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with infants without symptoms in the 
period of 1–14 days post vaccination. CRP 
among symptomatic children was similar 
in the period of 1–7 days post vaccina-
tion (p=0.81) and marginally higher 
than asymptomatic infants 8–14 days 
post vaccination (adjusted mean differ-
ence 1.72 mg/L; 95% CI 1.10 to 2.69, 
p=0.018). Among 2.7% (9/339) infants 
with CRP of >50 mg/L, none required 
hospitalisation. Limitations include small 
samples (particularly 0–14 days prevac-
cination), selection bias and the range of 
vaccines.

A CRP rise in the 7- day postvaccination 
period was demonstrated, complementing 
high- income studies.4 Elsewhere, immuno-
genic vaccines requiring paracetamol, such 
as meningococcal B, are associated with 
significant CRP rise; therefore, a robust 
CRP immune response is expected.3 In 
several infants, CRP concentrations were 
extremely elevated (maximum 148 mg/L, 
asymptomatic). When restricting to 
asymptomatic children, the association 
remained. Infants with bacterial infec-
tions have been identified in the week 
post vaccination, and testing for infections 
is recommended.8 However, CRP alone 
may be a poor discriminator of illness post 
vaccination and should not replace clinical 
judgement.
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Contemporary aetiologies of 
medical complexity in children: 
a cohort study

Children with medical complexity (CMC) 
are a priority population in paediatric 
medicine.1–3 CMC have at least one 
chronic condition, technology depen-
dence, multiple subspecialist involvement 
and substantial healthcare utilisation.2 3 
They account for >30% of all paediatric 
healthcare spending despite comprising 

<1% of the total paediatric population.3 
In a prior retrospective study (2010–
2014), uptake of genetic testing was 
high.4 Rare genetic conditions are collec-
tively common5 and often associated with 
medical complexity and/or serious neuro-
logical impairment.1 5 The contempo-
rary aetiological landscape of childhood 
medical complexity is uncharted however.

We conducted a retrospective chart 
review of CMC enrolled in a local 
Complex Care Program over a >10- year 
period (01 January 2010–01 November 
2020) (online supplemental figure 1).6 
We extracted and critically reviewed 
phenotype and genetic testing data (online 
supplemental methods).

For 802 CMC, the median year of birth 
was 2013 (range 1999–2020) and 56% 
were male. At least one genetic test was 
performed in 88% (n=706). An addi-
tional 4% (n=31) met current clinical 
criteria for genetic testing because of 
unexplained major congenital anoma-
lies or growth/development differences. 
Putative non- genetic causes accounted for 
the remaining 8% (n=65; online supple-
mental figure 1).

Over half the CMC had a primary 
genetic diagnosis (53.9%, 95% CI: 50.3% 
to 57.4%) (online supplemental table 1). 
In nine cases, this was a partial genetic 
diagnosis (online supplemental table 1). 
Eleven children each had two genetic 
diagnoses contributing to their pheno-
type (online supplemental table 1). These 
counts do not include CMC with clinical 
diagnoses of genetic conditions for which 
there is no confirmatory test (eg, Aicardi 
syndrome), or genetic diagnoses likely 
unrelated to their major morbidities (eg, 
Klinefelter syndrome).

There were 265 different primary 
genetic diagnoses, arising from all major 
categories of genetic variation (figure 1A 
and online supplemental figure 2). Only 
nine conditions were present in five or 
more CMC (figure 1B), and 211 conditions 
were each observed in a single individual/
family (online supplemental table 1). Aside 
from Down syndrome, all conditions were 
rare diseases. Genome sequencing1 as a 
single genetic test could have detected an 
estimated 99% of the diagnoses (online 
supplemental table 1). Recurrence risks 
for parents varied from <1% to 50% 
or higher (figure 1C), underscoring the 
potential importance of identifying the 
precise molecular genetic cause(s) of their 
child’s medical complexity. A minority 
of conditions had specialised treatments 
either already available or in clinical trials 
(figure 1D). Genetic therapies were avail-
able clinically for two conditions (spinal 
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Figure 1 Individually rare genetic conditions are a collectively important contributor to 
childhood medical complexity. (A) Bar chart displaying counts of primary genetic diagnoses 
in the children with medical complexity (CMC) study cohort, by variant type(s). For situations 
of compound heterozygosity where the two variants were of different types (eg, one exonic 
single nucleotide variant and one intronic variant), each variant was assigned a weight of 0.5. 
Microdeletions and microduplications were defined as copy number imbalances <5 Mb in size. 
The ‘other’ category (not shown) includes three imprinting disorders and one mitochondrial DNA 
disorder. (B) Bar chart of 443 primary genetic diagnoses in 432 CMC, by frequency category in the 
cohort. Frequency in this cohort is not necessarily representative of incidence or prevalence in the 
general population, because of the definition of CMC and potentially the referral criteria for the 
SickKids Complex Care Program (online supplemental methods). (C) Treemap chart summarising 
estimated recurrence risk to parents for genetic diagnoses identified in their child with medical 
complexity. We included only one individual (‘proband’) from each family, thereby excluding six 
individuals from five families with the same diagnosis as the proband. The diagnoses for which 
the estimated recurrence risk to parents was >1% but otherwise uncertain, and for which the 
estimated recurrence risk to parents was unclear because parental testing was not performed, 
are annotated in online supplemental table 1. (D) Bar chart of current landscape of specialist 
treatment options and interventions for genetic conditions in the study cohort, from querying the 
Rx- Genes online compendium (rx- genes.com), the Clinical Genomic Database (CGD; research.
nhgri.nih.gov/CGD/), the ClinicalTrials.gov database and the European Union Clinical Trials Register 
(all accessed in September 2022). ‘Genetic therapies’ encapsulates, for example, gene replacement, 
gene editing and antisense oligonucleotides. Created with BioRender.com.

muscular atrophy and metachromatic 
leukodystrophy; figure 1D).

Most children in this cohort of 802 
Canadian CMC had a known or suspected 
underlying genetic condition. Studies 
relying solely on diagnostic codes from 
administrative or health systems data can 
underestimate the collective burden of 
rare genetic diseases. For example, a recent 
population- scale study estimated preva-
lence rates in CMC of ‘genetic conditions’ 
or ‘congenital/genetic (disorders)’ ranging 
from 4.5% to 36.4%.2 The diversity of 
genetic diagnoses in the CMC population 
appears unmatched by any other clinically 
defined group in paediatrics. One limita-
tion of our study is that ascertainment 
was via structured Complex Care Clinics 
in a large urban setting, in a high- income 
country with a publicly funded healthcare 
system. Detailed phenotyping and access 
to advanced genetic testing were necessary 
to reveal the breadth of genetic disease 
in this cohort. Conversely, more compre-
hensive genetic testing like genome- wide 
sequencing was not performed in many 
children in this study cohort (online 
supplemental figure 1). Those CMC who 
remained undiagnosed after one or more 
genetic tests may ultimately be found to 
have rare or novel genetic conditions 
detectable by genome- wide sequencing.1

In summary, these findings provide a 
detailed picture of the aetiological land-
scape of childhood medical complexity. 
Diagnostic and therapeutic odysseys are 
common in the CMC population. Recog-
nising the collective impact of rare genetic 
diseases is important when setting health-
care and research priorities.
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Trends in varicella 
epidemiology among an 
unvaccinated population: first 
results from Libya

Varicella- zoster virus (VZV) is a highly 
infectious virus that causes varicella 
(chickenpox). The global numbers of inci-
dent and death cases due to VZV infection 
were 83 963 744 and 14 553, respectively.1 
Most infections occur during childhood; 
however, in 10% to 20% of the cases, the 
virus remains latent in neural ganglia and 
can reactivate later, causing herpes zoster 
(shingles) in older age groups and immu-
nocompromised people.2 The infection is 
transmitted from person to person mainly 
by inhaling aerosols of the respiratory 
tract secretions from the infected people. 
The VZV infection can be transmitted 
by direct contact with the upper respi-
ratory tract and mucus membrane of the 
conjunctiva and the contaminated fluids 
of skin lesions of the infected persons and 
the infection usually develop into clinical 
disease in susceptible individuals.3 The 
disease is characterised by pruritic, macu-
lopapular, vesicular rashes that progress 
into non- infectious dry crusts over 3 to 
7 days. The symptoms are usually mild 
to moderate and self- limited, but some-
times severe symptoms such as pneu-
monia, secondary bacterial infections 
and even death can occur. The vaccine is 
effective in preventing VZV and highly 
effective in preventing severe symptoms 
of the disease. In several countries, the 
mandated VZV vaccination programmes 
have strengthened herd immunity among 
the population and significantly reduced 
the disease incidence and morbidity.4

There are no published epidemiolog-
ical data about VZV epidemiology in 
Libya; therefore, we conducted this study 

to examine the burden and age- specific 
trends of VZV in the unvaccinated Libyan 
population over a period of 18 years.

The data of VZV cases between January 
2003 and December 2020 were retrieved 
from the medical records of the Tobruk 
Medical Centre, eastern Libya. The Tobruk 
Medical Centre is a public tertiary referral 
hospital located in Tobruk city. All medical 
records are paper records; all varicella 
cases registered in Tobruk Medical Centre 
were reviewed. The available data about 
VZV cases include age, gender, address, 
nationality and date of infection. Data 
were described using descriptive statistics, 
ages were presented as mean±SD and a 
χ2 test was used to highlight any statisti-
cally significant variables, where p value 
<0.05 was considered statistically signif-
icant in all tests. Data analysis was under-
taken using SPSS computer software for 
Windows (V.23). Three hundred and two 
VZV cases were registered over the study 
period, of which 43% were female and 
57% were male. The mean age was 12.8 
years (±SD 11.3 years). The annual case 
numbers ranged from 2 cases in 2011 to 
51 cases in 2008 (figure 1).

Annual cases per age group are shown 
in figure 1. Of the 302 reported cases, 
74 (24.5%) were in the age group of 0–4 
years, 120 (39.7%) aged 5–14 years and 
69 (22.8%) cases were aged 15–24 years. 
Thirty- nine cases of VZV occurred in 
adult patients over 25 years of age. The 
highest rate of incidence was among the 
school- age group (5–14 years) followed by 
the preschool- age group (0–4 years), and 
the age group (15–24 years) is consistent 
with previous studies.5

VZV infection occurred throughout 
the year; however, there was significant 
seasonal variation in the disease occur-
rence. The number of occurrences of VZV 
cases was higher in the spring (from March 
to May) and in early summer (from June 
to July) than in autumn (from September 
to November) and winter (from December 
to January) (p<0.05) (figure 1). Similar 
findings have been reported previously in 
a study in Korea.6

There were two peaks in chickenpox 
incidence in the study period; the first 
peak appeared in 2008 with 51 cases, 
and the other two peaks are seen in 2017 
and 2018, 36 and 37 cases, respectively, 
most of which were children of school 
age. These outbreaks may have occurred 
because of social mixing in schools or 
nurseries.

In this study, some relevant informa-
tion related to the clinical information 
was not available in the hospital medical 
records; this includes the number of 
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