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RISK FACTORS FOR SEVERE COVID-19 IN HOSPITALIZED CANADIAN CHILDREN: A NATIONAL 
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Backgrounds: Comorbid conditions are a recognized risk factor for severe COVID-19 disease in 
children, though there is limited evidence regarding the risks associated with specific conditions. The 
objective of this study was to identify factors associated with severe COVID-19 among hospitalized 
children with SARS-CoV-2 infection in Canada. 
Methods: We conducted a national prospective study on hospitalized children with microbiologically 
confirmed SARS-CoV-2 infection via the Canadian Paediatric Surveillance Program from March 2020-
May 2021. Cases were reported voluntarily by a network of >2800 paediatricians and paediatric 
subspecialists. SARS-CoV-2 hospitalizations were classified as COVID-19-related, incidental infection, or 
infection control/social admissions. Severe disease was defined as intensive care, ventilatory, or 
hemodynamic requirements, select organ system complications, or death. Risk factors for severe disease 
were identified using multivariable Poisson regression, adjusting for child age and sex, coinfections, and 
timing of hospitalization. 
Results: We identified 541 children hospitalized with SARS-CoV-2 infection, including 329 (60.8%) with 
COVID-19-related disease. Median age at admission was 2.8 years (IQR 0.3-13.5) and 42.9% (n=232) 
had at least one comorbidity. Among COVID-19-related hospitalizations, severe disease occurred in 
29.5% of children (n=97/329), including a higher proportion of children aged 1-4 years (42.6%) and 12-17 
years (41.3%). Comorbidities associated with severe disease are described in Figure 1, and included 



technology dependence (adjusted risk ratio [aRR] 1.96, 95% confidence interval [CI] 1.31-2.95), 
neurologic conditions (aRR 1.87 95% CI 1.34-2.61), and pulmonary conditions (aRR 1.66, 95% CI 1.13-

2.42).  
Conclusions/Learning Points: While severe outcomes were detected at all ages and among patients 
with and without comorbidities, neurologic and pulmonary conditions as well as technology dependence 
were associated with increased risk of severe COVID-19. These findings may help guide vaccination 
programs and prioritize targeted COVID-19 therapies for children.



OP002 / #490 

T CELL EXHAUSTION IS A FEATURE OF MIS-C RELATED IMMUNE REPONSES 
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Backgrounds: T cell lymphopaenia, and activation are well described features of MIS-C. We evaluated 
whether T cell exhaustion alongside T cell activation reported in childhood viral infections, occurs in 
children with a clinical diagnosis of MIS-C. 
Methods: Clinical cohort: Children with febrile illnesses and healthy controls were recruited from two 
tertiary London hospitals between 01/09/2020-31/12/21, as part of the EU-funded DIAMONDS study. 162 
participants were included: MIS-C (n=80), COVID-19 pneumonitis (n=7), Kawasaki disease (n=3), severe 
viral (n=7), and bacterial (n=19) illness, other inflammatory (n=8), paediatric controls (n=13), and adult 
vaccinated controls (n=25). Eighty-two of 124 patients (66%) required intensive care. Samples were 
collected at two time-points: acute illness at admission and convalescence. Qiagen SARS-CoV-2 
QuantiFERON kits were used for stimulation of whole blood with mitogen and SARS-CoV-2 antigens, to 
stimulate CD4+ and CD8+ T cells, and subsequent measurement in the supernatant of IFNɔ levels. 
Results: The QuantiFERON assay was performed on 132 samples (acute n=59, convalescence n=19, 
paediatric controls n=11, adult controls n=25). MIS-C patients had raised baseline IFNɔ levels, with lower 
increase after stimulation with SARS-CoV-2 antigens compared to vaccinated adults. The absolute 
increase in IFNɔ in response to mitogen was lower in MIS-C compared to vaccinated adults, healthy 
children or bacterial infection. There was recovery in mitogen response in MIS-C in convalescence 
(Figure 1). 



 

 
Conclusions/Learning Points: We report a high baseline IFNɔ and low activation by SARS-CoV-2 
peptides and mitogen, which suggests T cell exhaustion coexists with features of T cell activation in MIS-
C. Further studies on molecular mechanisms of T cell exhaustion are warranted.
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RISK OF SARS-COV-2 REINFECTIONS IN CHILDREN: PROSPECTIVE NATIONAL SURVEILLANCE, 
JANUARY 2020 TO JULY 2021, ENGLAND 
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Backgrounds: Reinfection after primary SARS-CoV-2 infection is uncommon in adults, but little is known 
about the risks, characteristics, severity or outcomes of reinfection in children. 
Methods: We used national SARS-CoV-2 testing data in England to estimate the risk of reinfection Ó90 
days after primary infection from 01 January 2020 to 31 July 2021, which encompassed both the Alpha 
and Delta waves in England. Disease severity was assessed by linking reinfection cases to national 
hospitalisation, intensive care admission and death registrations datasets. 
Results: Reinfection rates closely followed community infection rates, with a small peak during the Alpha 
wave and a larger peak during the Delta wave. In children aged Ò16 years, there were 688,418 primary 
infections and 2,343 reinfections. The overall reinfection rate was 66·88/100,000 population, being higher 
in adults (72·53/100,000) than in children (21·53/100,000). Reinfection rates after primary infection were 
0·68% overall, 0·73% in adults and 0·34% in children. Of the 109 reinfections in children admitted to 
hospital, 78 (72%) had underlying comorbidities. Hospitalisation rates were similar for the first (64/2343, 
2·73%) and second episode (57/2343, 2·43%). Intensive care admission was rare after primary infection 
(n=7) or reinfection (n=4), mainly in children with comorbidities. 44 deaths occurred after primary infection 
within 28 days of diagnosis (44/688,418, 0·01%), none after possible reinfections.  
Conclusions/Learning Points: The risk of SARS-CoV-2 reinfection is strongly related to exposure due 
to community infection rates, especially during the Delta variant wave. Children had a lower risk of 
reinfection than adults, but reinfections were not associated with more severe disease or fatal outcomes.
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Backgrounds: Multidrug resistant bacteria (MDRB) infections are a rising concern, especially those 
associated with healthcare environments. The aims of this study were to describe the characteristics of 
MDRB colonizations in paediatric patients admitted to a Haemato-Oncology ward and to establish the risk 
of having a MDRB infection in a patient previously colonised. 
Methods: Multicentre prospective observational study from May 2021-March 2022 in Spain. Patients < 18 
years with diagnosis of cancer or hematopoietic stem cell transplantation (HSCT) admitted to Hemato-
Oncology wards, were included. Rectal and nasal swabs for MDRB detection were performed at inclusion 
and periodically during a 90-day follow-up period. Active infection surveillance was performed during 
follow-up. Data of colonization at baseline is presented. 
Results: 111 patients were included: Median age was 8 (±5,5) years and 60 (54,1%) were women. Most 
common diagnosis were leukemia (52;46.8%), solid tumour (43;38.7%), sickle cell disease (SCD) 
(6;5.4%) and lymphoma (4;3.6%). 20 (18%) had undergone a HSCT. 14 (12.6%) had a MDRB 
colonization at baseline and 3 (2.7%) a double colonization. MDRB detected were ESBL-producing 
enterobacteria (7;50%), carbapenemase-producing enterobacteria (6;42.9%), MDR-Pseudomonas 
(2;14.3%) and MRSA (1;7.1%). No MDR-Acinetobacter or vancomycin-resistant Enterococcus were 
detected. The main ESBL-producing enterobacteria was E. coli (75%) and the main carbapenemase 
detected, VIM (66.7%). Risk factors for MDRB colonization were SCD diagnosis (p=0.03) and a previous 
colonization (p<0.01). Children with colonizations were more likely to have a HSCT and their fatherôs were 
more likely to have been born abroad, with no statistical 
significance. 



 
Conclusions/Learning Points: Rates of ESBL and carbapenemase-producing enterobacteria 
colonization in a cohort of paediatric patients with cancer or SCT in Spain was high. Children with SCD 
and a previous colonization have a higher risk
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EPIDEMIOLOGY AND OUTCOMES OF GRAM-NEGATIVE BACTEREMIA IN A TERTIARY 
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Backgrounds: Gram-negative bacteremia (GNB) is associated with a significant rate of morbidity and 
mortality in adults. Moreover, resistances to antibiotics are increasingly described in surveillance reports. 
However, the epidemiology and outcomes of GNB in children are not well known. We aimed to analyze 
GNB bacteremia in pediatric patients in a tertiary hospital over a three years period. 
Methods: A retrospective, observational study of bacteremia episodes caused by Enterobacteriaceae or 
non-fermentative GNB in pediatric patients between January of 2018 and December 2020 in a Tertiary 
Hospital from Madrid, Spain, was carried out through microbiology charts and clinical records. 
Demography, comorbidities, risk factors and infection characteristics were recorded, and bacterial strain 
and antibiotic resistance were registered. Three primary endpoints were defined: mortality, bacteremia 
persistence and recurrence. A statistical analysis was applied to assess differences in these outcomes 
according to the risk factors. A multivariable logistic regression analysis was used to assess the 
association between bacteria resistance and mortality. 
Results: One hundred eighteen cases of GNB in one hundred and seven patients were included. The 
characteristics of the patients are shown in Table 1. In fifty-three cases (44.9%) GNB presented 
resistance to at least one group of antibiotic and in nine (7.6%) were multidrug-resistant (Table 1). The 
incidence of resistance rates by years were stable. Indwelling urinary catheterization was a risk factor 
associated to mortality [OR 3.48 (1.20-10.6)] and parenteral nutrition was related to persistent bacteremia 
[OR 7.69 (1.1-209)]. No relation between drug resistance and mortality was observed in multivariable 
analysis. 



 
Conclusions/Learning Points: GNB represented an important problem in our institution, mainly related 
to neonatal intensive care and heart surgery. Antibiotic resistance was common. Patients that carried 
invasive care devices presented higher rates of bacteremia persistence and mortality.
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Backgrounds: Gram-negative bloodstream infections (GNBSI) in children are of increasing concern, 
being associated with significant mortality and antimicrobial resistance. There are few population-based 
data to describe the risk factors and clinical outcomes from GNBSI in children. We established a 
surveillance study of GNBSI through the Australian Paediatric Active Enhanced Disease Surveillance 
(PAEDS) network. Here are the findings from the first 2 years (2019-2020). 
Methods: Active surveillance commenced in five Australian tertiary paediatric hospitals in January 2019. 
Patients aged <18 years with a pathogenic Gram-negative organism in blood culture and suspicion of 
systemic infection were included. Clinical features, risk factors, antimicrobial therapy and outcomes 
including length of hospital and intensive care unit (ICU) stay, 30-day and in-hospital mortality, and 
complications associated with hospitalisation were recorded. 
Results: From January 2019 to December 2020, there were 639 episodes of GNBSIs in 565 children, 
and 679 isolates identified. The median age was 2.9 years (IQR 0.5-7.7 years) and 59% were male. 53% 
were community onset and 72% occurred in children with comorbidities. Malignancy was the most 
common comorbidity (36%). Intravascular device was the source for 26%. Microbiology is shown in 
Figure 1. 13% were already in ICU at time of GNBSI onset with an additional 13% requiring ICU 
admission. Median duration of hospitalisation was 14 days (IQR 8-35 days). There were 42 deaths from 
all causes (7%) during admission, with GNBSI contributory to 60% of deaths. Nine deaths occurred within 
30-days (1.4%), with no significant differences in those with/without comorbidities (1.3% vs 1.8% p-
value=0.71). 



 
Conclusions/Learning Points: GNBSI in children are associated with significant mortality and over half 
are healthcare associated, with a notable proportion requiring ICU admission.
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Backgrounds: Human adenovirus (hAdV) infection constitutes an important cause of morbidity and 
mortality in immunocompromised patients as solid organ transplant (SOT) and hematopoietic stem cell 
transplant (HSCT) recipients. Cidofovir is the most prescribed treatment even though its use is 
controversial specially in asymptomatic patients. Strategies like reducing immunosuppression, or 
lymphocyte infusions have not yet been well described. This study aims to describe the impact and 
therapeutic management of hAdV infection in immunocompromised patients 
Methods: Retrospective study examining episodes of positive hAdV viremia (>1.000 copies/mL) in 
immunocompromised hosts during a four-year follow-up (2017-2021) at a reference centre. Demographic, 
clinical, epidemiological, and microbiological data, lymphocyte count, therapeutic management, and 
outcome were collected and analysed. 
Results: 49 immunosuppressed patients (median age 9 years; interquartile range IQR 1.0-16.0) were 
included. Main causes of immunosuppression were HSCT (38/49: 77.6%), hematologic malignancies 
(30/49; 61.2%), and SOT (11/49: 22.4%). 25 patients (51%) were symptomatic (mainly febrile syndrome 
and diarrhoea). Thirteen patients (26.5%) presented a viral coinfection with CMV or BK virus. Cidofovir 
was prescribed in 24 patients (49%). Other therapeutic measures included administration of intravenous 
immunoglobulins (18.4%), reducing immunosuppression (14.3%) and memory T-cell infusion (12.2%). 
Cidofovir use was significantly (p<0.05) associated with presence of hAdv symptoms, lower lymphocyte 
count, ICU admission and high viral load (Table 1). Despite treatment, 11 patients (45.8%) presented 
persistent positive viremias (associated with lower lymphocyte count p<0.05) and three patients died 
because hAdV infection (acute liver failure, septic 
shock). 



 
Conclusions/Learning Points: hAdV infections had high morbidity and mortality in our series. Patients 
with low lymphocyte count are at higher risk of persistent positive viremias and short-term survival. We 
did not observe a clear association between resolution of infection and Cidofovir use.
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Backgrounds: Cytomegalovirus (CMV) infection is the most common viral infection after liver 
transplantation (LT). Preemptive therapy (PET) is an alternate approach in which antiviral therapy is 
initiated for early asymptomatic CMV viremia. However, the optimal viral load (VL) cut-off for initiating 
PET remains controversial. Therfore, this study aimed to evaluate the incidence of CMV infection, risk 
factors, and outcomes of PET after using different VL cut-offs in pediatric LT. 
Methods: We retrospectively reviewed 126 patients aged 0-18 years who underwent LT between March 
2011 and August 2020. CMV viremia was regularly monitored using quantitative nucleic acid amplification 
in all patients. Data on clinical characteristics and potential risk factors, including CMV serostatus, acute 
cellular rejection (ACR), and immunosuppressive drugs were collected. CMV infection and diseases were 
defined according to International guidelines. Additionally, clinical outcomes for starting PET at low VL 
cut-off (< 2000 copies/mL) and high VL cut-off (Ó 2000 copies/mL) were compared. 
Results: In total, 90 of 126 patients (71%) developed CMV infection with a median onset of 30.2 days 
(Interquartile range (IQR) 13, 39). In a univariate analysis, factors associated with CMV infection included 
younger age, CMV D+/R-, ACR, and higher corticosteroid dosage. Only corticosteroid dosage remained 
associated with CMV infection in a multivariate analysis [adjusted odds ratio (OR) 116.9; 95% confidence 
interval (CI) 17.75-770.98; p<0.001]. Recurrent CMV infection, CMV diseases, ACR, and Epstein-Barr 
Virus infection did not differ significantly between the low and the high VL cut-off groups. 
Conclusions/Learning Points: The incidence of CMV infection was high in pediatric LT. Higher 
corticosteroid dosage was associated with CMV infection. Additionally, using CMV VL cut-off at 2000 
copies/mL for initiating antiviral therapy seems to be a practical and effective strategy to prevent CMV 
diseases.
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Backgrounds: Epstein-Barr virus (EBV) infections cause significant morbidity and mortality in pediatric 
SOTR. Post-transplant lymphoproliferative disorder is a devastating complication of EBV infection in 
SOTR. Contemporary data on rates of EBV DNAemia and subsequent PTLD in pediatric SOTR are 
limited. 
Methods: A retrospective cohort study of patients Ò 21 years of age who received lung, heart, liver, 
kidney, or multi-organ transplants at TCH between 2010-2018 was completed. Primary outcome was 
quantifiable EBV DNAemia. Associations with EBV DNAemia were measured using Fisher exact test and 
multivariate logistic regression. Survival analysis and time to EBV DNAemia were assessed using Kaplan-
Meier method. 
Results: Among 687 SOTR, 43% (295) had quantifiable EBV DNAemia; this included 45% (39/87) lung, 
62% (161/259) liver, 39% (59/152) heart, 64% (9/14) multi-organ, and 15% (27/175) kidney recipients. 
Median time to quantifiable DNAemia for patients that developed EBV was 573 (0 ï 3237) days (Figure 
1). High-risk EBV status (D+/R-) [OR 2.76, 95% CI (1.6 ï 4.7), and having a liver transplant [10.84 (6.4 ï 
18.4)] were associated with the development of EBV DNAemia. DNAemia was not associated with sex, 
ethnicity, or era of transplantation. Induction therapy was collinear with organ transplanted and could not 
be assessed. There was no difference in survival during the study follow-up period (1ï9 years) for SOTR 
with vs. without DNAemia (p=0.08). Overall PTLD occurred in 4% (26/687) of SOTR; this included 6% 
(5/87) lung, 2% (6/259) liver, 8% (12/152) heart, 0% (0/14) multiorgan, and 2% (3/175) kidney 
recipients. 



 
Conclusions/Learning Points: This large contemporary cohort of pediatric SOTR demonstrates high 
overall rates of EBV DNAemia and relatively low rates of PTLD. Heart SOTR had the highest rate of 
PTLD, suggesting that further interventions targeting this group may be warranted.
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Backgrounds: In adults, there is a high risk of recurrent TB after successful treatment, however limited 
data is available in children. The aim of this study was to determine burden and risk factors of TB 
recurrence in children. 
Methods: Retrospective descriptive study of TB recurrence in children aged 0-13 years presenting with 
presumptive pulmonary TB in Cape Town, South Africa from March 2012 to November 2017. Recurrent 
TB is defined as >1 episode TB treatment (both confirmed or clinically diagnosed disease). 
Results: Data of 608 children were reviewed for TB recurrence, the median age was 16.7 months 
(interquartile range, IQR: 9.5-33.3), 324 male (53.3%) and 72 living with HIV (LHIV, 11.8%). A total of 
52/608 (8.4%) of all children had reported previous treatment for TB. Of these, 28 were treated again as 
TB cases, and 2 were excluded due to misdiagnosis of TB at previous episode. Recurrent TB was thus 
seen in 26/281 (9.3%) of current TB cases. 8/26 (30.8%) of children had the same TB contact as the 
previous episode. Current TB episode was confirmed in 11/26 (42.3%) with median time-lapsed since 
previous episode of 21 months (IQR: 16.3-45). Underlying comorbidities were seen in 19/26 (73.1%) of 
the children, all HIV infected and some with malnutrition (8/26) and chronic lung disease (3/26). Two 
thirds of children LHIV reported poor adherence to antiretrovirals (84.2%) and low CD4 counts. 
Conclusions/Learning Points: Recurrent TB was common in this young cohort of children with PTB. 
Children LHIV are at significantly higher risk for recurrent TB. More data is needed to identify other risk 
factors for recurrent TB and long-term follow up for repeated recurrence and post TB lung 
disease. 



 Figure 1: Identification of children with recurrent TB


