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Introduction

Febrile seizure (FS) is defined as a seizure associated with 
febrile diseases in the absence of a central nervous system 
infection, acute electrolyte imbalance, or prior afebrile seizures 
in children older than one month of age [1]. It is the most 
prevalent class of childhood seizures. The A study revealed 
that the incidence rate of febrile seizures in Zahedan, a city 
in the southeastern part of Iran, was noted as 3.5% [2]. Two 
to five percent of children older than one month and most 

commonly from six months to five years old are affected by 
this disease [3,4]. Approximately one-third of these children 
experience recurrent FS [5]. So, it is a major public health 
problem and the leading cause of admission of children 
worldwide [6]. FS is categorized into two types: simple and 
complex. A simple febrile seizure typically manifests as a 
generalized seizure, characterized by tonic-clonic movements 
and the rolling back of the eyeballs. These seizures have a 
brief duration, lasting from a few seconds to a few minutes, 
and are followed by a short period of drowsiness known as the 
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postictal phase [7]. Complex seizures typically have a duration 
exceeding 15 minutes, are localized (focal), have the potential 
to occur multiple times within a day, and can be accompanied 
by either an extended period of postictal drowsiness or the 
presence of postictal neurological abnormalities [7].

Most FS is considered simple, although those with focal onset, 
prolonged duration, or occur more than once within the same 
febrile illness (multiple seizures) are considered complex [1]. 
There was a significant relationship between FS and bacterial 
meningitis (BM] [8,9]. BM is a life-threatening disorder that 
may be presented only by seizures, spatially complex seizures 
[4,10,11], and is often caused by Streptococcus pneumonia 
(SP), Neisseria meningitis, and Hemophilus influenza type b 
(Hib] [12]. Between the time period of 1989-1993 and 2014-
2019, there has been a significant decline in the occurrence 
of N. meningitidis meningitis cases, with the incidence 
dropping from 2.87 per 100,000 population to 0.20 per 
100,000 population. The introduction of MenC vaccination in 
2002, in response to the outbreak that occurred from 1999-
2001, played a crucial role in reducing the incidence of MenC 
meningitis, which accounted for 27.4% of all N. meningitidis 
meningitis cases during that period [13]. The primary cause 
of the significant decline in meningococcal meningitis cases 
is attributed to the decrease in serogroup B infections. It 
is important to note that no conjugate vaccine specifically 
targeting serogroup B has been implemented thus far [14].

According to the high prevalence of meningitis and its 
serious complications, including death, subdural effusion, 
hemiparesis, hydrocephalus, infarcts, ventricular abscess, 
cranial nerve palsy, persistent seizures, isolated hearing loss, 
hemiparesis, and moderate to severe developmental delay, 
the World Health Organization (WHO) has recommended 
induction of the Hib vaccine to children around the world, 
aiming to reduce the number of patient with pneumonia, 
meningitis, and subsequent seizures. So, in Iran, the pentavalent 
vaccine acts against Hib, Hepatitis B, Diphtheria. Tetanus and 
Pertussis have been added to the routine vaccination program 
at 2, 4, and 6 months old since 18th November 2014 [15-20]. 
The pentavalent vaccine functions by stimulating the immune 
system to generate antibodies that specifically target and 
counteract the disease-causing agents [21]. The pentavalent 
vaccine is widely regarded as safe and has not been linked to 
any significant adverse effects. However, minor side effects 
like swelling, localized redness, and discomfort at the site of 
injection may occur [22].

A considerable amount of literature has been published on 
the effectiveness of the pentavalent vaccine. These studies 
showed that the vaccine is effective above 90% [23-26]. 
Furthermore, a study demonstrated that the implementation 
of the pentavalent vaccine resulted in a 46.2% reduction in 
the occurrence of meningitis across all age groups. Moreover, 
there was a notable 57% decrease in children under the 
age of five specifically attributed to the vaccination against 
H. influenzae [27]. Despite the high efficacy of the vaccine, 

the etiology of FS in some children is still recognized as 
meningitis. So it is crucial to exclude meningitis in children 
with FS [28] using lumbar puncture (LP). However, it is an 
invasive procedure with serious complications, including 
headaches lasting from 8 days to 1 year, cranial neuropathies, 
chronic backache, and nerve root injury. Also, LP can cause 
meningitis by itself [28,29]. Given the recent decrease in the 
prevention of bacterial meningitis due to the pentavalent 
vaccine and according to serious complications of LP, one of 
the most significant current discussions in pediatrics is that 
LP should be performed in children with FS as in the past. 
Determining the prevalence of meningitis in children with 
FS make clinicians able to make appropriate decisions for 
these patients [28]. Although extensive research has been 
carried out on the prevalence of meningitis in the general 
population in the era of vaccine implementation, implying 
the effectiveness of this vaccine, no single study exists which 
compares the prevalence of meningitis among FS children 
before and after the pentavalent vaccine to determine the 
importance of the LP in these children. For this reason, we 
performed an epidemiological study on the prevalence and 
etiology of meningitis in children with FS before and after 
vaccination in northwest Iran.

Methods

In this retrospective cross-sectional study, we reviewed the 
medical records of all children aged six months to six years 
with FS, who were admitted to Farmanfarmayan Children’s 
Hospital, a tertiary care center in Tabriz, Iran, between October 
2011 and August 2020. Both urban and rural patients are 
referred to this hospital. The inclusion criteria were as follows: 
(i) 6-month to 6-year-old children and (ii) developing the first 
episode of FS. The exclusion criteria were as follows: (i) history 
of neurological and metabolic disorders, (ii) previous non-
febrile seizures, (iii) antibiotics use during the previous week, 
and (iv) immune-suppressed condition.

Collected data were age, gender, type of seizure, signs of 
meningeal irritation (neck stiffness, Kerning’s or Brudzinski’s 
Signs), results of LP and cerebrospinal fluid (CSF) culture, and 
history of taking the pentavalent vaccine. We categorized 
the patients into two groups: simple and complex FS, using 
medical records and the description given by the American 
Academy of Pediatrics [30]. Then we compared the recurrence 
rate of each group. Then, we categorized the patients into four 
groups intending to compare the prevalence of BM and aseptic 
meningitis among different age groups, including (i) 6 to15-
month-old, (ii) 16to30-month-old, (iii) 31to45-month-old, and 
(iv) 46to60-month-old. Also, we classified patients into two 
groups: children immunized by the pentavalent vaccine and 
children not immunized. This classification was conducted to 
compare the prevalence of meningitis and its bacterial cause 
between the two groups. CSF pleocytosis was described as 
a white blood cell (WBC) count ≥ 6 µL presented in the CSF. 
Bacterial meningitis (BM) was defined as A positive CSF culture. 
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Aseptic meningitis was diagnosed based on CSF pleocytosis 
with mononuclear cell domination and negative CSF culture. 
Developmental delay was defined as a development level of 2 
standard deviations (SD) lower than the cut of point, described 
in the Ages and Stages Questionnaires (ASQ) [31]. Data were 
analyzed using the SPSS version 16. We used the Chi-square 
test to compare the qualitative variables among two or more 
groups. Data are presented as mean ± SD or number(percent). 
A P value of <0.05 was considered statistically significant. The 
patients’ parents gave informed consent before LP. The ethical 
committee of Tabriz University of Medical Sciences approved 
our study.

Results

The general characteristics of included patients are shown 
in  Table 1. A total of 1314 patients diagnosed with FS 
were identified, of which 1037 cases (78.91%) received the 
pentavalent vaccine. The mean age of patients was 24.06 ± 12.8 
months. The number of boys (793, 60.3%) was more than girls 
(521, 39.7%). Sixty-seven patients (5.1%) had developmental 
delays, and 60 patients (4.5%) had a positive family history of 
FS. None of our patients showed signs of meningeal irritation. 
With regards to FS type, 1033 patients (78.6%) presented with 
simple FS, 281 patients (21.4%) with complex FS, of which 209 
patients (74.4%) presented with multiple seizures, 67 patients 
(23.8%) presented with the prolonged seizure (>15 minutes) 
and five patients (1.8%) presented with the focal seizure.

The seizure recurrence rate was significantly higher among 
simple FS (176 cases, 17%) compared to complex FS (32 cases, 
11.3%) (P value <0.05). Two hundred eighty-two patients 
aged under 12 months and 1032 up to 12 months. Complex 
FS was more prevalent in the patients aged under 12 months 
compared to another group (23.7% and 20.7%), and it was 
statistically significant (P value <0.05). In total, 1189 patients 
(90.4%) underwent LP. Forty-six patients had BM, and 176 
had aseptic meningitis. The prevalence of aseptic meningitis 
in the age group of 12- to18-month-old (32.4%) was more 
than other groups (Table 2), and it was statistically significant 
(P value <0.001). The prevalence of BM in the age group of 
18- to 36-month-old (5.3%) was more than in other groups 
(Table 2),  and it was statistically significant (P value <0.05). 
Of 46 patients with BM, 12 (27%) were female, and 34 (73%) 
were male. However, this difference was not statistically 
significant (P value=0.056). Children with complex FS had a 
significantly higher rate of BM in LP results than those with 
simple FS (12.4% versus 1%, P value < 0.05). Table 3 Compares 
the prevalence of BM between vaccinated and unvaccinated 
children with FS. Of 277 unvaccinated cases, 17 patients (6.1%) 
were diagnosed with BM, of which eight cases (47%) were due 
to Hib, six cases (35%) were due to SP, and 3 cases (17%) were 
due to other organisms. Of 1037 vaccinated patients, 29 cases 
(2.8%) were presented with BM, of which eight cases (27.5%) 
were due to Hib, 12 cases (41.3%) were due to SP, and nine 
cases (31%) were due to other organisms. So, the proportion 
of BM and particularly Hib-induced BM in children with FS 

Table 1. General characteristics of included patients (n=1314).

Age (month) 24.06 ± 12.8

Male gender 793 (60.3%)

Developmental delay 67 (5.1%)

Signs of meningeal irritation 60 (4.5%)

Simple FS 1033 (78.6%)

Complex FS 281 (21.4%)

 Multiple seizure 209 (74.4%)

 Prolonged seizure 67 (23.8%)

 Focal seizure 5 (1.8%)

Patients undergoing lumbar puncture 1189 (90.48%)

Bacterial meningitis 46 (3.5%0

 Hib-induced meningitis 16 (34.78%)

 SP- induced meningitis 18 (39.13%)

 Meningitis due to other organisms 12 (26.08%)

Aseptic meningitis 176 (13.39%)

Patients receiving pentavalent vaccine 1037 (78.91%)

FS: Febrile Seizure; SP: Streptococcus pneumonia; Hib: Hamophilus influenza type b 

Data are presented as mean ± SD or number(percent)
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decreased after vaccination. In contrast, the proportion of SP-
induced BM increased after vaccination. Then, we analyzed 
the relationship between vaccination and BM, Hib-induced 
BM, and SP-induced BM. There was a statistically significant 
relationship between getting the pentavalent vaccine and 
reduction of BM (P value <0.05) and Hib-induced BM (P value 
<0.05), but no SP-induced BM (P value=0.194). 

Discussion

Our study had four main findings. First, complex FS was more 
prevalent in patients aged under 12 months compared to other 
patients. Second, the peak incidence of aseptic meningitis and 
BM was 12 to 18 months and 18 to 36 months, respectively. 
Third, children with complex FS had a significantly higher rate 
of BM in LP results than those with simple FS. Fourth, there 
was a statistically significant relationship between getting the 
pentavalent vaccine and reducing BM and Hib-induced BM, 
but no SP-induced BM. 

The effect of gender on FS development was also studied. 
Our results showed a higher incidence of FS among boys than 
girls. It was parallel with other studies [32-34]. On the other 
hand, some studies showed no significant difference based on 
gender [35,36]. The reason for different FS incidences in our 
study is not clear.

In our study, 5.1% of patients were presented with 
developmental delay. The correlation between growth and 
risk of FS is well known. Numerous studies showed that 
growth retardation due to deficiency of vitamin B12, folic acid, 
selenium, calcium, magnesium, and zinc, and intrauterine 
growth retardation, increase the risk of FS [37-41].

In our study, 4.5% of affected children had a positive family 
history of FS, while other studies concluded differently 
[42,43]. This could be affected by genetic variation and the 
size of population studies. Specific genetic mutations, such as 
SCN1A mutations linked to conditions like Dravet syndrome 
and Generalized Epilepsy with Febrile Seizures Plus (GEFS+), 
have been detected in certain populations of children who are 
inclined to experience recurring febrile seizures. While there is 
indeed a genetic predisposition to febrile seizures, the precise 
pattern of inheritance remains unknown [44]. Besides genetic 
predisposition, there are additional risk factors for febrile 
seizures. These include neurological disorders, imbalances 
in electrolytes, viral infections, developmental delays, and 
elevated levels of cytokines [2].

Similar to Joshi-Batajoo et al. [35], Laditan et al. [45], and 
Tavassoli et al. [36], none of the patients with BM had 
meningeal irritation signs in our study, implying that the lack 
of these signs does not exclude BM in children. Clinicians 
should not rely solely on physical signs in this regard. Similar to 
previous studies [46-48], most patients presented with simple 
FS. The diagnostic accuracy of physical signs in identifying 
bacterial meningitis in children with febrile seizures has been 
the subject of several studies. However, the results suggest 
that these physical signs are not reliable enough to accurately 
determine whether meningitis is present or not [49,50]. In a 
comprehensive study that followed 696 cases of bacterial 
meningitis in adults, it was discovered that only 95% of the 
patients exhibited two out of the four common symptoms: 
headache, fever, altered mental status, and stiff neck [51]. 
While the classic triad of meningitis typically includes nuchal 
rigidity (stiff neck), fever, and altered mental status, it is 
important to note that not all patients with meningitis will 

Table 2. The prevalence of bacterial and aseptic meningitis among distinct age groups.

Age group Number of patients Aseptic meningitis Bacterial meningitis

One-day- to 12-month-old 282 37 (13.12%) 2 (0.07%)

12- to18-month- old 271 88 (32.47%) 4 (1.4%)

18- to 36-month-old 445 24 (5.3%) 24 (5.3%)

36-month- to six-year-old 316 27 (8.5%) 16 (5.0%)

All patients 1314 176 (13.39%) 46 (3.5%)

P value  - <0.001 <0.05

Table 3. Comparison of prevalence of BM between vaccinated and unvaccinated children with FS.

 Diagnosis
Vaccination status BM Hib-induced BM SP-induced BM BM due to other organisms

Vaccinated (n=1037) 29 (2.8%) 8 (27.5%) 12 (41.3%) 9 (31%)

Unvaccinated(n=277) 17 6.1 8 (47%) 6 (35%)  3 (17%)

P value <0.05 <0.05 0.194 -

BM: Bacterial Meningitis; SP: Streptococcus pneumonia; Hib: Hamophilus influenza type b
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display these specific symptoms [51]. A definitive diagnosis 
of meningitis is typically achieved by performing LP and 
analyzing cerebrospinal fluid (CSF). However, it is important to 
acknowledge that this method is relatively invasive [52].

Most patients with complex FS were presented with multiple 
seizures, while focal seizures had the least prevalence. It was 
similar to Berg et al. study [46]. Berg et al.’s study revealed 
that 35% of initial febrile seizures and 33% of recurrent febrile 
seizures presented with one or more complex features, such 
as a duration of 10 minutes or longer, focal onset, or multiple 
seizures during the illness episode. Additionally, significant 
associations were observed between focality and prolonged 
duration in both first-time and recurrent febrile seizures [46].

We found that children with simple FS were most predisposed 
to recurrent FS. In contrast, some previous studies concluded 
differently and showed that the type of FS was not the 
predictor of FS recurrence [53,54]. It could be due to the low 
number of cases in those studies.

Our results showed that complex FS was more prevalent in 
patients under 12 months old. This is in parallel with other 
studies that reported that age <12 months was associated 
with a slightly increased risk of FS, spatially complex [55], 
and prolonged FS [56,57]. The heightened susceptibility to 
complex features in febrile seizures, particularly in infants and 
young children, is potentially attributable to the immaturity of 
their brain and their developing immune system [58]. 

Aseptic meningitis in 12 to 18-month-old was more prevalent 
in other groups. It may be due to the fact that the MMR vaccine, 
which induces aseptic meningitis, is generally given to children 
around this age. Aseptic meningitis refers to the inflammation 
of the protective membranes (meninges) surrounding the brain 
and spinal cord. It is typically caused by various factors such as 
mycobacteria, viruses, fungi, spirochetes, cancerous tumors, 
and certain medications [59,60]. The MMR (measles, mumps, 
and rubella) vaccine has been linked to a rare occurrence of 
aseptic meningitis, although the occurrence is uncommon. The 
precise mechanism behind how the MMR vaccine can trigger 
aseptic meningitis is not yet comprehensively understood. 
Nonetheless, it is believed that the mumps component of the 
vaccine is the primary contributor to this potential adverse 
reaction [61-63]. In addition to the MMR vaccine, several other 
factors may contribute to the occurrence of aseptic meningitis 
among children aged 12 to 18 months. These factors include: 
1) infections caused by enteroviruses, 2) seasonal variations, 3) 
exposure to ill patients, and 4) a history of traveling [59].

Numerous studies on FS have reported that BM is more 
common in younger children [11,32,35,64,65]. Surprisingly, 
in our study, BM was significantly more prevalent in the 
18- to 36-month-old age group than in other groups. This 
may be because some children did not undergo LP in our 
study, of which the majority were neonates and very young 
children. LP plays a crucial role in assessing the prevalence 

of bacterial meningitis as it serves as a diagnostic procedure 
that confirms the presence of the infection by analyzing CSF 
obtained through the procedure. The results obtained from 
LP can guide the appropriate treatment and management 
of bacterial meningitis [66]. In fact, parents of such children 
were more anxious about the side effects of LP than those of 
other children due to their children’s low age, so they did not 
give informed consent for LP. Parents may be anxious about 
the possible adverse effects of LP on their children, including 
1) backaches, 2) headaches, 3) vomiting, 4) difficulty sleeping, 
and 5) uncommon complications like infection or bleeding 
[67,68]. Consequently, the BM prevalence was underestimated 
in young children. 

We did not find any significant correlation between gender 
and BM. This was similar to the results of other studies 
[35,36,64,69]. 

Our results showed that the majority of children with BM 
had complex FS. This is similar to the results of Ham et al. [4] 
and Casasoprana et al. [11], showing that BM and encephalitis 
are rare among patients with simple FS and a normal physical 
examination. Rossi et al. revealed that in children less than 
3 years old without neurological signs, a complex FS can 
distinguish between cases with and without BM [70]. Najaf-
Zadeh et al. reported a 0.6% prevalence of BM among children 
with complex FS versus 0.2% in simple FS [28]. Al-Eissa et al. 
reported that all patients with BM had complex FS [32]. Other 
studies have reported similar results [4,11,35,65,69].

Our study showed that 6.1% of unvaccinated children with 
FS were diagnosed with BM. Some other researchers have 
studied the prevalence of BM in Iranian children with FS 
before immunizing children with the pentavalent vaccine in 
Iran (before 2014). Ghotbi et al. conducted a four-year study 
from 2002 to 2006 in Iran and reported that 4.7% of children 
with FS were diagnosed with meningitis [35]. Ehsanpour et al. 
revealed that 3.6% of 6-month- to 5-year-old children with FS 
were diagnosed with meningitis and 1.6% with BM from 1997 
to 2002 [69]. On the other hand, the results were completely 
different in vaccinated children. We showed that only 2.1% 
of vaccinated FS patients were diagnosed with BM. To the 
best of our knowledge, this is the first study investigating the 
prevalence of BM in FS patients after the implication of the 
pentavalent vaccine in Iran. However, in other countries, such 
studies were conducted. Caroll et al. showed a 0.23% rate of 
BM in children with simple FS after the implementation of 
immunization in the UK [71]. Our results showed a reduction 
of 4.6% in the prevalence of BM and 14% in Hib-induced BM 
in children with FS after implementing the vaccine. This result 
was due to our country’s high effectiveness of the pentavalent 
vaccine. Numerous studies were conducted on the efficacy of 
the pentavalent vaccine. A study conducted in Iran by Heidari 
et al. showed a 57% reduction in the prevalence of Hib-
induced BM among children under five after the pentavalent 
vaccine [72]. Lee et al. showed that the number of BM cases 
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caused by Hib in children under 5 years old was reduced by 
65% following the implementation of the pentavalent vaccine 
[24]. Another study conducted in Uganda by Lewis et al. on 
0- to 59-month-old children reported a 93% efficacy of the 
pentavalent vaccine in reducing the prevalence of meningitis 
[25]. Results of other studies in Kenya and India also reported 
vaccine effectiveness of 89% and 94%, respectively [26]. In 
addition, we found that the proportion of SP-induced BM 
in vaccinated cases was higher than that in unvaccinated 
patients. It was similar to McCormick et al.’s results, which show 
that the proportion of patients confected with pneumococcal 
meningitis increased from 41.5% in 1997-2002 to 49.6% in 
2003-2009 [73]. This result is likely due to the fact that the 
proportion of Hib-induced BM decreased after vaccination, so 
the proportion of SP-induced BM increased. Our results showed 
that SP caused 63% of BM after implementing the vaccine, and 
it was the leading cause of BM. Other studies have reported 
similar results [74-76]. The findings in this report are subject 
to at least three limitations. First, these findings are limited 
by the use of a cross-sectional design. Another weakness in 
this study that could have affected the results was that some 
children did not undergo LP, so that the BM prevalence could 
be underestimated. Thirdly, the study focused on SP and 
Hib- induced BM. So, the effect of the pentavalent vaccine 
on the prevalence of BM caused by other organisms, such as 
Escherichia coli and Neisseria meningitis, was not reported. 
Finally, the adverse effects or complications of vaccination and 
LP were nor reported in our study. However, the key strengths 
of this study are its large sample size and long duration. 

Conclusion 

Notwithstanding the limitations, this study offers some 
insights into the effectiveness of the pentavalent vaccine. In 
addition, the low prevalence of BM in FS cases after a pentavalent 
vaccine does not support strong recommendations for LP in 
FS children. Further research in this field would greatly help 
determine the importance of LP in these patients. 

Conflict of Interests

The authors declare that they have no conflict of interests.

Funding/Support

None.

Author’s Contribution

Sh.Kh.: Conceptualization, the original draft writing, 
investigation, and formal analysis.

Sh.Sh.: Conceptualization, supervision, and project 
administration.

V.Sh.: Writing including reviewing and editing and 
investigation.

Ethical Issues

Not applicable.

References

1. Shinnar S, Glauser TA. Febrile seizures. Journal of Child Neurology. 
2002 Jan;17(1_suppl):S44-52.

2. Aliabadi GM, Khajeh A, Oveisi A, Poorjangi M. Prevalence of febrile 
seizures in children in Zahedan, south East of Iran. Iranian Journal of 
Child Neurology. 2019;13(3):93.

3. Kimia A, Ben-Joseph EP, Rudloe T, Capraro A, Sarco D, Hummel 
D, et al. Yield of lumbar puncture among children who present with 
their first complex febrile seizure. Pediatrics. 2010 Jul 1;126(1):62-9.

4. Hom J, Medwid K. The low rate of bacterial meningitis in 
children, ages 6 to 18 months, with simple febrile seizures. Academic 
Emergency Medicine. 2011 Nov;18(11):1114-20.

5. Berg AT, Shinnar S, Hauser WA, Leventhal JM. Predictors of 
recurrent febrile seizures: a metaanalytic review. The Journal of 
Pediatrics. 1990 Mar 1;116(3):329-37.

6. Fetveit A. Assessment of febrile seizures in children. European 
Journal of Pediatrics. 2008 Jan;167:17-27.

7. Leung AK, Robson WL. Febrile seizures. Journal of Pediatric Health 
Care. 2007 Jul 1;21(4):250-5.

8. Dubos F, De la Rocque F, Levy C, Bingen E, Aujard Y, Cohen R, 
et al, Bacterial Meningitis Study Group. Sensitivity of the bacterial 
meningitis score in 889 children with bacterial meningitis. The 
Journal of Pediatrics. 2008 Mar 1;152(3):378-82.

9. Nigrovic LE, Kuppermann N, Macias CG, Cannavino CR, Moro-
Sutherland DM, Schremmer RD, et al. Clinical prediction rule for 
identifying children with cerebrospinal fluid pleocytosis at very low 
risk of bacterial meningitis. Jama. 2007 Jan 3;297(1):52-60.

10. Provisional Committee on Quality Improvement, Subcommittee 
on Febrile Seizures. Practice parameter: the neurodiagnostic 
evaluation of the child with a first simple febrile seizure. Pediatrics. 
1996 May 1;97(5):769-72.

11. Casasoprana A, Hachon Le Camus C, Claudet I, Grouteau E, Chaix 
Y, Cances C, et al. Value of lumbar puncture after a first febrile seizure 
in children aged less than 18 months. A retrospective study of 157 
cases. Archives de Pediatrie: Organe Officiel de la Societe Francaise 
de Pediatrie. 2013 Apr 30;20(6):594-600.

12. Giorgi Rossi P, Mantovani J, Ferroni E, Forcina A, Stanghellini E, 
Curtale F, et al. Incidence of bacterial meningitis (2001–2005) in Lazio, 
Italy: the results of a integrated surveillance system. BMC Infectious 
Diseases. 2009 Dec;9(1):1-10.

13. Bijlsma MW, Bekker V, Brouwer MC, Spanjaard L, van de Beek D, 
van der Ende A. Epidemiology of invasive meningococcal disease 
in the Netherlands, 1960–2012: an analysis of national surveillance 
data. The Lancet Infectious Diseases. 2014 Sep 1;14(9):805-12.

14. Koelman DL, van Kassel MN, Bijlsma MW, Brouwer MC, van 



 
 Shiva S, Khanzadeh S, Shohanizad V, Ghaedi A, Lucke-Wold B. Change in prevalence of meningitis among children with 
febrile seizure after the pentavalent vaccination. J Exp Neurol. 2023;4(3):100-108.

J Exp Neurol. 2023
Volume 4, Issue 3 106

de Beek D, van der Ende A. Changing epidemiology of bacterial 
meningitis since introduction of conjugate vaccines: 3 decades 
of national meningitis surveillance in The Netherlands. Clinical 
Infectious Diseases. 2021 Sep 1;73(5):e1099-107.

15. Chinchankar N, Mane M, Bhave S, Bapat S, Bavdekar A, Pandit A, 
et al. Diagnosis and outcome of acute bacterial meningitis in early 
childhood. Indian Pediatrics. 2002 Oct 13;39(10):914-21.

16. Dash N, Ameen AS, Sheek-Hussein MM, Smego Jr RA. 
Epidemiology of meningitis in Al-Ain, United arab emirates, 
2000–2005. International Journal of Infectious Diseases. 2007 Jul 
1;11(4):309-12.

17. Eskola J, Käyhty H, Takala AK, Peltola H, Rönnberg PR, Kela E, 
Pekkanen E, McVerry PH, Mäkelä PH. A randomized, prospective field 
trial of a conjugate vaccine in the protection of infants and young 
children against invasive Haemophilus influenzae type b disease. 
New England Journal of Medicine. 1990 Nov 15;323(20):1381-7.

18. World Health Organization. Measuring impact of Streptococcus 
pneumoniae and Haemophilus influenzae type b conjugate 
vaccination. World Health Organization; 2012.

19. Wenger JD, Hightower AW, Facklam RR, Gaventa S, Broome CV, 
Bacterial Meningitis Study Group. Bacterial meningitis in the United 
States, 1986: report of a multistate surveillance study. Journal of 
Infectious Diseases. 1990 Dec 1;162(6):1316-23.

20. Kaninda AV, Belanger F, Lewis R, Batchassi E, Aplogan A, Yakoua 
Y, et al. Effectiveness of incidence thresholds for detection and 
control of meningococcal meningitis epidemics in northern Togo. 
International Journal of Epidemiology. 2000 Oct 1;29(5):933-40.

21. (WHO) WHO.  [Available from: https://www.who.int/docs/
default-source/searo/india/tobacoo/pentavalent-vaccine-guide-for-
hws-with-answers-to-faqs.pdf.

22. Karami M, Ameri P, Bathaei J, Berangi Z, Pashaei T, Zahiri A, et 
al. Adverse events following immunization with pentavalent vaccine: 
experiences of newly introduced vaccine in Iran. BMC Immunology. 
2017 Dec;18(1):42.

23. Gupta SK, Sosler S, Lahariya C. Introduction of Haemophilus 
influenzae type b (Hib) as pentavalent (DPT-HepB-Hib) vaccine in two 
states of India. Indian Pediatrics. 2012 Sep 1;49(9):707-9.

24. Lee EH, Corcino M, Moore A, Garib Z, Peña C, Sánchez J, et al. 
Impact of Haemophilus influenzae type b conjugate vaccine on 
bacterial meningitis in the Dominican Republic. Revista Panamericana 
De Salud Pública. 2008 Sep;24(3):161-8.

25. Lewis RF, Kisakye A, Gessner BD, Duku C, Odipio JB, Iriso R, et al. 
Action for child survival: elimination of Haemophilus influenzae type 
b meningitis in Uganda. Bulletin of the World Health Organization. 
2008 Apr;86(4):292-301.

26. Peltola H. Worldwide Haemophilus influenzae type b disease 
at the beginning of the 21st century: global analysis of the disease 
burden 25 years after the use of the polysaccharide vaccine and a 
decade after the advent of conjugates. Clinical Microbiology Reviews. 
2000 Apr 1;13(2):302-17.

27. Heidari S, Karami M, Zahraei SM, Sedighi I, Zavareh FA. 
Epidemiological profile of meningitis following pentavalent 
vaccination in Iran: impact of vaccine introduction. Journal of 
Epidemiology and Global Health. 2021 Sep;11(3):310.

28. Najaf-Zadeh A, Dubos F, Hue V, Pruvost I, Bennour A, Martinot 
A. Risk of bacterial meningitis in young children with a first seizure 
in the context of fever: a systematic review and meta-analysis. PLoS 
One. 2013 Jan 28;8(1):e55270.

29. Evans RW. Complications of lumbar puncture. Neurologic Clinics. 
1998 Feb 1;16(1):83-105.

30. Consensus Development Panel. Febrile Seizures: Long-Term 
Management of Children with Fever-Associated Seizures. Pediatrics 
in Review. 1981 Jan 1;2(7):209-11.

31. Squires J, Bricker D, Twombly E. Ages & stages questionnaires: 
Social-emotional. Baltimore, MD: Paul H. Brookes Publishing 
Company; 2002.

32. AL-EISSA YA. Lumbar puncture in the clinical evaluation of 
children with seizures associated with fever. Pediatric Emergency 
Care. 1995 Dec 1;11(6):347-50.

33. Leung AK, Robson WL. Febrile convulsions: how dangerous are 
they?. Postgraduate Medicine. 1991 Apr 1;89(5):217-24.

34. Millar JS. Evaluation and treatment of the child with febrile 
seizure. American Family Physician. 2006 May 15;73(10):1761-4.

35. Ghotbi F, Shiva F. An assessment of the necessity of lumbar 
puncture in children with seizure and fever. Headache. 2009;2(1):0.006.

36. Tavasoli A, Afsharkhas L, Edraki A. Frequency of meningitis in 
children presenting with febrile seizures at Ali-Asghar Children’s 
Hospital. Iranian Journal of Child Neurology. 2014;8(4):51.

37. Namakin K, Zardast M, Sharifzadeh G, Bidar T, Zargarian S. 
SerumTrace elements in febrile seizure: A Case-control study. Iranian 
Journal of Child Neurology. 2016;10(3):57.

38. Saghazadeh A, Mahmoudi M, Meysamie A, Gharedaghi M, 
Zamponi GW, Rezaei N. Possible role of trace elements in epilepsy 
and febrile seizures: a meta-analysis. Nutrition Reviews. 2015 Nov 
1;73(11):760-79.

39. Özkale Y, Erol İ, Kılıçarslan B, Özkale M, Saygı S, Sarıtürk Ç, et al. 
Serum vitamin B 12, folic acid, and homocysteine levels in children 
with febrile seizure. Turkish Journal of Pediatrics. 2015 Jul 1;57(4):345.

40. Visser AM, Jaddoe VW, Hofman A, Moll HA, Steegers EA, Tiemeier 
H, et al. Fetal growth retardation and risk of febrile seizures. Pediatrics. 
2010 Oct 1;126(4):e919-25.

41. Kwak BO, Kim K, Kim SN, Lee R. Relationship between iron 
deficiency anemia and febrile seizures in children: A systematic 
review and meta-analysis. Seizure. 2017 Nov 1;52:27-34.

42. Hussain S, Tarar SH, Sabir MU. Febrile seizrues: demographic, 
clinical and etiological profile of children admitted with febrile 
seizures in a tertiary care hospital. J. Pakistan Med. Assoc. 2015;65(9).



 
 Shiva S, Khanzadeh S, Shohanizad V, Ghaedi A, Lucke-Wold B. Change in prevalence of meningitis among children with 
febrile seizure after the pentavalent vaccination. J Exp Neurol. 2023;4(3):100-108.

J Exp Neurol. 2023
Volume 4, Issue 3 107

43. Hosseininasab A, Daiparizzi M, Alidosti K. Demographic 
characteristics and risk factors of febrile seizure. J Med Counc IR Iran. 
2006;24(2):107-12.

44. Ram D, Newton R. The genetics of febrile seizures. Pediatric 
Neurology Briefs. 2015:90.

45. Laditan AA. Analysis of the results of routine lumbar puncture 
after a first febrile convulsion in Hofuf, Al-Hassa, Saudi Arabia. East 
African Medical Journal. 1995 Jun 1;72(6):376-8.

46. Berg AT, Shinnar S. Complex febrile seizures. Epilepsia. 1996 
Feb;37(2):126-33.

47. Gourabi HE, Bidabadi E, Cheraghalipour F, Aarabi Y, Salamat F. 
Febrile seizure: demographic features and causative factors. Iranian 
Journal of Child Neurology. 2012;6(4):33.

48. Kantamalee W, Katanyuwong K, Louthrenoo O. Clinical 
characteristics of febrile seizures and risk factors of its recurrence in 
Chiang Mai University Hospital. Neurol Asia. 2017 Sep 1;22(3):203-8.

49. Waghdhare S, Kalantri A, Joshi R, Kalantri S. Accuracy of physical 
signs for detecting meningitis: a hospital-based diagnostic accuracy 
study. Clinical Neurology and Neurosurgery. 2010 Nov 1;112(9):752-7.

50. van de Beek D, Cabellos C, Dzupova O, Esposito S, Klein M, 
Kloek AT, et al. ESCMID guideline: diagnosis and treatment of acute 
bacterial meningitis. Clinical Microbiology and Infection. 2016 May 
1;22:S37-62.

51. Shikha S Vasudeva MAPoIM, Virginia Tech Carilion School 
of Medicine; Assistant Professor of Internal Medicine, Edward 
Via Virginia College of Osteopathic Medicine; Infectious Disease 
Consultant, Department of Medicine, Veterans Affair Medical Center. 
Meningitis Clinical Presentation 2022 [Available from: https://
emedicine.medscape.com/article/232915-clinical?form=fpf&scod
e=msp&st=fpf&socialSite=google&icd=login_success_gg_match_
fpf&isSocialFTC=true.

52. Ala A, Rahmani F, Abdollahi S, Parsian Z. Accuracy of neck 
stiffness, Kernig, Brudzinski, and jolt accentuation of headache signs 
in early detection of meningitis. Emergency. 2018;6(1):e8.

53. Berg AT, Shinnar S, Darefsky AS, Holford TR, Shapiro ED, Salomon 
ME, et al. Predictors of recurrent febrile seizures: a prospective 
cohort study. Archives of Pediatrics & Adolescent Medicine. 1997 Apr 
1;151(4):371-8.

54. Pavlidou E, Tzitiridou M, Kontopoulos E, Panteliadis CP. Which 
factors determine febrile seizure recurrence? A prospective study. 
Brain and Development. 2008 Jan 1;30(1):7-13.

55. Verity CM, Butler NR, Golding J. Febrile convulsions in a national 
cohort followed up from birth. I--Prevalence and recurrence in the first 
five years of life. Br Med J (Clin Res Ed). 1985 May 4;290(6478):1307-10.

56. Al‐Eissa YA, Al‐Omair AO, Al‐Herbish AS, Al‐Jarallah AA, Familusi 
JB. Antecedents and outcome of simple and complex febrile 
convulsions among Saudi children. Developmental Medicine & Child 
Neurology. 1992 Dec;34(12):1085-90.

57. Farwell JR, Blackner G, Sulzbacher S, Adelman L, Voeller M. 

First febrile seizures: characteristics of the child, the seizure, and the 
illness. Clinical Pediatrics. 1994 May;33(5):263-7.

58. Xixis KL, Samanta D, Keenaghan M. Febrile seizure. StatPearls. 
Treasure Island (FL): StatPearls Publishing; 2023.

59. Tattevin P, Tchamgoué S, Belem A, Bénézit F, Pronier C, Revest M. 
Aseptic Meningitis. Revue Neurologique. 2019 Sep 1;175(7-8):475-80.

60. Lee BE, Davies HD. Aseptic meningitis. Current opinion in 
Infectious Diseases. 2007 Jun 1;20(3):272-7.

61. Sugiura A, Yamada A. Aseptic meningitis as a complication of 
mumps vaccination. The Pediatric Infectious Disease Journal. 1991 
Mar 1;10(3):209-13.

62. Kamali Aghdam M, Sadeghzadeh M, Fakhimi S, Eftekhari K. 
Evaluation of aseptic meningitis following measles-mumps-rubella 
vaccine in children admitted due to febrile convulsion. International 
Journal of Pediatrics. 2018 Aug 1;6(8):8147-52.

63. Sasan MS, AmelJamehdar S, Donyadideh N. Meningitis after 
MMR vaccination in Mashhad, Iran. International Journal of Pediatrics. 
2022 Jun 1;10(6):16205-13.

64. Owusu-Ofori A, Agbenyega T, Ansong D, Scheld WM. Routine 
lumbar puncture in children with febrile seizures in Ghana: should 
it continue?. International Journal of Infectious Diseases. 2004 Nov 
1;8(6):353-61.

65. Rayamajhi A, Mahaseth C. Children with first episode of fever 
with seizure: is lumbar puncture necessary?. JNMA; Journal of the 
Nepal Medical Association. 2008 Jul 1;47(171):109-12.

66. Glimåker M, Sjölin J. Lumbar puncture is safe in bacterial 
meningitis: impaired mental status alone does not motivate cranial 
computed tomography before lumbar puncture. Clinical Infectious 
Diseases. 2019 Jan 1;68(1):168-.

67. Chordas C. Post–dural puncture headache and other 
complications after lumbar puncture. Journal of Pediatric Oncology 
Nursing. 2001 Nov;18(6):244-59.

68. Fastle RK, Bothner J. Lumbar puncture: Indications, 
contraindications, technique, and complications in children. 
UpToDate. Waltham, MA: UpToDate. 2017.

69. Ehsanipour F, Khodapanahandeh F, Aslani Z. The prevalence 
of meningitis in children with febrile seizure hospitalized at Hazrat 
Rasoul Hospital (1997-2002). Razi Journal of Medical Sciences. 2005 
Mar 10;11(44):907-11.

70. Rossi LN, Brunelli G, Duzioni N, Rossi G. Lumbar puncture and 
febrile convulsions. Helvetica Paediatrica Acta. 1986 May 1;41(1-
2):19-24.

71. Carroll W, Brookfield D. Lumbar puncture following febrile 
convulsion. Archives of Disease in Childhood. 2002 Sep 1;87(3):238-
40.

72. Heidari S, Karami M, Zahraei SM, Sedighi I, Zavareh FA. 
Epidemiological profile of meningitis following pentavalent 
vaccination in Iran.2020.



 
 Shiva S, Khanzadeh S, Shohanizad V, Ghaedi A, Lucke-Wold B. Change in prevalence of meningitis among children with 
febrile seizure after the pentavalent vaccination. J Exp Neurol. 2023;4(3):100-108.

J Exp Neurol. 2023
Volume 4, Issue 3 108

73. McCormick DW, Molyneux EM. Bacterial meningitis and 
Haemophilus influenzae type b conjugate vaccine, Malawi. Emerging 
Infectious Diseases. 2011 Apr;17(4):688.

74. Mijovic H, Sadarangani M. To LP or not to LP? Identifying the 
Etiology of Pediatric Meningitis. The Pediatric Infectious Disease 
Journal. 2019 Jun 1;38(6S):S39-42.

75. Gituro CN, Nyerere A, Ngayo MO, Maina E, Githuku J, Boru W. 

Etiology of bacterial meningitis: a cross-sectional study among 
patients admitted in a semi-urban hospital in Nairobi, Kenya. The Pan 
African Medical Journal. 2017;28(Suppl 1).

76. Li C, Feng WY, Lin AW, Zheng G, Wang YC, Han YJ, et al. Clinical 
characteristics and etiology of bacterial meningitis in Chinese 
children> 28 days of age, January 2014–December 2016: a multicenter 
retrospective study. International Journal of Infectious Diseases. 2018 
Sep 1;74:47-53.


