respiratory virus species implies less sensitive extraction of 

other species)16. Obviously, the latter can not be controlled for using internal 

controls and shows that the method of extraction can be an explanation for 

heterogeneity in(quantitative) PCR results, between different laboratories.  

 Timing and location of sampling are also important. The detection of 

viruses like RSV and InfA rapidly decline upon  resolution of symptoms, while 

other viruses like e.g. HBoV can remain detectable. 17 

 Samples derived from the upper respiratory tract are generally regard-

ed as reliable for the diagnosis of viral acute lower respiratory infection1,12 , 

but may not be adequate for this purpose 18,19 In the case of upper respiratory 

sampling the exact location of sampling and the materials used for sampling 
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are also important. For example, as we describe in chapters 6 and 7, nasal 

swabs perform better than pharyngeal swabs, while nasal washes lead to better 

results than swabs and flocked swabs outperform cotton swabs20,21 Moreover, 

as described in chapter 6 and by other authors, sampling at two different loca-

tions gives an additional sensitivity of 10%-40% 22,23.

A general limitation of diagnostic molecular assays is the relatively limited 

spectrum of viruses that are included. Although (ours and other) multiplex as-

says do cover all known relevant respiratory viruses, it is obvious that emerging 

new viral variants, or new viral species remain undetected. Molecular tests can 

only be applied to new viruses once the viral genome is sequenced. Fortu-

nately, in the case of the SARS, H1N1 and MersCoV, genomes were sequenced 

within several weeks after discovery of the virus24-26  The recent introduction of 

next-generation sequencing techniques facilitates rapid sequencing of  emerg-

ing pathogen genomes. 

Epidemiology of respiratory pathogens as detected by 
molecular methods

After validation of our multiplex assay, the next step was to study the prevalence 

of respiratory pathogens in a clinical setting. In Chapter 3,4 and 7 we show that 

the frequency of virus species detected by our assay was comparable to other 

studies in children. In children admitted to the hospital with acute respiratory 

illness, RSV and RV were by far the most frequently detected viruses, followed 

by hBoV, AdV, hMPV, CoV and InfA17,30-34. Less frequently detected viruses were 

PIV 1,2,3,4, PeV, EV and, InfB. Most viruses were detected in combination with 

with other respiratory pathogens with the exception of RSV, RV and hMPV and 

Inf A/B. Most of the samples reported in these chapters were collected be-

tween November and April, which may have lead to an underestimation of the 

incidence of RV and PIV. 

 In non-clinically ill children we found strikingly high percentages of re-

spiratory viruses in respectively nasal washes (27% positive) and adenoid tissue 
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(80% positive) (Chapter 4,5). The most prevalent viruses in these asymptomatic 

cases were hBoV, RV, CoV and AdV. The latter was almost exclusively prevalent 

in adenoids. Multiple viruses were also frequently detected simultaneously in 

asymptomatic patients. Interestingly, the presence of RSV was low in asymp-

tomatic controls, compared to the high prevalence of RSV in samples from 

children hospitalized for acute respiratory tract infections (ARTI), indicating that 

RSV should be regarded as the causative pathogen when detected in a patient 

with respiratory symptoms.

 Viruses like RV, CoV and hBoV were the most prevalent in neutropenic 

adult patients (Chapter 6). In chapter 7 the dominating bacterial pathogens 

were S. pneumoniae and H. influenzae, which were detected in 41% and 52% 

of the tested children respectively.

Relationship between virus species and clinical character-
istics 

Similar to other studies, we observed a relation between age and prevalence 

of respiratory pathogens, as a higher percentage of viruses and bacteria was 

detected in the youngest age groups (chapter 3,4 and 7)32,35. In chapter 7, the 

large patient cohort had sufficient power to study specific correlations between 

age and pathogen type. For instance, RSV was significantly more frequently de-

tected in children younger than one, as compared to older children, wherease 

children with an InfA infection had a median age of 5 years. The observation of 

high prevalence of RSV in the very young is not remarkable since these are at 

risk for primary infection and RSV frequently causes bronchiolitis, which affects 

the smallest airways primarily (i.e. young children)17,36. The relative high age 

for children with influenza virus in our studies stands in contrast to previous 

findings37, but can be explained by a high vaccine coverage in children below 5 

years during the H1N1 pandemic38,39.                   

 As reported by others40,41, the type of viral species is correlated with 

the clinical symptoms. RSV was significantly associated with wheezing illness 
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(data not shown). RV is traditionally more associated with URTI than with lower 

respiratory tract disease. We did not find such correlation for RV in our cohorts, 

although the subpopulation of patients with URTI was rather small, making a 

reliable comparison less feasible. Moreover, the discovery of RV subtype C, 

which is also detected by our PCR, has changed our insights into the epidemi-

ology of RV infections, showing associations with RV infection and wheezing 

illness and other lower respiratory tract disease42,43. Even though these studies 

suggest that RV subtype C is more pathogenic than other RV types, a recent 

study shows that RV type A and C (but not type B) induce comparable clinical 

symptoms of lower respiratory tract disease44. Similar to other reports we did 

not find a specific relationship between other viral species and specific disease 

characteristics 13,34,35. 

 In chapter 7 we observed that, while the presence of any respiratory 

virus was correlated to severe disease, a relationship between specific viral 

species and disease severity was not found in any of the cohorts, which is in 

line with previous papers45-47. On the other hand, other studies did report that 

RSV infection is related to severe disease48-51, although the different study de-

signs hamper direct comparison. Similar conflicting data have been reported 

between viral detection and disease severity for RV, hBoV, PIV, hMPV, CoV  and 

InfA. For the latter two, variability between virus subtype in relation to  severe 

illness is well established.

Viral co-infection 

Viral co-infections were found in 31% (chapter 3), 26% (Chapter 4) and 24% 

(chapter 7) of the positive nasal washes from children admitted with an ARTI. In 

nasal washes of asymptomatic controls (Chapter 4) and adenoids of non-clin-

ically ill children, we detected multiple viruses in 12% and 71% of the posi-

tive samples respectively. The most frequently found co-infecting viruses were 

HBoV, CoV, AdV and EV. Similarly, in a German study HBoV, CoV, AdV and EV 

were most commonly involved in infections with multiple viral pathogens in chil-
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dren hospitalized for ARTI during the same time period17. In a recent Swedish 

study AdV, hBoV and RSV were the most frequently involded co-infecting viral 

pathogens. The frequent finding of DNA viruses like AdV and hBoV in co-infec-

tions and asymptomatic controls is in line with the persistence of these viruses 

in adenoids or other upper respiratory mucosal cells52,53.  AdV reactivation after 

latent presence is a well known phenomenon in children with severe and pro-

longed immune suppression54. For hBoV a similar mechanism is suggested1,55,56 

Prolonged asymptomatic shedding is also reported for RV and EV57.                                  

 The association of viral co-infection with disease severity has been 

discussed extensively previous studies. For example, Martin et al found that 

children with co-infection were significantly less affected in terms of ICU ad-

mission, oxygen requirement and length of hospital admission58, which was in 

concordance with our finding. In contrast to other studies, which report that 

patients with co-infections have more severe disease (desaturation, tachycar-

dia, tachypnea and fever) compared to single infections32,60. One possible ex-

planation for these contrasting findings could be that some combinations of 

virus species are more pathogenic than other. Indeed initial papers suggested 

that specific combination of hMPV and RSV was presumably associated with 

ICU admittance; however more elaborate studies refute such associations61-65. 

Up to now no specific combination of viruses is associated with severe disease 

or specific types of respiratory disease66-74. In conclusion there is no evidence 

that double infection is associated with more severe disease, irrespective of 

combination of virus species

Quantitation of respiratory viruses

In the previous paragraphs it was discussed that the mere detection of (mul-

tiple) viruses does not automatically imply a causal relationship between viral 

detection and disease. With the development of real-time PCR, quantitation 

of test results has become relatively easy. One of the major questions in this 

thesis is whether quantitation of PCR products contributes to the interpretation 
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of test results. Although exact quantitation is impossible due to large inter-pa-

tient variation in samples derived form the upper respiratory tract and the lack 

of a standardized denominator for quantitation, the current techniques allow 

for semi-quantitative quantitation (chapter 4). In this thesis, quantitation of res-

piratory pathogens was mainly expressed as Cp value, which was converted to 

copies/ml using standard curves of plasmid dilutions in chapter 4.  

 Regarding associations between viral load and clinical presentation it is 

important to differentiate between the mere presence of disease and the se-

verity of disease. In chapter 3 we addressed viral quantity in symptomatic cases 

and asymptomatic controls. In case of RSV we could hardly detect any viral 

copies in asymptomatic controls. For RV, InfA and CoV we detected significant 

higher loads in symptomatic patients than in controls. A sufficient number of 

single RV-positive samples allowed us to perform a ROC analysis, showing low 

specificity of clinically relevant positive PCR results in case of loads below 104.5 

cp/ml  (Cp value of 29), with a loss of correlation with clinical symptoms when a 

viral load below 103.4 cp/ml (Cp value of 31) was present. Few other studies have 

compared cohorts of symptomatic and asymptomatic controls using quantita-

tive PCR. To our knowledge the only study that reports viral loads in both cases 

and control groups is the study by Fuller et al31, which concluded that RSV load 

in hospitalized patients is significantly higher than in controls, while the reverse 

was observed for influenza. No differences were found for AdV, hMPV and PIV. 

Remarkably, two other studies did perform real-time PCR in cases and controls 

without mentioning the viral load of the tested groups32,77. 

  Several other studies compare viral quantitation in relation to clinical 

signs and symptoms. For example, Utokaparch et al showed an increased total 

viral load in children,  with LRTI in comparison with only upper respiratory tract 

symptoms, especially for viruses like RV and PIV2, 78. In addition, Gerna et al 

reported that an RV viral load above 106 copies/ml is associated with lower re-

spiratory tract infection in immune competent children79, but this could not be 

confirmed by two similar other studies80,81. Interestingly, Takeyama et al found 

that RV load predicts disease in children above 11 months, while this was not 

the case for younger children. This underscribes the importance of stratifying 
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for age when performing studies in children.

 In chapter 3, a possible correlation between hBoV load and disease 

severity was observed, however this could not be confirmed in a subsequent 

larger study (chapter 5). Yet for hBoV many studies have observed significant 

associations between viral load and symptoms51,82-85. In these studies, a high 

load was associated with acute infection while low viral load was correlated 

with asymptomatic shedding. Studies addressing the relationship between vi-

ral quantitaties of hBoV and disease severity (e.g. need for oxegen, ICU ad-

mittance) reported conflicting results 83,87-89.  However, very high viral loads (108 

copies/ml) have consistently been related to severe disease69. Some expert 

claim that that definite hBoV infection can only diagnosed by PCR on blood or 

by serology1, but the abundance of previously mentioned evidendece shows 

that hBoV load is correlated to hospitalistation and very high loads are predic-

tive for sever disease.

 In case of RSV we barely found any positive RSV samples in asymp-

tomatic patients (Chapter 4 and 5), indicating that detection of RSV in most 

cases is associated with clinical symptoms, independent of the viral load. Our 

data were confirmed by others90,91 although in one study RSV was detected in 

asymptomatic controls  (11%). However, this study showed significant differenc-

es in RSV load between the asymptomatic and symptomatic patient groups. 

Other studies that have addressed RSV load in relation to clinical severity show 

conflicting results. Numerous studies find a positive correlation between a high 

RSV load and disease severity90,91. For example, in a birth cohort of otherwise 

healthy infants, Houben et al reported that higher viral loads correlate with 

severe disease92. DeVincenzo et al also report clear correlations between RSV 

load and ICU admittance, respiratory failure and duration of hospitalization in 

young children without a previous history of chronic disease93. In contrast, Mar-

tin et al found that higher RSV loads in children were associated with decreased 

length of hospital admission, respiratory rate frequency and, strikingly, less pre-

scription of antibiotics94. Our data suggests that RSV load is not correlated with 

disease severity, which is in line with reports from Franz et al, who demonstrate 

that RSV load was correlated to a single infection but not to disease severity in 
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404 hospitalized children17. Wright et al also failed to find any correlation be-

tween RSV load and disease severity in children with and without bronchopul-

monary dysplasia, although in this study quantitative culture instead of PCR 

was used95. In adults with experimentally inoculated with RSV, higher RSV load 

resulted in increases in multiple different disease measurements (symptoms, 

physical examination, and amount of nasal mucus)96. In hospitalized adults viral 

load were higher than in non hospitalized adult, although these groups differ-

ent substantially in comorbidity97.  

 With regard to influenza there are also conflicting data on the relation-

ship between viral load and disease severity. As mentioned before, Fuller et 

al found higher influenza viral loads in less severe ill outpatient compared to 

hospitalized patients in Kenya. However outpatients were sampled 1 day ear-

lier than inpatients and InfA and InfB were not separated for analysis. Oth-

ers did not find a correlation between high H1N1 InfA load and more severe 

symptoms98,99. On the other side of spectrum, reports state that high loads of 

H1N1 influenza are correlated with hospital admission and with serious illness 

in specific subgroups in young children and the immune-compromised host, 

or patients referred to emergency departments100,101. Studies on other types 

of influenza viruses like H7N9 and H5N1 also postulate that the viral load as 

measured in the upper respiratory tract was correlated to disease severity102,103. 

De Jong et al concluded that pharyngeal viral load was not only related to se-

vere disease, but also to presence of influenza viral RNA in blood. Detection of 

respiratory viruses in a normal sterile compartment like blood does not seem 

to occur frequently, but when viral pathogens like InfA, RSV, RV, hBoV and CoV 

are detected in blood, this is significantly correlated to severe disease1,104-110 

 For other viruses than the ones mentioned above, only scarce data 

are available regarding relationships between load in upper respiratory tract 

samples and disease severity. For hMPV three studies have described positive 

associations between high viral load and more severe disease94,111,112. To our 

knowledge, only one study on PIV 1-4 has been published which showed sig-

nificant correlations between high viral loads and disease severity78.Two studies 

reported that adenovirus disease severity was not correlated with  viral load 
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17,82. For less prevalent respiratory viruses like PeV, EV, CoV (non SARS or MERS) 

no relevant studies have been reported addressing upper respiratory tract viral 

load and disease severity.

Clearly, numerous questions remain on the utility of measuring viral loads in 

upper respiratory tract samples for clinical interpretation of detected respira-

tory viruses. Testing patients longitudinally, to monitor the rise and fall of viral 

respiratory load, may give relevant information on the etiological role of de-

tected viruses 96,113,114. In chapter 3 we show that decrease in virus load after 

3-4 days is associated with clinical recovery in children admitted for an acute 

respiratory tract infection. This is confirmed by many other studies, showing 

that a drop in upper respiratory tract viral load occurs in parallel to the clear-

ance of clinical symptoms17,90,115,115. Franz et al postulate that decline in viral 

load can demonstrate the causal virus during co-infection17. They demonstrate 

that usually hBoV and to a lesser extent AdV and RV viral loads barely decline 

in the first week of infection.  For hBoV, many reports show that the virus can be 

detected for weeks or even months after the clearance of symptoms1,57. Jartti 

et al also showed long persistence or RV and EV57. The previous findings are in 

line with our results in chapters 3 and 5, where RV, AdV and hBoV were the 3 

most detected viruses in asymptomatic children. 

In summary, available reports covering viral respiratory load in upper respira-

tory tract samples in relation to disease severity show contradicting results. 

The conflicting results are likely due to the heterogeneity of the different study 

populations, the use of non-standardized methods of patient sampling, the 

usage of different PCR assays, differences in pathogenicity between species 

subtypes and the lack of well-validated definitions of disease severity, especial-

ly in children13. In case of validating respiratory disease severity in children, the 

WHO has designed “danger signs” for pneumococcal pneumonia116, while the 

British thoracic society has similar descriptions to differentiate between mild 

and severe respiratory disease in pneumonia117 We used the latter guideline 

because it was available and the most updated guideline at the time this thesis 
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was started118. However, several other study groups develop their own markers 

for severe disease, ranging form elevated CRP to respiratory failure and ICU 

admittance. 

Although virus load in upper respiratory tract samples cannot directly predict 

disease severity, it generally does differentiate between symptomatic and 

asymptomatic carriership, especially for viruses like RV, hBoV and CoV. Large 

case control studies should explore similar associations for less prevalent virus, 

most often found in asymptomatic patients. Ideally, laboratories validate their 

own cut-off levels for the assays used, describing sensitivity and specificity for 

different cut-off levels using ROC analysis (chapter 4). Moreover longitudinal 

sampling potentialy is a useful tool to explain persiting symtpoms and may 

differentiate between asymptomatic carriage and infection 96,113,114.The latter is 

clinically useful in patients with prolonged symptoms and severe immune sup-

pression107,119. RSV detection is associated with disease, independently of load 

and presence of InfA, RSV, RV, hBoV and CoV in blood is highly correlated to 

severe disease.

Respiratory viruses in patients with severe immune 
suppression.

In the previous paragraphs the studied populations generally were composed 

of immunocompetent children. High prevalence of viral pathogens during 

neutropenic fever is mostly reported in children with a suppressed immune 

system120,121. In chapter 6 we studied adult patients with hematological malig-

nancies, with severe immune suppression due to prolonged neutropenia. Clin-

ical management of these patients is challenging since symptoms are often 

non-specific and the infectious etiology is frequently unknown. 

Longitudinal sampling in our study did not support a prominent etiological role 

for respiratory viruses in the occurrence of neutropenic fever. Viral presence at 
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the onset of chemotherapy did not predict clinical symptoms and was not corre-

lated with viral detection during subsequent neutropenia. Therefore, elaborate 

diagnostic screening for respiratory viruses before or during (febrile) neutrope-

nia in adult patients was found not to be clinically useful. However it should be 

noted that the virus species detected in our samples were mostly species that 

are considered to be less pathogenic (e.g. RV, hBoV and CoV). For example, InfA 

was rarely found. This can partially be explained by an increased awareness and 

reinforcement of preventive measures, like vaccination,  during the threat of the 

newly characterized H1N1 influenza strain in 2009. In retrospect, we concluded 

that patients with neutropenia were probably equally susceptible to respiratory 

viral infections as immunocompetent patients since neutropenia does not di-

rectly affect the innate mucosal and adaptive immune responses 122. This is in 

contrast with patients with compromised T-cell function following  bone marrow 

or solid organ transplantation. In these patients it has been extensively report-

ed that they are more susceptible to -,  and less capable of clearing respiratory 

viruses 119,123,124. Moreover, viraemia and attributed mortality due to respiratory 

viruses is not infrequently seen in these patient categories106,107,125. In conclusion, 

screening for respiratory viruses during neutropenia appears not to be useful, 

yet respiratory viruses cause more severe disease in the post-transplant setting. 

Viral Bacterial Interactions

As mentioned in the introduction, viral and bacterial interaction in respiratory 

infections is a common phenomenon and their interaction can lead to progres-

sive disease by local damage of the respiratory epithelium, enhancement of 

bacterial receptor binding and hampering the immune response.  Remarkably, 

most studies on viral pathogens do not address concurrent bacterial pathogen 

detection which can be explained by the following two reasons. Firstly, diag-

nosis of bacterial respiratory infection is difficult in young children,as  reliable 

sputum samples are seldom produced, blood cultures are cumbersome to ob-

tain and urine antigen testing is not sensitive, nor specific, in children due to 
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co-existing pneumococcal carriership126,127. A second reason why detection of 

bacterial pathogen during viral infection is scarcely included in studies is that 

the presence of respiratory bacteria in upper respiratory specimens does  not 

distinguish bacterial infection from colonization. Nevertheless recent papers 

describe that quantitative PCR may help to differentiate between colonization 

and infection in upper respiratory tract samples128,128,129 .

 Therefore, in chapter 7 we conducted quantitative respiratory bacte-

rial PCR in addition to viral PCR testing in hospitalized children with a ARTI. 

Respiratory bacteria were less often recovered compared to viral pathogens, 

but were still detected in a large proportion of patients (S. pneumoniae 41% 

and H. influenzae 52%). Mycoplasma pneumoniae and Chlamydophila pneu-

moniae were rarely detected in our study, similar to most previous reported 

studies33,130. Yet certain papers do report high prevalences of the latter atypical 

bacteria, which is probably explained by periodic epidemics with these path-

ogens at 4–7 year intervals, and differences in sensitivity of detection proce-

dures131,132. Bacteria were more frequently detected in the younger age groups. 

Bacterial detection or viral-bacterial co-detection was not correlated to severity 

of disease. Moreover, a higher quantity of bacteria was also not correlated to 

disease severity, but high bacterial load was associated with young age. This 

is not surprising as asymptomatic bacterial carriage is reported in the young, 

while bacteria are cleared after maturation of the immune system. Looking iat 

viral-bacterial interactions, bacterial pathogens were found significantly more 

frequently in the presence of RSV. When addressing quantitive RSV results a 

significantly higher RSV load was observed in children in whom bacterial path-

ogens were not detected, compared to RSV-positive children with evidence of 

bacterial co-infection. This suggests that disease requiring hospitalization is 

either due to a high RSV load in the absence of colonization or infection with 

bacterial pathogens or due to bacterial co-infection with S. pneumoniae (at any 

RSV load). These results imply that one should be cautious when interpreting 

viral load test results in relation to clinical symptoms, since the clinical pres-

entation may be influenced by the presence of bacterial pathogens. 

 The number of published studies which looked at concurrent quantita-
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tive viral-bacterial PCR testing is still small. Esposito et al show that in selected 

subpopulations of children admitted with pneumonia, the detection of specif-

ic pneumococcal serotypes together with high RSV or RV loads is associated 

with alveolar infection129.  Others report similar data in children and also found 

that presence of viral pathogens in children was significantly associated with 

pneumococcal loads133,134. In adults, however, virus infection does not seem to 

influence bacterial load135,136. Obasi et al even found an inverse relationship, 

showing that viral presence is protective for bacterial colonization136. 

In summary, we found that bacterial and viral co-infections can influence each 

other in various ways. Future studies addressing pathogen load in relation to 

clinical disease should take these interactions into consideration. 

Considerations for future research

As technical developments evolve faster and faster nowadays (who would 

have guessed 10 years ago that world leader Nokia would be surpassed by the 

faster of technical developments of Samsung and Apple), detection systems 

for respiratory pathogens will evolve rapidly. This will lead to the detection of 

more (newly discovered) pathogens and specification of genotypes by using 

advanced techniques like (fluidic) microarrays or DNA chips137 and next genera-

tion sequencing techniques???. These will probably become available as point-

of-care testing in the future138. However, before these novel detection systems 

will be of use in optimizing patient care, studies on the interpretation of test 

results, in context to clinical disease, are needed. As yet, we have only made 

the first steps in the clinical interpretation of this abundance of test results and 

to gain more insight in the interpretation of molecular respiratory test results 

two issues are of utmost importance. 

Firstly, standardization of various methods is needed. Interpretation and pool-

ing of outcomes of different studies is difficult due to the lack of standardization 

of sampling methods, PCR methods and the definition of disease, or disease 
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severity12. It will be difficult to reach wide scale consensus on these matters. 

However starting with defining international units for semiquantitave loads 

and consequently making comparable international quality controls seems an 

inevitable first step. The development of more therapeutic options for viral 

pathogens will also positively push standardization processes, as thresholds for 

starting and stopping treatment will be evaluated. 

Secondly, as not only the pathogens play an key role in the pathogenesis of res-

piratory tract infections, the host responses to these various pathogens are of 

great importance.  Wit the recent technical advances that enable identification 

of new biomarkers we are at the dawn of a new era of respiratory diagnostics. 

Recent studies demonstrated that gene expression profiles can accurately dis-

criminate between host responses to bacterial and viral pathogens and even 

between various pathogens species139-143. 

 For example, Mejias et al conducted a prospective observational study 

in two different pediatric cohorts, showing that transcriptional profile of whole 

blood could discriminate RSV from RV or InfA infection with a specificity of 98%, 

while showing a sensitivity of 94%140. The use of host response profiles that re-

liably distinguish viral from bacterial infections, hence assisting with the clinical 

interpretation of detected pathogens, will have a major impact on the usage of 

antibiotics and rising bacterial resistance to these anti-microbial therapies141,142. 

These technical developments may further lead to a paradigm shift as etio-

logical diagnoses may potentially be performed without the need to detect 

the causative pathogen itself143. Nevertheless pathogen detection will remain 

essential, for example for susceptibility testing and to monitor the (molecular) 

epidemiology of respiratory viruses in a constantly changing world of patho-

gens. Moreover severe immunocompromised patients possibly show less relia-

ble response patterns to pathogens, due to their impaired immunesystem.   

In conclusion we have set the first steps in the interpretation of moleculair res-

piratory test results in various clinical settings. Future research should focus on 

standardization of the technical methods, and the clinical definitions used in 
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studies. Further studies are needed to further investigate the interaction be-

tween various host responses and pathogen recovery. 
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Summary of the Thesis

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

come countries and are the third cause of death worldwide. In up to 40 percent 

of the acute respiratory tract infections no pathogen is identified. The devel-

opment of PCR for respiratory pathogens showed promising results to narrow 

this diagnostic gab. In chapter 2 we describe the comprehensive validation 

of a four tube multiplex PCR detecting influenza viruses A and B, adenovirus, 

rhinovirus, coronavirus (4 genotypes: HKU1, NL63, 229E and OC43), respiratory 

syncytial virus (RSV), human metapneumovirus, enterovirus, parainfluenza virus 

1,2,3 and 4, parechovirus and human bocavirus. This is done by PCR comparing 

the multiplex assay to it’s single-target PCR’s counterparts using plasmid tar-

gets and prospectively collected nasopharyngeal aspirates. Analytical and clin-

ical validation showed high concordance for viruses tested except for patient 

samples with low levels of enterovirus that were co-infected with other viruses. 

 In chapter 3 we tested children less than 6 years of age, hospitalized 

on suspicion of acute respiratory disease. Nasal aspirates were performed and 

tested on 14 human respiratory viral pathogens. Patients were followed for 3 

to 7 days. Quantitation of test results were correlated with severity of disease 

using modified British Thoracic Society criteria of community acquired pneu-

monia in childhood. In 59 % of the children at least one virus was identified 

with respiratory syncytial virus (40%), rhinovirus (26%) and human bocavirus (19 

%) being the most frequently detected. A strong trend was observed towards 

correlation between clinical severity and the amount of human bocavirus DNA. 

In follow up samples, viral clearance was associated with clinical improvement 

after 3 days. However in some cases virus persisted after resolution of symp-

toms. This suggests that the detection of a viral RNA/DNA may not always 

reflect acute disease. Hence we performed a prospective case control study 

in asymptomatic and symptomatic young children in chapter 4. In this chapter 

nasal washes of 141 cases and 157 controls were tested for 14 viruses, com-

paring virus quantity in copies per milliliter. In 72 % of the cases and 28% of 

the controls at least one virus was identified. When stratified for age, at least 
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one virus was identified in 47% of the controls younger than 1 year old. Rhi-

novirus, coronavirus and human bocavirus, were frequently detected in both 

symptomatic and asymptomatic individuals. For rhinovirus, influenza a virus & 

coronavirus viral loads were significant higher in patients compared to controls.  

The amount of rhinovirus positives in both cases and controls allowed receiver 

operating characteristic analysis. This showed that cut off values (in our case 

104.5 copies/ml) for clinical relevance are feasible for rhinovirus. In contrast to 

rhinovirus, RSV was rarely detected in controls; suggesting that a positive RSV 

test result is almost always of clinical relevance, independent of viral quantity. 

 Since adenoids are known source of latent presence of adenovirus we 

wondered if adenoids could also harbor other respiratory virus in non-clinically 

ill children. Chapter 5 we retrospectively studies analyzed fifty-four adenoids 

from non-clinically ill children. When testing for fourteen viruses, eighty percent 

of the adenoids, tested positive for one or more viruses. Human bocavirus, rhi-

novirus, adenovirus & enterovirus were the most detected virus species. Stun-

ningly double infections were found in 71% of the positive samples.

  In chapter 6 immuncompromised adults were studied. During febrile 

neutropenia in only 30 to 60 percent an infectious agent is identified. Imple-

mentation broad range respiratory PCR, possibly gives more insight in the 

pathogens involving neutropenic fever. We performed a longitudinal prospec-

tive study in 81 neutropenic patients, before and during neutropenia. The per-

centage of viruses found, was similar between patients with and without fever. 

Moreover semi quantitative results did not show differences between patients 

with or without fever. We concluded that blind diagnostic screening for respira-

tory viruses before or during neutropenia is not useful. Comparing different 

sample types; nasal swabs performed significantly better  (16/117= 43%), than 

throat swabs (6/106 = 6%). Throat gurgles did not show significant differences 

from the latter sample types. 

 Studies assessing viral nucleic detection often omit the detection com-

mon bacterial pathogens. As a result they miss out on bacterial explanation of 

infection and neglect pathogenic synergy between viruses and bacteria. Diag-

nosing bacterial respiratory infection is difficult in young children; adequate 
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sampling for culture is difficult and urine antigen testing is unreliable. URT sam-

ples used for viral testing are classically considered to be not useful for bacte-

rial culture since colonization is hard to distinguish from pathogenic infection. 

However recent papers describe that quantitative molecular diagnostics can 

differentiate between colonization and infection. 

 In chapter 7 we addressed bacterial and viral detection in 227 prospec-

tively collected nasal washes of children admitted with ARTI. Bacterial patho-

gens, especially pneumococci, were found significantly more frequently in the 

presence of RSV. Analyzing relative quantities of viral nucleic acids, a signifi-

cantly higher median RSV load was observed in children in whom bacteria were 

not detected, compared to RSV-positive children with evidence of bacterial 

co-infection. We conclude that bacterial and viral co-infections influence each 

other in a qualitative and quantitative manner. Moreover these results suggest 

that RSV disease requiring hospitalization is elicited either by high RSV loads or 

by bacterial co-infection. 

 In chapter 8 the results of above studies are summarized and future 

perspectives are discussed addressing recent literature. 
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Nederlandse Samenvatting

Acute luchtweginfecties (ALWI) zijn de belangrijkste doodsoorzaak in ontwik-

kelingslanden. Ook in de westerse wereld dragen ALWI voor een belangrijk 

deel bij aan de mortaliteit en zijn de op 2 na belangrijkste doodsoorzaak. Bij 

ongeveer 40% van de patiënten met klachten van ALWI wordt geen duidelijke 

microbiologische oorzaak gevonden. De ontwikkeling en toepassing van nieu-

we detectiemethoden voor respiratoire ziekteverwekkers, zoals bijvoorbeeld 

polymerase chain reactions (‘PCR’), kunnen het vaststellen van ziekteverwek-

kers bij ALWI vergroten. Als gevolg van betere diagnostiek kan gerichtere be-

handeling worden ingesteld, wat uiteindelijk kan leiden tot minder morbidi-

teit en mortaliteit. In de studies die beschreven staan in dit proefschrift wordt 

veel gebruik gemaakt van de zogenaamde ‘multiplex’ PCR methode. Bij deze 

techniek kunnen meerdere PCR reacties voor verschillende ziekteverwekkers 

gelijktijdig plaatsvinden in één reageerbuisje. Het uitvoeren van een multi-

plex PCR is minder bewerkelijk  dan het uitvoeren van meerdere losse PCR’s. 

Daarnaast is het goedkoper doordat het naast werk ook reagentia bespaard. 

Een potentieel nadeel van de multiplex PCR is dat de gevoeligheid van de 

reactie minder goed is. In hoofdstuk 2 hebben we de multiplex PCR geval-

ideerd en gekeken in hoeverre deze techniek net zo goed was in het detecter-

en van respiratoire virussen als de ‘single’ uitgevoerde PCR’s . Dit hebben we 

gedaan door gebruik te maken van plasmiden (in het laboratorium gecreëerde 

monsters met kunstmatig stukjes virale DNA) en met neusspoelsels van 131 

opgenomen kinderen.  De volgende virussen kunnen worden gedetecteerd 

met onze multiplex PCR: influenzavirus A & B, adenovirus, rhinovirus, corona-

virus, respiratoir syncytieel virus (RSV), humaan metapneumovirus, enterovirus 

, para-influenzavirus 1,2,3 en 4, parechovirus en bocavirus. Bij de onderlinge 

vergelijking blijkt er een 100% overlap te bestaan tussen de uitkomsten van 

de plasmiden bij het gebruik van de multiplex en single PCR’s. De validatie op 

de klinische materialen (neusspoelsels) was eveneens zeer goed, aangezien 

de resultaten voor bijna alle virussen vergelijkbaar was. De enige uitzondering 
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betrof neusspoelsels, waarbij er naast zeer lage concentraties enterovirus, ook 

nog andere virussen in hetzelfde monster aanwezig waren, wat mogelijk de 

“efficiëntie” van de multiplex voor dit virus heeft beïnvloed.

In hoofdstuk 3 werden bij kinderen, opgenomen met een verdenking op acute 

luchtweg infectie, neuspoelsels afgenomen op dag 1 en zo mogelijk ook op 

dag 3 en 7 na opname.  Daarnaast werden klinische gegevens verzameld voor 

classificatie van de ziekte ernst. Bij 59% van de kinderen werd ten minste één 

virus geïdentificeerd. De meest voorkomende virussen waren RSV (40%), rhino-

virus (26%) en bocavirus (19%). Er bleek een relatie tussen ziekte ernst en de ho-

eveelheid gevonden bocavirus, welke echter niet statisch significant was. Voor 

de overige virussen werd de correlatie tussen de hoeveelheid virus en ziekte 

ernst niet aangetoond. Bij kinderen waar een vervolgmonster op dag 3 en/of 

dag 7 beschikbaar was, correleerde klinische verbetering wel met afname van 

de hoeveelheid virus. Alhoewel in sommige gevallen virus aantoonbaar bleef 

ondanks klinisch herstel. Dit suggereert dat virusdetectie met behulp van PCR 

niet altijd overeenkomt met de klinische presentatie. Om die reden verricht-

en we in hoofdstuk 4 een prospectieve “case-control” studie, waarbij zowel 

symptomatische als asymptomatische jonge kinderen werden getest. Om de 2 

groepen onderling zo goed mogelijk te kunnen vergelijken, werden kinderen 

van dezelfde leeftijdscategorie geselecteerd en in hetzelfde seizoen getest. 

Bij opgenomen kinderen werd in 72% van de gevallen een virus gedetecteerd 

terwijl dit bij 28% van de controles (asymptomatische kinderen) het geval was. 

In de controlegroep werd bij kinderen < 1 jaar zelfs in 47% van de gevallen 

een virus aangetoond. Rhinovirus, coronavirus en bocavirus, werden het vaakst 

aangetroffen in beide groepen. Bij opgenomen kinderen was de hoeveelheid 

rhinovirus, influenza A virus & coronavirus significant hoger dan in de contro-

legroep. Met behulp van een zogenaamde  R.O.C. curve-analyse werd voor 

rhinovirus bepaald, dat het meest optimale afkappunt, om infecties te ondersc-

heiden van asymptomatisch dragerschap, ligt bij 104,5 kopieën / ml. Opvallend 

genoeg werd RSV zelden waargenomen in de controlegroep; hetgeen sugger-

eert dat een positieve RSV uitslag, ongeacht de hoeveelheid virus, vrijwel altijd 
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duidt op een actuele infectie. 

Neusamandelen zijn een bekende bron van latente (asymptomatische) aan-

wezigheid van adenovirus en epstein-barr virus (EBV). Over de aanwezigheid 

van eventuele andere (respiratoire) virussen is weinig bekend. In hoofdstuk 5 

hebben we retrospectief onderzoek gedaan naar de aanwezigheid van 14 

respiratoire virussen in de neusamandelen van kinderen zonder acute ziekte-

verschijnselen. Interessant genoeg bleek 80% van de neusamandelen positief 

voor de aanwezigheid van virus. Naast adenovirus, hebben we ook bocavirus, 

rhinovirus en enterovirus het vaakst gedetecteerd. In 71% van de neusamande-

len werden zelfs meerdere virussen aangetoond.

In hoofdstuk 6 hebben we onderzoek gedaan bij volwassenen met een er-

nstige afweerstoornis (neutropenie) na behandeling met chemotherapie in 

geval van acute leukemie. Deze patiëntencategorie ontwikkelt gedurende de 

neutropene fase vaak koorts. Vanwege de verdenking op een onderliggende 

infectie wordt in deze gevallen onderzoek gedaan naar een microbiologische 

oorzaak. Echter, in 30 tot 60% van de gevallen wordt geen micro-organisme 

aangetoond. Onze hypothese was dat het gebruik van een multiplex PCR, de 

opsporing van een virus in deze patiëntencategorie, met klachten van een 

luchtweginfectie, kan verbeteren. Om die reden verrichten wij een longitudi-

nale, prospectieve studie bij 81 patiënten en namen monsters af zowel voor als 

tijdens hun neutropene fase. Het percentage gevonden virussen was vergeli-

jkbaar tussen patiënten met en zonder koorts en de relatieve hoeveelheid vi-

rus toonde ook geen verschillen. Onze conclusie is dat het blind screenen op 

respiratoire virussen in deze patiëntencategorie niet zinvol is. Na onderlinge 

vergelijking bleek dat met behulp van een nasale uitstrijk meer virussen werden 

gedetecteerd dan met een keeluitstrijk. 

 De meeste onderzoeksgroepen die de PCR als detectiemethode bij respira-

toire virussen beschrijven, houden bij hun onderzoek en interpretatie geen rek-

ening met de aan- of afwezigheid van respiratoire bacteriën. Hierdoor wordt 

een eventuele bacteriële oorzaak voor ALWI gemist en bovendien worden de 
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viraal-bacteriële interacties genegeerd. De diagnostiek van bacteriële lucht-

weginfectie bij jonge kinderen is om verschillende redenen moeilijk. Allereerst, 

is het verkrijgen van goede monsters voor een kweek lastig en zijn de mind-

er belastende, urine antigeen testen, onbetrouwbaar. Daarnaast werden tot 

voor kort, neusspoelsel die gebruikt worden voor virusdetectie, niet bruikbaar 

geacht voor bacteriële diagnostiek, omdat infectie moeilijk te onderscheiden 

zou zijn van asymptomatische kolonisatie.  Echter, recente studies laten zien 

dat met behulp van semi-kwantitatieve moleculaire bepalingen, onderscheid 

kan worden gemaakt tussen kolonisatie en infectie. In hoofdstuk 7 bestuderen 

we daarom zowel bacteriële als virale diagnostiek met behulp van PCR bij 227 

kinderen opgenomen met luchtweg klachten. Opvallenderwijs, worden res-

piratoire bacteriën, in het bijzonder pneumococcen, significant vaker aange-

toond in de aanwezigheid van RSV. Er lijkt ook sprake te zijn van een viraal-bac-

teriële interactie aangezien de hoeveelheid RSV bij kinderen zonder bacteriële 

ziekteverwekkers significant hoger ligt dan bij kinderen waarbij ook sprake is 

van een bacteriële co-infectie. Concluderend, kunnen we zeggen dat bacte-

riële en virale co-infecties elkaar beïnvloeden op zowel een kwalitatieve als een 

kwantitatieve manier. Bovendien suggereren deze resultaten dat de ernst van 

de ziekteverschijnselen uitgelokt wordt door de aanwezigheid van een ernstige 

RSV infectie met grote hoeveelheden RSV dan wel door lage hoeveelheid RSV 

in combinatie met een bacteriële ziekteverwekker. 

In hoofdstuk 8 zijn de resultaten van bovenstaande studies kort samengevat 

en bespreken we ons toekomstperspectief op het gebied van pathogeen de-

tectie bij acute luchtweginfecties.
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motietraject concreet. Je bent een wetenschapper ‘pur sang’ en straalt een 

aanstekelijke passie uit voor wetenschap. Je hebt zowel overzicht als gevoel 

voor detail. Je gaf waardevolle aanvullingen bij de opzet van lopende stud-

ies en de analyse van de resultaten. Jouw revisies van diverse hoofdstukken 

hebben de leesbaarheid, de boodschap en daarmee de essentie van dit man-

uscript enorm verbeterd. Ontzettend bedankt daarvoor. In je kamer hangt de 

quote “I love deadlines. I love the whooshing noise they make as they go by”, 
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geschreven door Douglas Adams (ook bekend van “reality is frequently inac-

curate”). Dit geeft  blijk van goed zelfinzicht, want ik heb in de afgelopen jaren 

gemerkt dat deze stelling jou op het lijf geschreven is. 

Microbiologisch laboratorium  van het AMC

Richard Molenkamp jij bent, deels in samenwerking met Marcel Beld, ‘de vad-

er’ van de multiplex PCR assay. Jij deed vele in silico analyses en jouw technisch 

inzicht in primer en probe ontwikkeling is ongeëvenaard. Verder nam je on-

danks jouw drukke werkzaamheden altijd de tijd om mij de technische details 

uit te leggen. Als Richard de vader was, dan is Sylvie Koekkoek zonder twijfel 

‘de moeder’. Sylvie, als analist heb je het grootse deel van de virale bepalingen 

gedaan. Dankzij jouw kritische blik en inzet werden de primers in rap tempo 

geoptimaliseerd, waarvoor dank. Daarnaast voorzag je me van geweldige se-

ries zoals ‘The Wire’ en ‘Dexter’, een welkome afwisseling naast het geSPSS 

en schrijfwerk.  Bob de Wever, Henrike Wendt-Knol, Jolanda & Ageeth dank 

voor jullie prettige samenwerking bij het bepalen van de respiratoire bacteriën. 

Alle analisten van het virus kweek lab, Hetty, Pien, Gerrit en Karin dank voor 

het invoeren en verwerken van de grote hoeveelheden luchtweg materialen. 

Jos Karlas dank voor je organisatie talent rondom een aantal nabepalingen. 

Frits Schöler dank voor je grappen, ICT ondersteuning en je snelle respons 

tijd als ik weer eens een query voor je had. Alle overige medewerkers van de 

moleculaire biologie, virologie en bacteriologie dank voor de gezelligheid en 

ondersteuning bij het verwerken van materialen. 

Medewerkers van de afdeling kindergeneeskunde Amstelland ziekenhuis

Dank voor het meedenken en verzamelen van “snotjes” op jullie afdeling.

Medewerkers van de afdeling hematologie F6 zuid

Dank voor het afnemen van monsters bij jullie zelf! Helaas hebben deze data, 

vanwege een lage virale opbrengst, dit proefschrift niet gehaald. Desalniet-

temin is het goed om te weten dat medewerkers in het algemeen geen belan-

grijke bron vormen voor respiratoire virussen.
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Voormalig AIOS microbiologie Caspar, Karin, Masja, Marion, Ivar en Ali

Jullie waren altijd uitermate flexibel op de momenten dat ik onze kamer weer 

eens vol had gebouwd met respiratoire pakketjes. Daarnaast waren jullie een 

grote steun in geval van falende computers en SPSS calamiteiten. Ik denk met 

veel plezier terug aan onze gezamenlijke etentjes bij een van ons thuis. In het 

bijzonder de kookkunsten van Caspar. 

Studenten wetenschappelijk stage Marjolein, Joost, Wendy,  Erik en Joanne.

Dank voor jullie hulp bij het includeren van patiënten, het verzamelen van kli-

nische gegevens en afnemen van “snotjes”. Joanne jouw gedrevenheid werkt 

aanstekelijk. Ik  hoop dat je wens om kinderarts te worden, realiteit is geworden. 

Anke en Elzelien (en natuurlijk Leendert)

Dank voor het gezellige, en nagenoeg zorgeloze gezinsleven ondanks het 

(deels) ontbreken van Gijs. Jullie hebben altijd voor mij klaar gestaan: jullie 

loyaliteit, interesse en eerlijkheid waardeer ik enorm. En niet alleen ik, ook 

Noah en Esra genieten enorm van jullie aanwezigheid!

Opa Dirk en wijlen oma Zwaantje

Dank voor alle steun in mijn jeugd. Op vrijdag was er altijd één van jullie twee. 

De begeleiding tijdens schaken en de gezellige uitjes tijdens de vakanties heb-

ben mij mede gevormd.  

Ami, Ina, Naomi, Merijn, Fabian en Anne

Jullie zijn geweldige schoonfamilie! Dank voor jullie interesse rondom de 

voortgang van het proefschrift en de gezellige activiteiten ter afleiding en ont-

spanning. Noah en Esra zijn dol op jullie en het is mooi om te zien hoe hecht 

hun onderlinge band is met hun neefjes en nichtjes. Merijn, dank voor het ed-

iten van dit boekje….. Je hebt een mooi staaltje werk afgeleverd!

 De M.A.L.
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Mannen, ik heb jullie verwaarloosd! Een proefschrift schrijven naast een full-

time baan en 2 jonge kinderen, is dodelijk voor een goede “lounge”.   Deso-

ndanks zijn de negen levens van de M.AL. nog lang niet verspild (er komt er zelf 

binnenkort weer een bij) vanaf nu hoop ik er weer vaker bij te zijn. 

Paranimfen Elzelien en Caspar.

Dank dat jullie mij geestelijk en fysiek ondersteunen op 9 december. Mijn ver-

trouwen in jullie is onbegrensd!

Sarah.

Liefste. We zijn nu alweer bijna 10 jaar samen. Time flies when you are having 

fun.Noah en Esra kwamen op de proppen en tussen de verhuizingen door, 

bedachten wij dat het afronden van onze promotietrajecten ook wel een goed 

idee zou zijn. Het waren tropenjaren! Het grootste gedeelte van het werk aan 

de proefschriften hebben we tegelijkertijd gedaan, in plaats van lepeltje-lep-

eltje was het vaak laptopje-laptopje. Je was een grote steun voor mij in die 

periode. In het begin introduceerde je mij in GraphPad Prism en later bleef 

jij mij motiveren om door te gaan. Tot slot, heb je wezenlijk bijgedragen aan 

dit manuscript door mijn inleiding & discussie te redigeren. Super bedankt! 

Aangezien Noah en Esra inmiddels een avondje oppas best kunnen waarder-

en, zal ik ervoor zorgen dat wij weer vaker leuke dingen samen gaan doen.  

Samen oud en grijs worden gaan we doen, maar dan zonder ondersteuning 

van de ‘MacBookPro’. 

Noah Amar en Esra Mirte

Mijn twee engeltjes. Twee stoere zussen van 3 en 5 , die net zo serieus & fa-

natiek zijn als hun ouders. Blijf zo lang mogelijk kind, en laten we nog heel veel 

samen spelen!
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Curriculum Vitae

Personalia :

Naam   Rogier R. Jansen

Adres   S. Stevinstraat 23hs

   1097 BX Amsterdam

Geboren  29 april 1977 te Amsterdam

Telefoon  06-24942367

Burgerlijke Staat Gehuwd (met Sarah, mijn prachtige vrouw), 2 dochters  

   (Noah en Esra, mijn twee engeltjes)

Opleiding :

1989-1996 VWO-diploma aan het Montessori Lyceum te Amsterdam

1996-1997 Eerste jaar geneeskunde aan de Rijks Universiteit te Antwerpen, België

1997-1998 Propedeuse Geneeskunde aan de Universiteit van Amsterdam 

1998-2001 Doctoraal Geneeskunde aan de Universiteit van Amsterdam

2000-2001 Neurobiologisch onderzoek aan universiteit van Uppsala, Zweden

2001-2003 Coschappen + Artsdiploma behaald aan de Universiteit van Amsterdam

2003-2004 Arts in opleiding tot Neuroloog (LUMC)

2004-2010 Medische specialisatie tot arts-microbioloog (AMC)
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Werkervaring:

1997-1999  Diverse betrekkingen als student bij de UvA (mentor bij 

  aansluitingsproject VWO-UvA, assistent bij “Ferrari project” 

  voor 1e jaars studenten)

1998-2003 Verzorgende C bij Amsterdam Thuiszorg

2001-2003 Co-schappen (o.a. in Calcutta India via IFMSA) 

2003-2004 Arts in opleiding tot neuroloog in het LUMC te Leiden

2004-2010 Arts in opleiding tot medisch microbioloog 

2010-2011 Arts microbioloog Slotervaart ziekenhuis & Antoni van 

  Leeuwenhoek ziekenhuis (voorzitter antibiotica commissie en 

  voorzitter infectie preventie commissie)

2011-heden Arts microbioloog Onze Lieve Vrouwen Gasthuis & MC-Zuider-

  zee te Lelystad (voorzitter antibiotica commissie en voorzitter 

  infectie preventie commissie)

Publicaties: 

Febrile neutropenia: significance of elaborated screening for respiratory virus-

es, and the comparison of different sampling methods, in neutropenic patients 

with hematological malignancies.

Jansen RR, Biemond BJ, Schinkel J, Koekkoek SM, Molenkamp R, de Jong MD, 

Visser CE. Virol J. 2013 Jun 27;10:212. 

Hookworm with hypereosinophilia: atypical presentation of a typical disease.

Verboeket SO, van den Berk GE, Arends JE, van Dam AP, Peringa J, Jansen RR.

J Travel Med. 2013 Jul-Aug;20(4):265-7

Development and evaluation of a four-tube real time multiplex PCR assay cov-

ering fourteen respiratory viruses, and comparison to its corresponding single 

target counterparts.

Jansen RR, Schinkel J, Koekkoek S, Pajkrt D, Beld M, de Jong MD, Molenkamp R.
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J Clin Virol. 2011 Jul;51(3):179-85.

Frequent detection of respiratory viruses without symptoms: toward defining 

clinically relevant cutoff values.

Jansen RR, Wieringa J, Koekkoek SM, Visser CE, Pajkrt D, Molenkamp R, de 

Jong MD, Schinkel J. J Clin Microbiol. 2011 Jul;49(7):2631-6. 

Molecular epidemiology and evolution of human respiratory syncytial virus and 

human metapneumovirus. Gaunt ER, Jansen RR, Poovorawan Y, Templeton KE, 

Toms GL, Simmonds P.

PLoS One. 2011 Mar 1;6(3):e17427. 

Quantitation of respiratory viruses in relation to clinical course in children with 

acute respiratory tract infections.

Jansen RR, Schinkel J, Dek I, Koekkoek SM, Visser CE, de Jong MD, Molen-

kamp R, Pajkrt D. Pediatr Infect Dis J. 2010 Jan;29(1):82-4. 

Azole-resistant central nervous system aspergillosis.

van der Linden JW, Jansen RR, Bresters D, Visser CE, Geerlings SE, Kuijper EJ, 

Melchers WJ, Verweij PE. Clin Infect Dis. 2009 Apr 15;48(8):1111-3. 

Hobby’s: 
 

Spelen met dochters; Noah en Esra, Hardlopen, Vechtsport (o.a. 1e dan karate) 
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