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Abstract

The introduction of molecular techniques has dramatically improved the de-

tection of respiratory viruses in children with acute respiratory diseases. Yet 

interpretation of results remains difficult, as positive tests are also frequently 

recovered form children without overt respiratory disease. A possible expla-

nation for this phenomenon could be viral persistence in adenoid tissue.  To 

further investigate this hypothesis, we analyzed fifty-four tissue samples after 

elective adenoidectomy, from non-clinically ill children. Surprisingly, 80% of the 

adenoids were positive for one or more viruses, whereby human bocavirus, ad-

enovirus and picornaviridae were detected most frequently. We suggest that 

adenoid tissue can play an important role in asymptomatic viral persistence. 

Introduction

The introduction of molecular techniques has contributed significantly to the 

sensitivity virus detection in children with symptoms of viral respiratory disease. 

However interpretation of positive test results remains difficult, as positive PCR 

results are also recovered form asymptomatic children1 . 

 For DNA viruses like Epstein Barr virus and adenovirus (AdV), adenoids 

are a known source for persistent viral shedding2,3. Moreover, reactivation of 

AdV from mucosa-associated lymphoid tissue is increasingly recognized as a 

severe problem in children with hematological malignancies4,5. We investigat-

ed whether other respiratory viruses are  present in adenoids of non-acutely ill 

young children.
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Methods

Adenoid tissue was obtained from 54 children. These children underwent elec-

tive adenoidectomy because of a history of upper airway obstruction compli-

cated by recurrent otitis media, or obstructive sleep apnea. At the time of ade-

noidectomy they were non-acutely ill, meaning that these children did not have 

fever or symptoms of an acute upper respiratory tract infection. All patients 

were treated at the Academic Medical Center, in Amsterdam, the Netherlands. 

The study period lasted from November 2007 until March 2008 with an average 

inclusion of 10 patients per month. Mean patient age was 3.2 years (IQR [inter 

quartile range] =1.9-4.3); 56% were male and 44% female. After collection, the 

samples were processed anonymously. The study protocol was in concordance 

with the code for proper secondary use of human tissue of the Dutch federa-

tion of medical research associations and the local AMC research code.

 Tissue was stored immediately upon removal at -20 ˚C in RNAlater (Am-

bion, Bleiswijk, the Netherlands). Prior to analysis the RNAlater was removed 

and the tissue was washed with sterile PBS. Subsequently, total nucleic acid 

isolation was performed by pretreatment with 1 mg/mL proteinase K at 56˚C, 

followed by MagnaPure isolation using the Total Nucleic Acid extraction kit 

(Roche applied science, Penzberg, Germany). cDNA synthesis was performed 

as described before6. Detection of human bocavirus (hBoV), adenovirus (AdV), 

influenza viruses (InfA & B), parechovirus (PeV), parainfluezaviruses (PIV1-4), res-

piratory syncytial virus (RSV), human metapneumovirus (hMPV), coronaviruses 

(CoV: subtypes HKU1, NL63, 229E and OC43), rhinovirus (RV) and enteroviruses 

(EV), by real-time multiplex PCR, was performed as previously described7,8 .

 Typing of RV and CoV was done by sequencing the RV VP4 region and 

the CoV nucleocapsid gene respectively, followed by phylogenetic analysis. 

Relationships between patient age, viral presence and single versus multiple 

viral infection, were examined by Mann Whitney U testing, using SPSS 18.0 

(IBM, USA).
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Results

In 43 out of 54 adenoid tissues (80%) a total of 73 viruses were detected. Results 

are summarized in Table 1. HBoV was found most frequently in 29/54 (54%) 

adenoids. RV, AdV, EV were all found with a similar frequency of 19%, followed 

by CoV with a prevalence of 11%. Surprisingly, the prevalence of RSV was low 

(1/54) and Inf A/B viruses were not detected at all, despite the collection of 

adenoid tissue in the middle of the wintertime.  

 The majority of viruses were detected in combination with one or more 

other viruses (52/73=71%). In one sample, even 4 different viruses were pres-

ent. HBoV was most frequently detected as a single pathogen (54% of the hBoV 

positives). Interestingly, the presence of multiple viruses in adenoid tissue was 

significantly associated with younger age. While in children with a median age 

of 2.2 years (IQR 1.5-3.1) the adenoid tissue contained usually multiple viruses, 

in older children (median age 3.6 years, IQR 2.7-4.6)) we more frequently found 

only one virus per adenoid tissue (Mann Whitney U test; p = 0.005). Median 

age was 2.2 years (IQR 1.5-3.1) for patients with more than one virus present 

in their adenoid tissue, versus 3.6 years (IQR 2.7-4.6) for children with only one 

virus present (Mann Whitney U test; p = 0.005). In comparison to other viruses, 

we found AdV preferentially in younger children (2.0 [IQR 1.2-2.8] year versus 

2.9  [1.9 -4.1] year, respectively [p=0.007]). Looking at specific viruses, median 

age for AdV positives was significantly lower compared to median age for other 

viruses (respectively 2.0 [IQR 1.2-2.8] year versus 2.9  [1.9 -4.1] year, respectively 

[p=0.007]). For RV, we found a seasonal preference as the highest prevalence 

(6 out of 10 samples positive for RV) was observed in the November month. 

In contrast, the prevalence of hBoV was distributed equally among all winter 

months (data not shown). 

 We also studied the prevalence of viral subtypes of RV and CoV in the 

adenoid tissue samples. For RV, the following six different genotypes were 

found: type A-7 [n=3], type A-12 [n=2], type A-36 [n=1] , type A-24[n=1], type 

B-69[n=1]  and type C [n=2]. In case of CoV we found the following three gen-

otypes: HKU [n=3], NL63 [n=1], and OC43 [n=2].
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Discussion 

In this study we examined the viral prevalence in adenoid tissue of non-clinical-

ly ill children, who underwent an elective adenoidectomy because of recurrent 

symptoms of upper airway obstruction due to adenoid hypertrophy. We found 

a high prevalence of viral pathogens in the adenoids of young children, which 

is similar as reported by other recent studies9,10. The distribution of specific 

viral species is also comparable to what has been described before9,10, with 

the exception of CoV, which has not been reported before in adenoid tissue. 

Detection of AdV and multiple viruses was related to the youngest age group, 

as also reported by Jartti et al11. This possibly reflects reduced capability of 

viral clearance by the immature and inexperienced immune system of younger 

children12,13.  

 With our multiple PCR assay we detected 3 of the 4 circulating CoV 

subtypes and 6 different RV genotypes. This demonstrates the sensitivity of our 

assay for both viruses, and shows that infection of adenoid tissue is independ-

ent of the genotype. 

 The clinical significance of detecting respiratory viruses in the adenoids 

of children with acute infection remains a matter of debate. Respiratory viruses, 

especially RV and EV, are found in middle-ear aspirates in 70% of the patients 

with acute otitis media, and these infections are often accompanied by res-

piratory bacteria14. Previous papers have suggested that viral persistence in 

adenoids causes chronic inflammation and adenoid hypertrophy, which subse-

quently leads to recurrent viral and bacterial super infections of the upper air-

way and the internal ears15. However, an randomized clinical trial did not show 

advantages from adenoidectomy compared to watchful waiting for upper res-

piratory infections or otitis media with fever, nor is adenoidectomy indicated 

for otitis media with effusion16,17.

 Furthermore, it is arguable whether the detection of viral DNA or RNA 

represents viable virus. Garnett et al. could only culture AdV in 14% of PCR-pos-

itive adenoids, which was independent of virus load, showing that for AdV most 

positive findings do not represent viable virus18. For other viruses, comparison 
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between PCR and culture has not been performed. In our study all adenoid 

samples came from children without overt respiratory symptoms, suggesting 

no major viral replication or infection. On the other hand, non-viable virus can 

be clinically relevant, as reactivation of AdV in severely immune compromised 

children is known to cause significant morbidity4,5. Knowing that there is a high 

prevalence of several other respiratory viruses in adenoid tissue it would be of 

interest to study whether viral reactivation could occur in this patient category.

 Detection of viruses in asymptomatic patients hampers the interpreta-

tion of molecular viral diagnostics, since the detection of a virus alone is not 

enough to confirm causal relationship to clinical disease1. A study of our own 

group in asymptomatic children of the same age category during the same pe-

riod, showed viral prevalence in 28% of the nasal washes, whereby RV, hBov and 

CoV were the most frequently detected species1. It is tempting to speculate 

that these findings could be explained by persistent asymptomatic shedding 

from the adenoids. Indeed, Proenca-Modena et al. observed a high correlation 

of similar viral species in nasopharyngeal samples and adenoid tissue samples 

in children without acute respiratory tract infection (AdV 63%, RV 56%, EV 44% 

and hBoV 44% respectively)9. In contrast, a study comparing tonsillar tissue with 

nasopharyngeal samples, merely reported concurrent finding for enterovirus, 

but not for other virus species11. These differences between adenoid and ton-

sillar tissue are possibly related to their localization in the oropharynx. 

 Our study has several limitations. Although children were only included 

when they had no signs of fever or clinical illness, we do not know how many 

had minor common cold complaints or a recent episode of respiratory disease. 

Moreover, because of the study design no definite conclusions can be made 

about positive viral finding in adenoids in relation to detection of viruses in 

upper respiratory tract samples. Future studies, undertaking longitudinal fol-

low-up of upper respiratory samples in two cohorts of children (those with and 

those without adenoid removal) should be performed to confirm the assump-

tion that the adenoids are an important source of asymptomatic viral shedding. 

Indeed Primo et al showed a decrease of 42 % in the prevalence respiratory 
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viruses in nasopharyngeal samples of children after adenoidectomy. Yet this 

study was rather small en did not have a  control group without adenoidecto-

my19.

 In conclusion, our study showed high prevalence of many respiratory 

viruses in adenoid tissue of non-clinically ill children, especially for viruses like 

human bocavirus, adenovirus and picornaviridae. Viral persistence in adenoids 

may hamper respiratory viral detection by means of asymptomatic viral shed-

ding to the nasopharynx. 
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Table 1

Number of positive 
viruses (% compared to 
number of samples)

Number of virus co-
detected with anoth-
er virus (%).

 
Median age 
at detection in years
(inter quartile range)

All included patients
n=54                   -                        - 3.0 (1.9- 4.3) $

hBoV 29 (54%) 14/29 (48%) 3.1 (2.1-4.4)

RV* 10 (19%) 9/10 (90%) 2.1 (1.5-3.2)

AdV 10 (19%) 8/10 (70%) 2.0 (1.2-2.8) ^

EV 10 (19%) 9/10 (90%) 1.9 (1.5-4.9)

hCoV# 6 (11%) 5/6 (83%) 2.9 (1.0-5.1)

PIV3 3 (6%) 2/3 (67%) 3.0 (1.5-3.7)

PIV2 1 (4%) 1/1 (100%) 3.2

PIV4 2 (4%) 2/2 (100%) 2.5

hMPV 1 (2%) 1/1 (100%) 2.7

RSV 1 (2%) 1/1 (100%) 5.9

Inf A 0 (0%)                        - -

Inf B 0 (0%)                        - -

PeV 0 (0%)                        - -

PIV1 0 (0%)                        - -

Total                 73 φ 52/73 (71%) -
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$Median age for children with children with only one virus was 3.6 years (inter quartile range 

2.7-4.6). For children with more than one virus age was 2.2 years (inter quartile range 1.5-3.1). 

P=0.005 (Mann Whitney U). 

*For RV 6 different subtypes were detected (see text for details)

#For hCoV 3 different subtypes were detected (see text for details)

^Compared to the median age for positive samples 2.9 years (inter quartile range 1.9 -4.1). 

Mann Whitney U; p=0.007

φOf the 54 samples; 43 samples were positive. Of this 43 samples 26 had more than one virus. 
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