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Abstract

Background: Immunizations have led to a decrease in the incidence of invasive meningococcal 
disease (IMD) in Canada, but this infection still leads to significant morbidity and mortality.

Objectives: The purpose of this study was to determine the burden of illness and management 
of IMD in paediatric hospitals.

Methods: Data were collected on all cases of IMD in eight paediatric hospitals from 2013 to 
2017.

Results: There were 17 cases of IMD. Three of eight hospitals had no cases. Just over half 
of the cases were serogroup B (n=9); a quarter (n=4) were serogroup W; less than a quarter 
(n=3) were serogroup Y; and one was unknown. Two infected children were not started on 
antibiotics until day one and day five after the initial blood culture was collected, but had 
uneventful recoveries. Six cases required admission to intensive care units; two died. Six cases 
had probable or proven meningitis. Thrombocytopenia was documented in seven cases. All 
cases had elevated C-reactive protein levels. Seven children received more than seven days 
of antibiotics; of these seven, only two had complications that justified prolonged therapy 
(subdural empyema and septic knee). Six cases had a central line placed.

Conclusion: IMD is now rare in Canadian children, but about one-third of the cases in our study 
required treatment in the intensive care unit and two died. Clinicians appear to not always be 
aware that a five to seven-day course is adequate for uncomplicated cases of bacteremia or 
meningitis.
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Introduction

Invasive meningococcal disease (IMD) manifests as bacteremia 
with or without seeding to other sites including the meninges. 
Despite marked advances in intensive care, IMD still leads to 
significant morbidity and mortality worldwide, with rates of over 
200 cases per 100,000 population in some countries in select 
years (1).

An increasing number of cases due to a virulent serogroup C 
strain from the sequence type 11 (ST-11) clonal complex (CC) 
was first noted in 1986 in Canada, with outbreaks occurring 
in 1999–2001 (2). In response to these outbreaks, monovalent 
serogroup C meningococcal vaccines were added to routine 
infant immunization programs across Canada in 2002 through 
2007 (2). All jurisdictions provide one dose at 12 months of 
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age and some also provide doses at younger ages (3). One 
dose of quadrivalent vaccine is now provided to adolescents in 
Canada with the exception of Québec, where a booster dose of 
monovalent C vaccine is given (4).

The incidence of IMD in Canada has decreased from 
approximately 1.5 cases per 100,000 population in 1990–1992 
to 0.5 cases per 100,000 in 2006–2011 (5), primarily due to the 
virtual disappearance of disease due to serogroup C (6).

Up-to-date national data on uptake of infant or adolescent 
meningococcal vaccines in Canada are not available, but 
extrapolating from other vaccines, it seems likely that the uptake 
is approximately 85% for the infant vaccine and somewhat lower 
for the adolescent vaccine (7). Vaccine efficacy is difficult to 
study given the rarity of IMD, but waning of titres (8) and vaccine 
failures (9) have been described with monovalent C vaccine in 
other countries. To date, there is no evidence that serotype 
replacement has occurred with meningococcal vaccines in 
Canada (3,6) or elsewhere (10).

National data on IMD have appeared in peer review publications 
since 2011 (5). The objective of this study was to describe the 
characteristics, management and outcomes of children with IMD 
in paediatric tertiary care hospitals in Canada in recent years.

Methods

This retrospective chart review study was conducted by the 
Paediatric Investigators Collaborative Network on Infections in 
Canada (PICNIC) at eight participating tertiary care paediatric 
hospitals in Halifax, Montréal, Ottawa, Kingston, Hamilton, 
London, Winnipeg and Edmonton. IMD was defined as a 
positive blood culture for Neisseria meningitidis. At each 
of the sites, the local laboratory identified inpatients and 
outpatients, aged up to and including 17 years, with positive 
blood cultures for N. meningitidis, from January 1, 2013, through 
December 31, 2017. Cases of bacteremia with positive blood 
cultures for species other than N. meningitidis were excluded. 
There were no other exclusions.

Chart reviews were then conducted for cases identified by the 
laboratories. Data on demographics, clinical course, treatment 
and outcome for eligible cases were entered into REDCap 
(Research Electronic Data Capture), a secure web application 
for building and managing online surveys and databases hosted 
by the University of Alberta. Given the small sample size, data 
analysis was limited to descriptive statistics.

Approval to conduct the study was obtained from the ethics 
review board at each site.

Results

Characteristics of cases of invasive 
meningococcal disease

From 2013 through 2017, five of the eight participating sites 
reported 17 cases of N. meningitidis bacteremia, with four cases 
reported annually in 2013 and 2014, and three cases annually in 
2015, 2016 and 2017. The remaining three sites had no cases of 
bacteremia due to N. meningitidis.

Five cases of bacteremia due to other Neisseria species were 
excluded: two cases of N. sicca, one each of N. mucosa and 
N. gonorrhea and one of an unidentified species. Just over 
half of the cases (n=9) were serogroup B; a quarter (n=4) were 
serogroup W; less than a quarter (n=3) were serogroup Y; and 
one was an unknown serogroup (Figure 1).

Of the 17 children, 13 were boys and six were younger than 
12 months (Figure 1). Two cases had major underlying conditions: 
a two-month-old had repaired gastroschisis and a one-year-old 
had intestinal failure, neither of which has been linked to IMD. 
However, a two-year-old case was subsequently diagnosed with 
complement component 8 deficiency, which does increase the 
risk of IMD.

Clinical course of cases
Three patients were transferred to the participating sites from 
smaller hospitals for unknown reasons. All but two were admitted 
on the day the blood culture was collected and were started 
on empiric antibiotic therapy that covered N. meningitidis. A 
febrile two-month-old patient with repaired gastroschisis was 
sent home and admitted for antibiotics the following day when 
the blood culture was found to be growing gram-negative 

Figure 1: Age and serogroup of cases of invasive 
meningococcal disease (n=17) at eight tertiary 
care paediatric hospitals in urban centres, Canada, 
2013–2017
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bacilli. A three-year-old patient with no history of fever was 
admitted five days after blood was sampled for culture when 
growth of N. meningitidis was found; the reason for obtaining 
the blood culture was unknown and the child remained 
bacteremic at admission. Both cases with delayed treatment had 
uncomplicated courses.

Data on fever were available for 15 cases. With the exception of 
the three-year-old mentioned above who was never febrile, all 
had fever prior to or within 24 hours of admission to hospital. 
Three children remained febrile for longer than 72 hours after 
appropriate antibiotics were started; all had probable meningitis.

Six of the 17 cases required admission to intensive care unit 
(ICU), with four requiring mechanical ventilation. Two of the 
patients, a 16-year-old with serogroup Y and a one-year-old 
with serogroup B, died on day 5 and day 18 of their ICU stay, 
respectively; both had extensive necrotic tissue. The four other 
patients stayed in the ICU for 1, 2, 6 and 22 days. The child with 
the longest stay required bilateral below-knee amputations.

Laboratory findings
It is not known how many of the 17 children had lumbar 
punctures for a definitive diagnosis of meningitis, but two cases 
were proven meningitis and four were probable meningitis. The 
two proven cases, with N. meningitidis identified in cerebrospinal 
fluid (CSF), were a two-month-old and a two-year-old.

The first two probable cases were a two-month-old and 
seven-month-old with sterile CSF with pleocytosis (obtained 
after antibiotics); the seven-month-old developed a subdural 
empyema. The other two probable cases were the 16-year-old 
who died and a one-year-old who presented with a febrile 
seizure and was sent home on amoxicillin three days prior to 
the positive blood culture being drawn; neither had a lumbar 
puncture performed. Other sites of infection included septic 
arthritis of the knee in a two-year-old and circumferential 
cellulitis of the arm that was initially thought to be compartment 
syndrome in a one-month-old.

Initial peripheral white blood cell count ranged from 2.0 to 36.9 
× 109/L (mean 17.1 × 109/L), with peak white blood cell count 
ranging from 13.7 to 40.9 × 109/L (mean 24.3 × 109/L). Seven 
children had thrombocytopenia (<150 × 109/L). Mean peak 
C-reactive protein levels were 121 mg/L in the nine cases where 
it was measured (range: 50.7–189.9 mg/L).

Antimicrobial therapy
The median duration of antibiotic therapy for IMD was seven 
days (minimum five days and maximum 17 days). Seven children 
received courses of antibiotic therapy that exceeded seven days; 
only two, the cases of subdural empyema and septic arthritis, 
clearly required a course of antibiotics longer than seven days.

Treatment was with ceftriaxone in all but one case; this patient 
was treated with cefotaxime. Patients were admitted for the 

entire course of intravenous antibiotics except for one who 
was treated on their sixth (and final) day as an outpatient. Oral 
antibiotics were used only for the child with septic arthritis 
who received seven days of amoxicillin-clavulanate treatment 
following eight days of ceftriaxone.

Ten patients were managed with peripheral intravenous (IV) 
cannulation only; of the remaining seven cases, one child already 
had a peripherally inserted central line (PICC) for intestinal 
failure, three children had traditional central lines placed, two 
children had PICCs inserted and one patient who was admitted 
to ICU had more than one central line inserted.

Discussion

There were 17 cases of IMD in eight Canadian paediatric 
hospitals over a five-year period. Although there are no data 
for previous years, from 2013 to 2017 there was less than one 
case per centre every two years, which is low considering that 
these are primarily regional referral centres. This success may be 
attributed to infant and adolescent immunization programs. Still, 
about one-third of the children required ICU admission and two 
died.

Although this is a small number of cases, a hypervirulent clone 
that is not well covered by the current vaccines could lead to a 
much larger outbreak. For example, there are concerns that the 
hypervirulent serogroup W ST-11 CC is emerging in Canada (11). 
Serogroup W accounted for 19% (15/80 cases) of all cases of 
IMD in 2016 (11) versus 24% of cases in the current study. The 
ST-11 CC was first detected in Canada in 2014, but accounted for 
85 of 93 serogroup W cases (91%) in 2016–2018 (11). This clone 
appears to primarily infect adults; it is possible that adolescent 
immunization has prevented disease in immunized children and 
indirectly prevented disease in younger siblings by preventing 
carriage.

The most common serogroup in IMD in children in Canada (6) 
and the United States (10) is B. An infant and an adolescent 
monovalent B vaccine are now licensed in Canada but are 
not used routinely due to the large number needed to 
vaccinate (NNV) to prevent one case of IMD (3). The relatively 
small absolute number of cases due to serogroup B infection 
in the current study (nine cases in eight centres over five years) 
supports that decision. The first dose of vaccine can be given at 
two months of age (depending on the province), but one dose 
is probably not sufficient to prevent IMD. Unlike serogroup C 
vaccines, the serogroup B vaccine licensed for infants does not 
prevent carriage so widespread use in the population may not 
prevent disease in young infants (12).

Management of IMD in Canada could be improved. Seven of 
the 17 cases received more than seven days of antibiotics (a 
five to seven-day course is recommended for bacteremia or 
meningitis) (13); only two of the seven cases had an indication for 
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longer therapy (subdural empyema and septic arthritis). Clinicians 
assume that an infection with an approximately 10% mortality 
rate (14) warrants a longer course of antibiotics, but this prolongs 
hospital stay and often necessitates placement of a central line.

Strengths and limitations
The strength of this study is that it provides data on management 
and outcomes for IMD in Canada in recent years. The major 
limitation is that the study is not population based; some of the 
eight participating sites have no defined catchment area.

In addition, not all Canadian paediatric tertiary care hospitals 
participated in the study. What’s more, children with an 
uncomplicated course or with rapid demise may never be 
admitted to a tertiary care hospital. Another limitation is that 
follow-up data were not collected; long term sequelae are 
typically not apparent at discharge.

Some of the longer courses of antibiotics may have been 
prescribed for legitimate indications that were not documented 
in patients’ charts. Other limitations are that only eight centres 
were involved and immunization status was not available.

Conclusion
IMD is now a rare condition in Canadian paediatric hospitals, 
although over one-third of cases identified in eight paediatric 
hospitals from 2013 to 2017 required ICU admission and two 
died. Many residents in training may never see a case. In this era 
of antimicrobial stewardship, clinicians should be reminded that 
a long course of antibiotics is rarely indicated for IMD. Ongoing 
surveillance should continue so that outbreaks are rapidly 
identified. Future studies should verify immunization status.
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