
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Molecular detection of respiratory pathogens: Towards clinical interpretation

Jansen, R.R.

Publication date
2014
Document Version
Final published version

Link to publication

Citation for published version (APA):
Jansen, R. R. (2014). Molecular detection of respiratory pathogens: Towards clinical
interpretation. [Thesis, fully internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/molecular-detection-of-respiratory-pathogens-towards-clinical-interpretation(8e26712c-c49d-4513-8d68-29fbadc79a62).html


59

Chapter 3
    

Quantitation of respiratory viruses in relation to clinical course 
in children with acute respiratory tract infections

Rogier R. Jansen*, Janke Schinkel*, Irene Dek*, Richard Molenkamp*, Sylvie M. 

Koekkoek*, Caroline E.  Visser*, Menno D, de Jong*, Dasja Pajkrt§.

* The Department of Medical Microbiology, and §the Department of Pediatrics, 

Academical Medical Centre, University of Amsterdam, Amsterdam, the Neth-

erlands.

Adapted from; Pediatr Infect Dis J. 2010 Jan;29(1):82-4

3

proefschift-rjansen-1-0 20141026 rj.indd   59 27-10-2014   19:22:03



60

Chapter 3

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]).

proefschift-rjansen-1-0 20141026 rj.indd   71 27-10-2014   19:22:03



72

Chapter 3

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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