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Chapter 8

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.
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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 

proefschift-rjansen-1-0 20141026 rj.indd   164 27-10-2014   19:22:12



165

Discussion

8

C
hap

ter

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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