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ABSTRACT
Aim: Immunocompromised children (IC) were presumed to be at higher risk of SARS-COV-2 infection and severe COVID-19, 
but population-based evidence is limited. We assessed infection risk, COVID-19 hospitalisation, and severe outcomes in IC com-
pared with children with and without other high-risk conditions.
Methods: We conducted a retrospective population-based cohort study using electronic health registries from Italy and Norway, 
including children aged 1–14 years from February 2020–February 2022. Children were classified as IC, non-immunocompromised 
with high-risk conditions (non-IC), or reference children (RC). Adjusted models estimated infection hospitalisation risks.
Results: We included 29 520 children (IC = 201, non-IC = 5 144, RC = 24 175) in Italy and 851 517 (IC = 4 862, non-IC = 157 358, 
RC = 689 297) in Norway. Infection rates were similar across groups in both countries. Hospitalisations were rare in both data-
sets; however, in the Norwegian cohort, the aHR for hospitalisation was 5.29 (95% CI: 2.49–11.25) for IC vs. RC and 2.30 (95% CI: 
1.10–4.82) for IC vs. non-IC. Zero and five severe cases occurred in Italy and Norway, respectively.
Conclusions: IC did not have an increased risk of infection but experienced higher hospitalisation rates despite a low incidence 
of severe disease. This pattern may reflect precautionary clinical management rather than increased disease severity.
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1   |   Background

Early in the COVID-19 pandemic, immunocompromised (IC) 
children were presumed to have increased risk for severe SARS-
CoV-2 infection [1], largely based on theoretical concerns rather 
than paediatric-specific evidence. While certain underlying 
chronic conditions—such as cardiovascular, neurologic, and 
metabolic disorders—have been established as risk factors for 
severe COVID-19 in children [2], the same has not been clearly 
demonstrated for immunocompromised status. Although 
immunocompromised adults are at increased risk of severe 
COVID-19 outcomes [3], current evidence does not support sim-
ilar associations in paediatric populations [4–6]. Emerging data 
suggest that hospitalised IC children are not at increased risk of 
severe COVID-19 compared to immunocompetent peers [6, 7]. 
However, these findings are mainly derived from hospitalised 
cohorts, where admission practices may reflect clinical caution 
rather than actual disease severity. This admission bias limits 
generalizability and may overestimate the true burden in fragile 
children with immunocompromising conditions.

Evidence on the risk of SARS-CoV-2 infection in IC children 
remains scarce, often limited by small sample sizes [8], and 
population-based studies evaluating both infection and hospi-
talisation risk, and whether hospitalisation correlates with clini-
cal severity, are lacking. A better understanding of these risks is 
essential to inform evidence-based clinical management and to 
guide targeted public health strategies for the care of immuno-
compromised paediatric populations.

In this population-based study conducted in Italy and Norway, 
we assessed the risk of SARS-CoV-2 infection and COVID-19-
related hospitalisation in IC children compared with immuno-
competent children, including those with and without other 
high-risk underlying conditions. We also examined disease se-
verity among hospitalised cases to provide a clearer picture of 
the clinical burden in this vulnerable population.

2   |   Material and Methods

2.1   |   Study Design and Data Sources

We conducted a retrospective, population-based cohort study 
using two independent paediatric data sources: The Pedianet 
database in Italy and the linked national health registries in 

Norway. To account for differences in data structure, coding 
systems, and healthcare organisations, each dataset was anal-
ysed separately. Both sources offer individual-level, longitudinal 
data with near-complete population (Italy) and fully nationwide 
(Norway) coverage, enabling identification of SARS-CoV-2 in-
fections, COVID-19-related hospitalisations, and relevant clini-
cal and demographic information.

In Italy, data were drawn from the Pedianet network, a pri-
mary care paediatric database compiling routine clinical in-
formation from over 200 community-based paediatricians via 
the standardised JuniorBit electronic medical record system 
[9]. Pedianet includes detailed patient-level data, including 
demographics, clinical history, symptoms, diagnoses, pre-
scriptions, referrals, and immunisation records, providing a 
comprehensive view of paediatric health over time. The net-
work covers around 4% of the annual Italian paediatric pop-
ulation and is considered nationally representative [9]. For 
this study, we focused on data from the Veneto region, where 
Pedianet is regularly fed to the regional hospital discharge 
database, SARS-CoV-2 nasopharyngeal swab testing regis-
try, and immunisation registry, allowing complete capture 
of SARS-CoV-2 test results (reverse transcriptase polymerase 
chain reaction [RT-PCR] and rapid antigen test), COVID-19-
related hospital admissions, and COVID-19 vaccination status 
[10]. This ensured the complete capture of COVID-19 testing, 
hospitalisation, and vaccination data.

In Norway, we linked multiple national health databases and 
administrative databases using unique personal identifiers as-
signed to all residents. These include the Norwegian Patient 
Registry (NPR), the Norwegian Control and Payment of Health 
Reimbursement (KUHR) for information on hospital and pri-
mary care encounters, the Norwegian Surveillance System for 
Communicable Disease (MSIS) for SARS-CoV-2 test results, the 
Norwegian Immunisation Registry (SYSVAK) database for vac-
cination records, and Statistics Norway (SSB) for population and 
sociodemographic characteristics [11]. These data sources en-
compass the entire Norwegian population and provide detailed 
information on demographics, medical history, diagnoses, pro-
cedures, primary care encounters, hospital admissions, test re-
sults, and immunisations.

2.2   |   Study Population and Exposure Definition

We included all children aged 1–14 years with continuous resi-
dency and valid healthcare data in the respective databases as 
of 1 February 2020. Age was calculated as of 1 February 2020, 
corresponding to the study start date. This time frame was se-
lected to capture the period during which community-level test-
ing for SARS-CoV-2 was widely available and mandatory in both 
countries [12, 13]. Children under one year of age were excluded 
to ensure accurate ascertainment of chronic underlying condi-
tions, which often require at least 12 months in administrative 
and primary care data sources [14]. In Pedianet, children were 
required to be under active follow-up, defined as having age-
appropriate, documented well-child visits with their assigned 
community-based paediatrician, indicating ongoing clinical 
care [10]. In Norway, individuals without a valid personal iden-
tification number, required for registry linkage, were excluded. 

Summary

Evidence on the risk of SARS-COV-2 infection and 
COVID-19 outcomes in immunocompromised children is 
limited, as most previous studies relied on hospitalised co-
horts and may be affected by admission bias.

In two population-based cohorts from Italy and Norway, im-
munocompromised children had similar infection risk but 
higher hospitalisation risk, while severe outcomes were rare.

These findings suggest hospitalisation may reflect precau-
tionary clinical management rather than greater disease se-
verity in high-risk children.
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This ensured that all individuals included had sufficiently com-
plete data for reliable classification of exposure and outcome 
status.

Follow-up began on 1 February 2020, and continued until the 
outcome of interest (SARS-CoV-2 infection and COVID-19-
related hospitalisation), death, emigration, or study end (28 
February 2022), whichever occurred first.

Children were categorised into three mutually exclusive groups 
based on the presence of chronic or immunocompromising un-
derlying conditions, using diagnostic codes recorded in each 
data source (ICD-9-CM codes in Italy and ICD-10 and ICPC-2 
codes in Norway), detailed in Tables  S1 and S2. Diagnostic 
codes and free-text diagnoses were screened and grouped 
into immunocompromising or non-immunocompromising 
conditions by trained paediatricians (CD, GS, and EV), with 
dual review for ambiguous cases. Specifically, children were 
classified as: (i) IC children, defined as children with a diag-
nosis of primary or secondary immunodeficiency, including 
haematologic malignancies, neutrophil or lymphocyte defects 
(including HIV), asplenia, complement deficiencies, or those 
receiving immunosuppressive therapies (chemotherapy, long-
term corticosteroids, biologics, or post-transplant immuno-
suppression); (ii) non-immunocompromised (non-IC) children 
with high-risk conditions, defined as children with chronic 
underlying conditions not involving the immune system but 
known to increase the risk of severe COVID-19 (e.g., congeni-
tal heart disease, chronic respiratory conditions, metabolic or 
neurological disorders); and (iii) a reference (RC) group of im-
munocompetent children without known high-risk underlying 
conditions.

2.3   |   Variables of Interest and Outcomes

The primary outcomes of interest were: (i) SARS-CoV-2 in-
fection, defined as the first laboratory-confirmed positive 
SARS-CoV-2 RT-PCR or antigen nasopharyngeal swab; (ii) 
COVID-19-related hospitalisation, defined as a hospital admis-
sion occurring within 10 days of a positive SARS-CoV-2 swab; 
and (iii) severe COVID-19, defined as requiring admission to an 
intensive care unit (ICU), respiratory or circulatory support, or 
resulting in death. The 10-day window was selected based on 
the typical timeline of COVID-19 progression, as clinical de-
terioration and hospitalisation most commonly occur within 
5–8 days from symptom onset [15]. This interval was considered 
sufficiently inclusive to capture hospitalisations temporally re-
lated to acute infection while limiting misclassification of unre-
lated admissions.

SARS-CoV-2 infection was identified through the first record of 
a positive SARS-CoV-2 test in each data source: In Norway, this 
was captured from the MSIS (based on RT-PCR testing) and sup-
plemented with confirmed diagnoses of COVID-19 in primary 
and secondary care settings; in Veneto, Italy, infection was de-
fined using the regional COVID-19 testing registry, which in-
cludes both RT-PCR and rapid antigen swab results.

COVID-19-related hospitalisations and severe outcomes were 
ascertained through manual review of discharge summaries 

by trained paediatricians (CD, GS, and EV) in Pedianet (Italy) 
and through ICD-10 diagnostic/procedural codes or death re-
cords in Norway. (Table S3). Variables of interest included de-
mographic characteristics (age, sex, socioeconomic status [area 
deprivation index in Italy and region of residence in Norway]), 
healthcare utilisation indicators (number of paediatric vis-
its and number of antibiotic prescriptions in the year before 1 
February 2020), clinical characteristics of SARS-CoV-2 infec-
tion (SARS-CoV-2 variant of concern, hospitalisation timing, 
ICU admission, ventilation, use of COVID-19-related therapies 
such as monoclonal antibodies or antivirals), and death, and 
COVID-19 vaccination. The predominant circulating SARS-
CoV-2 variant of concern at the time of children's infection 
onset was defined based on national surveillance data and the 
CovSPECTRUM platform [16], assigning each infection to a 
predominant circulating variant (ancestral, beta, and delta for 
the pre-Omicron period, or Omicron for the Omicron period), 
as previously described [17]. The following timeframes were 
considered: (a) pre-Omicron period (from 1 February 2020 to 
15 November 2021) and (b) Omicron period (from 16 November 
2021 to 28 February 2022).

2.4   |   Statistical Analysis

Descriptive statistics were used to summarise demographic and 
clinical characteristics across the three study groups (IC, non-IC 
with high-risk conditions, and RC). Categorical variables were 
reported as frequencies and proportions, and continuous vari-
ables as means with standard deviations (SD) or medians with 
interquartile ranges (IQR), as appropriate.

Cumulative incidence of SARS-CoV-2 infection was estimated 
using the Fine and Grey method, which accounts for compet-
ing risks (i.e., COVID-19 vaccination), and stratified by expo-
sure group. The proportional hazards assumption was assessed 
through Schoenfeld residuals.

To assess the association between immunocompromised status 
and SARS-CoV-2 infection, Fine-Grey competing risk models 
were used to estimate adjusted sub-hazard ratios (aHR) and 95% 
confidence intervals (CI). Comparisons were made between IC, 
non-IC, and RC, including both IC vs. RC and IC vs. non-IC. The 
models accounted for COVID-19 vaccination as the competing 
event and adjusted for age, sex, area deprivation index (Italy) or 
region of residence (Norway), and healthcare utilisation in the 
year prior to follow-up (number of paediatric visits and antibi-
otic prescriptions). COVID-19-related hospitalisation and sever-
ity among hospitalised children were assessed using adjusted 
log-binomial regression models to estimate risk ratios (aRR) 
and corresponding 95% CI among those children who developed 
SARS-CoV-2 infection. Models were adjusted for the same co-
variates described above.

No formal statistical comparison was performed between coun-
tries, as data were analysed independently and with context-
specific model specifications.

SAS software, version 9.4 (SAS Institute Inc., Cary, NC, USA) 
and STATA version 18 (Stata-Corp LP, College Station, TX, USA) 
were used for the analyses in Italy and Norway, respectively.
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2.5   |   Ethics

The study was approved by the Pedianet Internal Scientific 
Committee and the Institutional Review Board of Società 
Servizi Pediatrici, Padova, Italy. In Norway, ethical approval 
was granted by the Regional Committees for Medical and 
Health Research Ethics (REK), and the use of registry data was 
authorised under the Norwegian Institute of Public Health's 
legal mandate for emergency preparedness. In both countries, 
all data were anonymised prior to analysis, and no identifiable 
information was accessible to the research team. Specifically, in 
Italy, data were anonymised and stored in a centralised data-
base managed by Società Servizi Pediatrici, the legal owner of 
Pedianet. In Norway, the Data Protection Impact Assessment 
(DPIA no. 341884) was approved by the Norwegian Data 
Protection Services for Research and the University of Oslo. 
Given the retrospective nature of the study and the exclusive 
use of routinely collected health data, informed consent was not 
required.

3   |   Results

3.1   |   Study Populations Characteristics

A total of 29 520 children were included in the Italian cohort, of 
whom 201 (0.7%) were classified as IC, 5 144 (17.4%) as non-IC 
with high-risk conditions, and 24 175 (81.9%) as RC. In Norway, 
851 517 children were included, with 4 862 (0.6%) classified as 
IC, 157 358 (18.5%) as non-IC, and 689 297 (81.0%) as RC.

Table  1 summarises the sociodemographic characteristics of 
the Italian and Norwegian cohorts. In both cohorts, males 
were more prevalent in the IC and non-IC groups, whereas in 
the RC group, the distribution of males and females was more 
balanced. In both cohorts, children classified as IC tended to be 
older than those in the RC group but younger than those classi-
fied as non-IC children. Median age [IQR] was 7 years [4–9] in 
Italy and 8 years [4–11] in Norway for the IC group, compared 
to 6 years [4–9] in Italy and 8 years [5–11] in Norway for the RC 
group, and 8 years [5–10] in Italy and 8 years [4–11] in Norway 
for the non-IC group. As expected, in both countries, IC children 
had higher healthcare utilisation, both in terms of primary care 
visits and antibiotic use.

COVID-19 vaccination coverage varied across groups and coun-
tries. In Italy, receipt of at least one dose was highest among 
non-IC children (43.9%), followed by IC (40.8%) and RC (36.1%). 
In Norway, vaccination coverage was lower overall. At least one 
dose was received by 27.9% of IC, 27.2% of non-IC, and 22.2% of 
RC children.

3.2   |   SARS-CoV-2 Infection

In Italy, 10 551 of 29 520 children (35.7%) had a laboratory-
confirmed SARS-CoV-2 infection (Table  2). The proportion of 
cases was similar across groups: 71 of 201 (35.3%) IC children, 
1 849 of 5 144 (35.9%) non-IC, and 8 631 of 24 175 (35.7%) RC 
children. In Norway, 252 226 of 851 517 children (29.6%) had a 
laboratory-confirmed SARS-CoV-2 infection. As in Italy, the 

proportions were comparable across groups: 1 471 of 4 862 
(30.3%) IC, 48 832 of 157 358 (31.0%) non-IC, and 201 923 of 
689 297 (29.3%) RC children (Table 2). The distribution of SARS-
CoV-2 infections across variant of concern circulation peri-
ods (pre-Omicron vs. Omicron) was similar among all groups 
in both countries, with most infections occurring during the 
Omicron period (Table 2). In Italy, IC children had a lower risk 
of SARS-CoV-2 infection compared to RC (aHR = 0.90, 95% CI: 
0.69–1.18) and non-IC children (aHR = 0.92, 95% CI: 0.70–1.21). 
Likewise, non-IC children had a risk comparable to that of the 
RC group (aHR = 1.00, 95% CI: 0.95–1.06) (Figure 1). Similarly, 
in Norway, IC children had no increased risk of infection com-
pared to RC (aHR = 1.00, 95% CI: 0.94–1.07) or non-IC children 
(aHR = 0.98, 95% CI: 0.92–1.04). Non-IC children had a slightly 
higher risk of SARS-CoV-2 infection than RC (aHR = 1.03, 95% 
CI: 1.02–1.04) (Figure 1).

3.3   |   COVID-19-Related Hospitalisation 
and COVID-19 Severity

In Italy, among 10 551 children with laboratory-confirmed 
SARS-CoV-2 infection, 98 (0.93%) were hospitalised for 
COVID-19. Hospitalisation occurred in < 1.5% (< 5 out of 71) of 
IC children, 1.0% (19 out of 1 849) of non-IC children, and 0.9% 
(78 out of 8 631) of RC children. In the Norwegian cohort, 0.5% 
(8 out of 1 471) of IC children were hospitalised, compared with 
0.2% (82 out of 48 832) in the non-IC group and 0.1% (98 out of 
201 923) in RC children (Table 2).

In Italy, due to the very small number of hospitalised IC children 
(n < 5), no statistical modelling was conducted. In Norway, an 
elevated risk of COVID-related hospitalisation among children 
with underlying conditions, including immunocompromising 
and non-immunocompromising conditions, was confirmed. 
Compared to RC children, the aRR was 5.29 (95% CI: 2.49–11.25) 
for IC children and 2.30 (95% CI: 1.67–3.16) for non-IC children. 
When directly comparing IC to non-IC children, the aRR was 
2.30 (95% CI: 1.10–4.82), indicating a significantly higher risk of 
hospitalisation among IC children (Figure 2).

Severe COVID-19 was rare in both cohorts. No severe cases were 
reported in Italy. In Norway, five cases were documented, in-
cluding both IC and non-IC children.

4   |   Discussion

In this large, population-based study across two paediatric 
cohorts in Italy and Norway, we found that IC children had a 
similar risk of SARS-CoV-2 infection compared with both chil-
dren with and without non-immunocompromising high-risk 
conditions.

However, IC children showed a higher risk of COVID-19-related 
hospitalisation compared with non-IC and RC children in both 
cohorts, despite the very low number of severe cases, none in 
Italy and < 5 in Norway. These findings are consistent with pre-
vious paediatric studies reporting that IC status has been associ-
ated with higher hospitalisation rates but not with increased risk 
of severe disease [18]. Prior research in hospitalised populations 
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has shown similar patterns, often demonstrating lower sever-
ity in IC children compared with their immunocompetent 
peers [6, 7, 19]. In the US COVID-NET study, which assessed 
predictors of severe outcomes among children hospitalised with 
COVID-19 as the primary reason for admission, immunocom-
promising conditions were associated with a significantly lower 
adjusted risk of severe disease compared with immunocompe-
tent peers (aRR = 0.68; 95% CI 0.60–0.78) [6]. Similarly, in the 
large individual-patient meta-analysis by Harwood et  al., the 
odds of critical care admission or death increased with the num-
ber of comorbidities, but malignancy and other immunocompro-
mising conditions were not linked to higher severity (OR = 0.85; 
95% CI 0.17–4.21) [19]. In our previous Canadian multicentre 
surveillance study, IC children hospitalised for COVID-19 had a 
lower risk of severe disease than non-IC peers (aRR = 0.46; 95% 
CI 0.32–0.65) [7].

Our results confirm and extend these observations at a popula-
tion level, adding to existing population-based evidence that IC 
children may experience higher hospitalisation rates despite not 
developing more severe disease compared to immunocompetent 
children [2]. Similarly, a meta-analysis reported lower rates of 
severe COVID-19 in immunodeficient and immunosuppressed 
paediatric and adult populations compared to the general pop-
ulation [20]. A similar pattern has been documented for other 
viral infections, including influenza, in which IC children are 
disproportionately represented among hospitalised cases despite 
having similar or lower severity [21]. For instance, data from 
influenza surveillance in Canada, the US, and Australia have 
consistently shown lower risks of intensive care and respiratory 
support need in hospitalised IC children compared to immuno-
competent children [22–24].

Nevertheless, the literature is not entirely consistent. A sys-
tematic review and meta-analysis found a trend toward more 
severe outcomes among immunocompromised children and 
young people [16], echoing findings in adult populations [3, 25]. 
However, many of these studies were conducted in hospital-
based settings, including patients with more severe conditions, 
and thus do not necessarily reflect the risk in outpatient settings. 
Indeed, another meta-analysis found that rates of ICU admis-
sion and death among children with COVID-19 were markedly 
lower in community-based studies compared to hospital-based 
studies [26].

The IC paediatric population is also highly heterogeneous, 
comprising a wide spectrum of immune deficiencies and im-
munosuppressive treatments that may differentially influence 
incidence outcome discrepancies across studies. Some stud-
ies focusing on narrowly defined high-risk subgroups such as 
children receiving chemotherapy—have shown greater sever-
ity [26], highlighting the need for disaggregated analysis of IC 
subpopulations.

Our study addresses a critical gap by leveraging population-
level, real-world data from two national paediatric cohorts with 
high coverage, allowing for robust comparisons across health-
care systems. However, due to the very low number of severe 
cases, we were unable to evaluate the risk of severe COVID-19 
among hospitalised IC, non-IC, and RC children with SARS-
CoV-2 infection.T
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Furthermore, while we harmonised definitions across cohorts, 
several limitations should be noted. First, immunocompromis-
ing and non-immunocompromising conditions were defined 
using diagnostic codes and free-text from electronic health 
records and nationwide health registries, which may result in 
under-ascertainment or misclassification of certain conditions. 
Second, due to the low number of severe outcomes, we were 
underpowered to explore heterogeneity within IC subgroups 
(e.g., transplant recipients or children receiving chemother-
apy). Third, real-world data do not capture information on non-
pharmacological preventive measures, which may have played 
an important role in modulating infection risk across groups. 
Lastly, while Pedianet is broadly representative, it was limited to 
the Veneto region, potentially affecting generalizability across 
the entire country. Additionally, especially during the early 
stages of the pandemic, misclassification of exposure status 
may have occurred, potentially leading to an underestimation of 
COVID-19-related hospitalisations. Moreover, COVID-19 hospi-
talisations were defined as admissions occurring within 10 days 
of a positive SARS-CoV-2 test. Although this approach was cho-
sen to reflect the typical timeline of clinical worsening and mi-
nimise under-ascertainment of COVID-19-related admissions, 
some hospitalisations within this window may have represented 
incidental SARS-CoV-2 detections, potentially introducing non-
differential misclassification.

In summary, in two large population-based paediatric cohorts, 
IC children had similar infection risk but higher hospitalisation 
rates than immunocompetent children with and without un-
derlying risk factors, while severe cases were rare in both coun-
tries. Further studies are needed to clarify whether this pattern 
reflects differences in disease severity, healthcare-seeking be-
haviour, or clinical management practices.
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