
796       August 2021, Vol. 111, No. 8

RESEARCH

Febrile seizures (FSs) account for 48 - 62% of seizure types in 
paediatric emergency departments,[1-3] making them the most 
frequent type of acute seizures affecting children aged <5 years.[4] 
FSs are defined by the American Academy of Paediatrics (AAP) as 
a seizure occurring in febrile children aged 6 - 60 months, without 
intracranial infections, metabolic disturbances or a history of afebrile 
seizures.[5] The aetiology of FSs is not well understood; however, a 
genetic predisposition may play a role.[6,7] Most FSs are provoked 
by febrile illnesses associated with certain viral infections such as 
human herpesvirus-6 (HHV-6), rotavirus causing gastroenteritis, and 
influenza A respiratory infections.[8-10]

Although generally benign, FSs require urgent medical attention 
and significantly contribute to the burden of paediatric emergency 
visits at health facilities worldwide. Furthermore, FSs are a terrifying 
experience for parents and cause them significant anxiety.[11,12] It is 
estimated that 2 - 5% of children in Europe and North America will 
visit a paediatric emergency department for a FS before the age of 
5 years;[13,14] estimates in Asia are reportedly higher at 8 - 10%. [15] 
However, epidemiological studies describing FSs in Africa are 
limited, and the inclusion of acute afebrile or unprovoked childhood 

seizures as well as an inconsistent age definition often confound the 
estimates.[16-19]

Objectives
To determine the incidence of FS hospitalisations in children 
6 - 59  months of age in Soweto, South Africa (SA), as well as to 
investigate factors associated with FS hospitalisations.

Methods
Study design and population
This study was a secondary analysis of data derived from a cohort of 
39 836 children enrolled into a phase III trial evaluating the efficacy 
of a 9-valent pneumococcal conjugate vaccine (PCV-9) conducted in 
Soweto, as described.[20] Healthy children were enrolled at 6  weeks 
of age, from 2 March 1998 until 30 October 2000. Children were 
excluded if they had neurological disorders or a history of seizures, 
or if they were likely to move out of Soweto during the study 
period. Follow-up for hospitalisation was conducted by means of 
24-hour hospital-based surveillance by study staff in the Chris Hani 
Baragwanath Academic Hospital (CHBAH) paediatric wards until 
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October 2005. CHBAH is a secondary-tertiary hospital that serves 
~90% of children from Soweto requiring hospitalisation. Children 
enrolled in the trial who were hospitalised during the study period 
were examined by study doctors who completed a case report 
form recording patient demographics, clinical signs, symptoms 
and outcome. Children suspected to have lower respiratory tract 
infections (LRTIs) had blood taken for culture, chest radiographs 
performed, collection of nasopharyngeal aspirates (NPAs) and were 
tested for HIV. Respiratory viruses were identified from NPAs 
using immunofluorescent assays detecting influenza A, influenza 
B, respiratory syncytial virus (RSV), adenovirus and parainfluenza. 
HIV testing was done through enzyme-linked immunosorbent assays 
in children aged ≥18 months and by polymerase chain reaction in 
children aged <18 months. Study doctors did not take part in the 
management and care of the children after diagnosis.

The standard care for children hospitalised for FSs at CHBAH 
included establishing the cause of the fever and excluding intracranial 
or biochemical causes, e.g. any signs of meningitis. Antiepileptic 
medication would have been given if the child was still convulsing 
on arrival at the hospital. A lumbar puncture would have been 
done on some children with FSs to exclude bacterial meningitis. 
Children would have been hospitalised at least overnight for 
observation. Investigations involving skull radiographs, brain 
computed tomography scans, magnetic resonance imaging and 
electroencephalograms were not routinely performed.

Ethical approval for this secondary analysis was obtained from the 
Human Research Ethics Committee (Medical) at the University of the 
Witwatersrand, Johannesburg (ref. no. M180148).

Data analyses
Hospitalisations for FSs were identified using the International 
Classification of Diseases and Related Health Problems, 9th revision 
(ICD-9), codes in use at the time of the primary study. Using the AAP 
guidelines, any hospitalisation occurring from ages 6 to 59 months 
with either a primary or secondary discharge diagnosis of an ICD-9 
coding of 780.3 was included. Multiple hospitalisations for FSs for the 
same child were included as separate events, provided that the episode 
occurred 14 days after the previous episode. Age at hospitalisation 
was categorised into the following groups: 6 - 11, 12 - 23, 24 - 35 
and 36 - 59 months. Gestational age was categorised as <37 weeks 
(preterm) or ≥37 weeks (term). The maximum body temperature was 
measured as an axillary temperature and categorised into <39ºC and 
≥39ºC. Acute otitis media was recorded as a dichotomous variable. 
Children with unknown HIV status were assumed to be negative 
based on the assumption that if they were positive they would have 
presented with clinical signs and therefore been tested at some point 
during the 5 years of follow-up.

Incidence was calculated by person-time analysis and included the 
full cohort of children enrolled and randomised. The person time 

contributed by each child was calculated from the age of 6 months 
and censored on the 5th birthday or when the child died, whichever 
occurred first. Each child only contributed once to the total person 
time. The numerator was the total number of FS hospitalisations 
that occurred during the time at risk, and the denominator was 
the total person time contributed by enrolled children. Rates were 
expressed per 1 000 person-years with 95% confidence intervals 
(CIs). Incidence rates were stratified by age group and treatment 
group (9-valent pneumococcal conjugate vaccine (PVC-9) and 
placebo; per protocol population).

A subset of the cohort, those who were hospitalised during the 
follow-up period, was used to investigate factors associated with FS 
at the point of hospitalisation using univariable and multivariable 
logistic regression analysis. Factors that were investigated included 
vaccination status (PVC-9 or placebo), sex, gestational age, maximum 
body temperature, presence of acute otitis media, HIV status and age 
at hospitalisation. Crude odds ratios (ORs) and adjusted ORs were 
determined, and p-values ≤0.05 were considered significant.

Not all hospitalised participants had NPAs done for viral 
identification, so the association between these pathogens and FS 
hospitalisation was investigated separately from the main model 
through univariable logistic regression models. The number of 
influenza A hospitalisations throughout the study period was plotted 
together with the number of FS hospitalisations to investigate for 
temporal association between the two. All regression models were 
fitted using generalised estimating equations (GEEs)[21] to account for 
the correlation resulting from multiple hospitalisations in the same 
participant. Data were analysed using Stata 14.0 (StataCorp, USA).

Results
Description of hospitalisations
A total of 10 149 hospitalisations occurred among 39 830 children 
during the follow-up period, with 7 126 hospitalisations in children 
aged 6 - 59 months (Fig. 1). Of the 7 126 children hospitalised, 
780 (11.0%) had FSs, including 387/3 525 (11.0%) in the PCV-9 
group and 393/3 601 (10.9%) in the placebo group. Seventy-nine 
FS episodes (10.1%) occurred in the age group 6 - 11 months, 287 
(36.8%) in the age group 12 - 23 months, 233 (29.9%) in the age group 
24 - 35 months and 181 (23.2%) in the age group 36 - 59 months. 
Of the 780 children with FSs, 463 (59.4%) had lumbar punctures 
done and none had bacterial meningitis. The median (interquartile 
range) age of children with FSs was 25.0 (17.2 - 34.8) months. Of the 
FS hospitalisations, 325 (41.7%) were of females and 454 (58.3%) of 
males (n=779). The majority (71.9%; n=561) of children diagnosed 
with FS were hospitalised for a median of 1 day (range 0 - 13).

Of the children with FS hospitalisation, 14.3% (n=92/645) went 
on to experience two or more episodes. Three or more FS episodes 
during the follow-up period were only observed in children who had 
their first FS before 36 months of age (Table 1).

Table 1. Number of children hospitalised for FSs stratified by age at first FS hospitalisation among children 6 - 59 months of age in 
Soweto, South Africa

Age at first FS (months)
Number of FSs, n (%)

1st 2nd 3rd 4th 5th Total
6 - 11 54 (74.0) 9 (12.3) 7 (9.6) 2 (2.7) 1 (1.4) 73
12 - 23 201 (82.7) 27 (1.1) 9 (3.7) 5 (2.1) 1 (0.4) 243
24 - 35 167 (87.9) 19 (10.0) 2 (1.1) 1 (0.5) 1 (0.5) 190
36 - 59 131 (94.2) 8 (5.8) 0 0 0 139
Total 553 (85.7) 63(9.8) 18 (2.8) 8 (1.2) 3 (0.5) 645

FS/s = febrile seizure/s.
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Incidence of FS hospitalisations
The overall incidence of FS hospitalisations occurring in children 
aged 6 - 59 months was 4.40 (95% CI 4.10 - 4.97) per 1 000 
person-years of follow-up. Incidence rates were highest in the age 
groups 12 - 23 months and 24 - 35 months, with rates of 7.25 (95% 
CI 6.44 - 8.14) and 5.93 (95% CI 5.20 - 6.72) per 1 000 person-years, 
respectively (Fig.  2). The lowest incidence was observed in the age 
group 36 - 59 months (2.29; 95% CI 1.96 - 2.64). The incidence of FS 
hospitalisations in the PCV-9 group (4.34; 95% CI 3.92 - 4.78) did not 
differ in comparison with placebo recipients (4.48; 95% CI 4.05 - 4.93).

Factors associated with FS hospitalisation
Among the hospitalised children, FSs were five times more common 
in the 24 - 35 months age group than in those 6 - 11 months old 
(OR  5.08; 95% CI 3.87 - 6.67 (Table 2). Testing HIV-negative was 
also positively associated with FS hospitalisation (OR 6.25; 95% 
CI 4.34 - 8.99), as was a temperature ≥39ºC (OR 2.03; 95% CI 1.56 - 
2.64) and a diagnosis of acute otitis media (OR 2.16; 95% CI 1.74 - 
2.67). No significant associations were observed between sex, PCV-9 
vaccination or gestational age and FS hospitalisation.

Respiratory viruses and FS hospitalisations
NPAs were performed in 4 309 of the 7 126 hospitalisations to 
investigate for respiratory virus infections. Viruses were identified 
from 18.7% (n=804/4 309) children, of which 54.7% (n=440/804) were 
RSV, 20.8% (n=167/804) influenza A, 1.0% (n=3/804) influenza B, 
13.9% (n=112/804) parainfluenza and 10.2% (n=82/804) adenovirus. 
Among children with FS, influenza A accounted for 48.4% (n=44/91) 
of viruses identified, followed by RSV (23.1%; n=21/91), adenovirus 
(18.7%; n=17/91), parainfluenza (8.8%; n=8/91) and influenza B 
(1.1%; n=1/91) (Fig. 3A). Among non-FS hospitalisations, RSV 

was  the most common virus identified (58.8%; n=419/713) (Fig. 3B). 
Children with FS were 2.22-fold (95% CI 1.56 - 3.16) more likely to be 

Total cohort,
N=39 839

Total hospitalisations,
n=10 149

Total hospitalisations in children 
aged ≥6 and ≤59 months,

n=7 126

Total hospitalisations 
in PCV-9 group,

n=3 525

Total hospitalisations 
in placebo group,

n=3 601

Total non-FS 
hospitalisations,

n=3 138

Total FS 
hospitalisations,

n=387

Total non-FS 
hospitalisations,

n=3 208

Total FS 
hospitalisations,

n=393

Fig. 1. Distribution of hospitalisation events among children enrolled in a randomised controlled trial in Soweto, South Africa. Only randomised children were 
included. (PCV-9 = 9-valent pneumococcal conjugate vaccine; FS = febrile seizure.)
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Fig. 2. Incidence rates (95% CI) per 1 000 person-years of follow-up for FS 
hospitalisations among children 6 - 59 months of age in Soweto, South Africa. 
The person time contributed by each child was calculated from the age of 
6 months and censored on the 5th birthday or death, whichever occurred first. 
Multiple FSs in one child were counted as separate events if they occurred at 
least 14 days apart. (CI = confidence interval; FS = febrile seizure.)
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infected with influenza A, but 64% less likely to be infected with RSV 
(OR 0.36; 95% CI 0.24 - 0.54) (Table 3) compared with those who 
had not been hospitalised for FS. The number of FS hospitalisations 
started increasing in May (mid-autumn), peaked around July 
(winter) and declined by October (spring) (Fig. 4). A temporal trend 
was observed for influenza A-associated hospitalisations and FS 
admission for most years.

Discussion
FSs were a common cause of paediatric hospitalisation, accounting 
for almost 11% of total hospitalisations of children aged 6 - 59 months 
in Soweto. We have shown that respiratory viruses are commonly 
identified in children hospitalised for FSs in this population, 
highlighting the role of viral pathogens. Influenza A accounted for 
the majority of the viruses, which is in agreement with findings from 
previous studies.[22] Importantly, we showed that influenza A was 
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Fig. 3. Proportion of respiratory viruses isolated from FS hospitalisations 
(A) and non-FS hospitalisations (B) among children 6 - 59 months 
of age. Proportions are of those with a positive NPA result: 91/804 FS 
hospitalisations, 713/804 non-FS hospitalisations. (RSV = respiratory 
syncytial virus; FS = febrile seizure; NPA = nasopharyngeal aspirate.)
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two-fold more likely to be identified in children hospitalised for FSs 
than in those without FSs. Our results correspond with those of Chiu 
et al.,[10] who analysed medical records of children aged 6 - 60 months 
hospitalised for respiratory infection in the paediatric department of 
a university teaching hospital in Hong Kong. Influenza A infection 
made the greatest contribution to FS hospitalisations and increased 
the odds of FS hospitalisation by two-fold (OR 1.97). The increased 
association observed between influenza A infection and FSs is 
not well understood. Apart from the fact that influenza infection 
causes high fever, there have also been reports on the neurotropic 
properties of influenza A, which may explain the other identified 
neurological complications associated with influenza A, including 
acute encephalitis and encephalopathy.[23]

The number of FS hospitalisations increased during the winter 
months in SA, which was temporally associated with the seasonality 
of influenza A infections. This finding corresponds with Chiu et 
al.,[10] who also described that in contrast to other respiratory viruses, 
influenza A seasonality was associated with FS hospitalisations. This 
finding suggests that the seasonal changes in FS hospitalisations may 
possibly be attributed to influenza A infections, although a more 

detailed evaluation would be required to assess this with adjustment 
for confounders.

The overall incidence of FS hospitalisations in Soweto was 4.40 
per 1 000 person-years. A comparison of this estimate with other 
studies may be challenging because studies differ according to the 
methods used for case ascertainment and also by the age definitions. 
In a Finnish study,[24] the estimated annual incidence of FSs was 14 
per 1 000 person-years in children followed from birth until the age 
of 5 years. Cases were identified through diaries completed by parents 
at home and  regular clinic visits, while in our study, cases were 
identified at the point of hospitalisation and we excluded children 
aged <6 months. In two hospital-based studies conducted in Tanzania 
and Zambia, the estimated hospital-based incidence of FSs was 37.9 
per 1 000 and 26.5 per 1 000, respectively.[19,25] The high incidences 
were in part due to the inclusion of seizures caused by malaria and 
also including children aged >5 years.

The majority of studies showed that FSs occurred more frequently 
between the ages of 6 and 36 months, with the peak incidence at 
18 months.[13,14,26] Similarly, in our study, 60% of FS hospitalisations 
occurred between the ages of 12 and 35 months, with the highest 

Table 3. Association between respiratory viruses and FS hospitalisations in children 6 - 59 months of age in Soweto, South Africa
Respiratory virus Total, n/N (%) FS, n/N (%) Non-FS, n/N (%) OR (95% CI) p-value
RSV 440/4 309 (10.2) 21/515 (4.1) 419/3 794 (11.0) 0.36 (0.24 - 0.54) <0.001
Influenza A 167/4 309 (3.9) 44/515(8.5) 123/3 794 (3.2) 2.22 (1.56 - 3.16) <0.001
Influenza B 3/4 309 (0.07) 1/515(0.2) 2/3 794 (0.1) 3.26 (0.29 - 36.09) 0.33
Parainfluenza 112/4 309 (2.6) 8/515 (1.6) 104/3 794 (2.7) 0.63 (0.33 - 1.19) 0.15
Adenovirus 82/4 309 (1.9) 17 (3.3) 65/3 794 (1.7) 1.65 (0.9 - 2.79) 0.06

FS = febrile seizure; OR = odds ratio; CI = confidence interval; RSV = respiratory syncytial virus.
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Fig. 4. Distribution of all FS and influenza A hospitalisations over time in children aged 6 - 59 months in Soweto, South Africa. (FS = febrile seizure.)
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incidence rates observed at ages 12 - 23 months. In our study, 
14% of children who were hospitalised once for FSs had recurrent 
hospitalisations. This is lower than in previous studies, where 
estimates of 27 - 35% have been reported.[26,27] Our study also showed 
that only children who had their first FS before the age of 36 months 
experienced more than two FSs before the age of 5 years, and this 
finding is consistent with previous reports.[13,28]

We also found that a concurrent diagnosis of otitis media was 
associated with two-fold higher odds of FS hospitalisation, and this is 
comparable to previous literature. In a hospital-based, matched case-
control study in the USA that investigated factors associated with 
FSs, children with an underlying illness of acute otitis media were 1.8 
times more likely to experience a FS compared with those without.[6]

Studies have demonstrated an association between FSs and 
bacterial infections such as occult bacteraemia, bacterial otitis media 
and pneumonia.[29,30] Furthermore, viral-bacterial co-infection is 
common, and PCV-9 has been shown to reduce virus-associated 
pneumonia caused by influenza A, RSV, parainfluenza and adeno-
virus.[31] It may therefore be possible for PCV-9 to indirectly reduce 
the incidence of FS hospitalisations. We did not find evidence to 
support this hypothesis, as there was no significant difference in the 
incidence rates of FS hospitalisation between the PCV-9 and placebo 
groups.

Study limitations
This analysis has some limitations. Firstly, there may have been some 
inaccuracies in estimating the total person-years that each child 
contributed during the follow-up period. Children may have relocated 
to a different area, died at home or at another health facility, or been 
lost to follow-up. It is also possible that a proportion of FS cases may 
have been managed at other private health facilities in the area. This 
would have underestimated the incidence rate. It is also likely that 
the investigation and management of FSs would have changed since 
enrolment of participants in the primary study two decades ago.

Another limitation was that the data collection in the primary study 
was designed to capture the main study outcome (pneumococcal 
disease) and not FSs. This limited the selection of variables to be 
included in our regression model and also affected the interpretation 
of results. Our regression model suggests that testing HIV-positive 
was protective against FS hospitalisations; however, the HIV status 
of children was not measured for the entire cohort in the model, 
and this therefore may not be a true reflection of the community 
prevalence of HIV. To our knowledge, there has been no study that 
has investigated the association between HIV status and FSs, and this 
warrants further investigation. Similarly, only select respiratory viruses 
were investigated, and only for children with suspected LRTI. This not 
only represents a specific subgroup, but it also excluded other viruses 
previously shown to be strongly associated with FSs, such as rotavirus 
and HHV-6. Other important variables associated with FSs that were 
not assessed include a family history of FSs. A history of FSs in a first-
degree family member significantly increases the risk of occurrence of 
a first FS and also of recurrent FSs.[32] There was also no description of 
the seizures, i.e. whether they were generalised or focal or whether 
they occurred multiple times within a period of 24 hours. This 
information would have allowed for the distinction between simple 
and complex FSs.

Conclusions
FSs were a common cause of paediatric hospitalisation at a tertiary 
hospital in Soweto, SA. The highest incidence was observed in 
children 12 - 35 months of age. Detection of influenza A was 

significantly associated with FSs among hospitalised children, 
doubling the odds of hospitalisation for FSs. In particular, the role 
of respiratory viruses in the pathogenesis of FSs warrants further 
investigation. There are licensed influenza vaccines available that 
may potentially have an impact on the incidence of FSs, providing 
additional benefits to their use.
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