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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 

proefschift-rjansen-1-0 20141026 rj.indd   137 27-10-2014   19:22:10



138

Chapter 7

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-

proefschift-rjansen-1-0 20141026 rj.indd   138 27-10-2014   19:22:10



139

Combined molecular detection of RSV and bacterial pathogens in hospitalized children reveals associations between both.

7

C
hap

ter

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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