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Adenoviruses usually cause a mild and self-limited infection 
in young children. These infections involve the upper or 

lower respiratory tract, gastrointestinal tract, or conjunctiva. 
The disease is more severe and dissemination is more likely in 
patients with impaired immunity. Fatality rates for untreated 
severe adenovirus pneumonia or disseminated disease may ex-
ceed 50% [1]. While considerable morbidity and mortality due 
to adenovirus have been well documented in immunocompro-
mised children [2] and in children with underlying conditions 

[3], there are no data as to adenovirus infection in children with 
Down syndrome (DS). 

Individuals with DS may experience a higher frequency of 
infections, including viral infections, usually of the upper respi-
ratory tract. Increased severity and a prolonged course of disease 
characterize infections in this population, partially but not exclu-
sively attributed to defects of the immune system [4]. Thus, this 
study aimed to evaluate the clinical characteristics and disease 
severity in children with DS and adenovirus infection.

The incidence of DS in Israel is 0.57–0.68 per 1000 live 
births, but 2.32 per 1000, when live births and terminated 
pregnancies are summed [5,6]. Adenovirus infections are 
widespread in childhood and are likely to affect much of this 
population. However, studies concerning this specific subject 
in Israel are lacking, and the question regarding the clinical 
presentation and severity of adenovirus in children with DS in 
Israel is unanswered. 

PATIENTS AND METHODS

The study was conducted at a tertiary pediatric medical center. 
The medical records of 486 children hospitalized with adeno-
virus infection during 10 years from January 2005 to August 
2014, were reviewed. We compared children with DS to a con-
trol group of randomly selected children without DS who were 
also hospitalized due to adenovirus infection. The patient list 
was randomized using the last three digits of the identification 
number, and the first 123 children without DS were selected 
for the control group. Data collected for each child included: 
age, sex, length of hospital stay, presence of severe underlying 
disease requiring medical therapy, fever and other clinical signs 
and symptoms on admission, chest X-ray findings, laboratory 
results, steroid and beta-agonist use, oxygen requirement, need 
for a pediatric intensive care unit (PICU), mechanical ventila-
tion requirement, and outcome.

During the study period, adenoviral infection was microbi-
ologically diagnosed by one of two methods: detection via a 
shell vial cell culture or a rapid antigen test. Antigen detection 
was achieved by a fluorescein isothiocyanate (FITC) conjugated 
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ABSTRACT  Background: Adenovirus infections are prevalent in children. 

They usually cause a mild self-limited disease. However, this 

infection can be associated with considerable morbidity and 

mortality in specific populations, especially among immuno-

compromised children. Children with Down syndrome are sus-

ceptible to a higher frequency and increased severity of viral 

infections. Little is known about the severity and clinical course 

of adenovirus infections in children with Down syndrome.

  Objectives: To characterize hospitalized children diagnosed with 

Down syndrome and presenting with adenovirus infection. 

  Methods: We performed a retrospective review of children ad-

mitted with adenovirus from January 2005 to August 2014 from 

a single tertiary pediatric medical center in Israel. Data were 

compared between patients with and without Down syndrome.

  Results: Among the 486 hospitalized children with adenoviral 

infection, 11 (2.28%) were diagnosed with Down syndrome. We 

found that children with Down syndrome were more likely to 

experience a higher incidence of complications (18.2% vs. 2.4%, 

P = 0.008), a higher rate of admissions to the intensive care unit 

(36.4% vs. 2.4%, P < 0.001), and more prolonged hospitalizations 

(17 ± 15.9 days compared to 4.46 ± 3.16, P = 0.025). 

  Conclusions: Children with Down syndrome who were hospi-

talized with adenovirus infection represent a high-risk group 

and warrant close monitoring. If a vaccine for adenovirus be-

comes available, children with Down syndrome should be con-

sidered as candidates.
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monoclonal antibody to adenovirus (Tarom Applied Technolo-
gies, Petah Tikva, Israel) diluted in a 0.005% Evans blue-phos-
phate-buffered saline (PBS). The shell vial maintenance medium 
consisted of a minimum essential medium with a 5% fetal bo-

 
(Biological Industries, Beit Haemek, Israel). Shell-vial tubes 
containing HEK 293 cells were used to isolate the adenovirus. 
All phases were performed in a laminar flow cabinet cleaned 
with 10% hypochlorite and sterilized by ultraviolet light. The 
shell-vial tubes were cultivated and incubated for 3 days in a 
5% CO2 incubator at 37°C. The specimen was then examined 
under a fluorescence microscope for the presence of cells emit-
ting an apple-green pattern. If apple-green specific staining was 
observed, even in one cell, the presence of adenovirus was in-
dicated. A rapid antigen test on stool specimens was performed 
using the Rota/Adeno Combistick One-Step Test (Novamed, 
Jerusalem, Israel). Respiratory samples were examined by the 
Adeno Respi-Strip (Coris BioConcept, Belgium) following the 
manufacturer’s recommendations.

For statistical analysis, a two-tailed t-test or the nonpara-
metric Mann–Whitney U test was used to compare continuous 
variables between patients with and without DS. Pearson’s 
chi-square test was used to compare categorical variables, with 
continuity correction. P -
cally significant. 

The institutional review board and ethics committee ap-
proved the study protocol.

RESULTS

Among the 486 hospitalized children with adenoviral infection, 
there were 11 (2.28%) with DS. Table 1 summarizes the clinical 
and demographic data. There was no significant difference in 
sex or age. Children with DS have had a slightly lower ges-
tation age although the average was still above prematurity in 
this group. Children with DS were more likely to present with 
severe underlying diseases requiring medical therapy (45.5% 
vs. 10.6%, P = 0.001). This group included three children with 
chronic lung disease, one with congenital heart disease, and one 
who had quadriplegia due to a C1-2 instability. In the control 
group, previous illness included congenital heart disease, immu-
nodeficiency, and chronic lung disease.

The mean length of hospital stay in the DS group was signifi-
cantly higher. Children with DS had a higher rate of admissions 
to the PICU and a higher incidence of complications. Compli-
cations included one child with acute respiratory distress syn-
drome and one child with pulmonary hypertension. Three chil-
dren in the control group developed complications, including 
bronchiolitis obliterans and enterobacter bacteremia. Mortality 
was not observed in either group.

Adenovirus may cause a variety of different clinical man-
ifestations. The presentation was somewhat different among 

the groups. Children with DS had a trend toward a higher rate 
of respiratory symptoms on admission and a lower rate of oth-
er symptoms such as pharyngitis or diarrhea. Thus, we per-
formed a second analysis on a subgroup of patients that pre-
sented with similar symptoms. We compared children with and 
without DS, who presented with respiratory illness. The results 
were similar in this subgroup. DS children who presented with 
respiratory illness had a higher incidence of complications 
(25% vs. 5.08%, P = 0.044), a higher rate of admissions to the 
PICU (50% vs. 5.08%, P < 0.001), and a longer hospital stay 
(20 ± 17.92 days vs. 5.44 ± 4.05 days, P = 0.004) compared to 
a subgroup of children in the control group who also presented 
with respiratory illness.

Table 1. Clinical and demographic data

Down syndrome Control group P value*

N 11 123

Background data

Male sex (%) 6 (54.5%) 78 (63.4%) 0.56

Age ± SD, days 1156.8 ± 1364.2 502.2 ± 401.5 0.14

Gestational age 
± SD, weeks 37.1 ± 1.5 38.8 ± 2.4 0.039

Previous illness 
(%)** 5 (45.5%) 13 (10.6%) 0.001

Presentation

Rash (%) 4 (36.4%) 37 (30.1%) 0.66

Diarrhea (%) 2 (18.2%) 51 (41.5%) 0.13

Pharyngitis (%) 0 (0%) 36 (29.3%) 0.036

Conjunctivitis (%) 4 (36.4%) 47 (38.2%) 0.9

Respiratory 
symptoms (%) 8 (72.7%) 59 (48%) 0.12

Treatment and outcomes

Antibiotic 
treatment (%) 10 (90.9%) 82 (66.7%) 0.25

Length of stay ± 
SD, days 17 ± 15.9 4.5 ± 3.2 0.025

PICU admission 
(%) 4 (36.4%) 3 (2.4%) < 0.001

Complications 
(%) 2 (18.2%) 3 (2.4%) 0.008

*Bold indicates significance 
**required medical therapy
PICU = pediatric intensive care unit, SD = standard deviation
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DISCUSSION

Adenoviruses are double-stranded DNA viruses, typically associ-
ated with self-limited disease during childhood. In most patients, 
minimally symptomatic infections involve individual organ sys-
tems, including the upper and lower respiratory tracts, conjunc-
tiva, and gastrointestinal tract. In contrast, infections in immu-
nocompromised patients can cause significant adverse events, 
including disseminated infections and fatal outcome [7,8].

We established that adenovirus infection in children with DS 
is characterized by a severe and prolonged course of disease. 
Although pediatricians are aware of the high risk of infections 
among individuals with DS [9], to the best of our knowledge, 
this is the first report revealing that complications and hospi-
talization in the PICU due to adenovirus infections are more 
common in this population. Adenovirus usually causes a mild 
self-limited disease, not requiring hospitalization. Among the 
486 hospitalized children with adenoviral infection, there were 
11 (2.28%) with DS. This number is considerably higher than 
the incidence of DS in Israel, which is approximately 6 per 
1000 live births [6]. Complications were present in 18.2% of 
the children with DS vs. 2.4% in the controls P = 0.008; 36.4% 
of children with DS were hospitalized in the PICU vs. 2.4% 
in the controls P < 0.001; also, children with DS had more 
prolonged hospitalizations, 17 ± 15.9 days vs. 4.46 ± 3.16 in 
controls, P = 0.025. It is widely accepted that children with DS 
experience more frequent infections than non-DS children, with 
most studies concurring that these infections occur mainly in the 
respiratory tract. This susceptibility stems from immunological 
and non-immunological factors. Abnormalities of the immune 
system associated with DS include mild to moderate T and B 
cell lymphopenia, a marked decrease of naive lymphocytes, 
impaired mitogen-induced T cell proliferation, reduced specific 
antibody responses to immunizations, and defects of neutrophil 
chemotaxis. Secondary immunodeficiency due to metabolic or 
nutritional factors in DS has been postulated. Non-immuno-
logical factors, including abnormal anatomical structures (e.g., 
small ear canal, tracheomalacia), congenital heart disease, and 
gastroesophageal reflux, may play a role in the increased fre-
quency of respiratory tract infections [4]. 

Hilton et al. [10] found that lower respiratory tract pathology 
was the most common cause of acute hospital admission among 
children with DS. A higher incidence of acute lung injury, sec-
ondary to pneumonia, was also found among these children. The 
authors demonstrated that the median length of stay and cost of 
admission for children with DS was two to three times great-
er compared to children without DS. Population-based cohort 
studies have demonstrated that the rate of hospitalization in chil-
dren with DS was five times greater than the general population, 
even in the absence of concurrent risk factors. Respiratory in-
fections are considered the second most common cause of death 

in children with DS [11]. A recent meta-analysis [12] noted that 
the presence of Down syndrome was associated with a signifi-
cantly higher risk of RSV-related hospitalization and prolonged 
length of stay. 

LIMITATION

A potential limitation of our study was that most of the samples  
were obtained by immunological assay where antibody detec-
tion is conducted on a shell vial cell culture or rapid antigen test. 
It is possible that by using the polymerase chain reaction (PCR) 
test for adenovirus, a broader group of patients might have been 
identified [13]. However, we used the same definitions and lab-
oratory techniques for the study group and the control group, 
and this should overcome a potential bias. The PCR technique is 
becoming common clinical practice and future research will re-
flect its higher sensitivity. We showed that children with DS had 
a higher rate of admissions to the PICU. A potential limitation 
was that physicians managing children with DS might have a 
lower threshold to admit these children to the PICU. This study, 
however, represents the routine everyday care given in our ter-
tiary hospital to different patient populations. 

CONCLUSIONS 

Adenovirus infection is more severe in DS children. Whether 
this fact is due to an immunological impairment or secondary 
to other DS-associated characteristics needs to be further inves-
tigated. Pediatricians should be aware of the high rate of com-
plications due to adenovirus in children with DS. In our opin-
ion, these children should be hospitalized in centers capable of 
identifying and reacting quickly to these complications. If, in 
the future, a vaccine for adenovirus will become available, DS 
children may be considered as candidates.
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Capsule

Blockade of the co-inhibitory molecule PD-1 unleashes ILC2-dependent antitumor 
immunity in melanoma

Group 2 innate lymphoid cells (ILC2s) are essential to 
maintain tissue homeostasis. In cancer, ILC2s can harbor 
both pro-tumorigenic and anti-tumorigenic functions, 
but researchers know little about their underlying 
mechanisms or whether they could be clinically relevant 
or targeted to improve patient outcomes. Jacquelot and 
colleagues found that high ILC2 infiltration in human 
melanoma was associated with a good clinical prognosis. 
ILC2s are critical producers of the cytokine granulocyte-
macrophage colony-stimulating factor, which coordinates 
the recruitment and activation of eosinophils to enhance 
antitumor responses. Tumor-infiltrating ILC2s expressed 

programmed cell death protein-1, which limited their 
intratumoral accumulation, proliferation and antitumor 
effector functions. This inhibition could be overcome in 
vivo by combining interleukin-33-driven ILC2 activation 
with programmed cell death protein-1 blockade to 
significantly increase antitumor responses. Together, 
these results identified ILC2s as a critical immune cell 
type involved in melanoma immunity and revealed a 
potential synergistic approach to harness ILC2 function 
for antitumor immunotherapies.

Nature Immunol 2021; 22: 851 
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Masking out air sharing

The effectiveness of masks in preventing the transmission 
of severe acute respiratory syndrome coronavirus-2 has 
been debated since the beginning of the coronavirus 
disease-2019 pandemic. One important question is 
whether masks are effective despite the forceful expulsion 
of respiratory matter during coughing and sneezing. 
Cheng et al. convincingly showed that most people 
live in conditions in which the airborne virus load is low. 
The probability of infection changes nonlinearly with the 
amount of respiratory matter to which a person is exposed. 

If most people in the wider community wear even simple 
surgical masks, then the probability of an encounter with 
a virus particle is even further limited. In indoor settings, it 
is impossible to avoid breathing in air that someone else 
has exhaled, and in hospital situations where the virus 
concentration is the highest, even the best-performing 
masks used without other protective gear such as hazmat 
suits will not provide adequate protection.

Science 2021; 372: 1439 
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We must believe in luck. For how else can we explain the success of those we don't like? 

Jean Cocteau (1889–1963), author and painter


