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Abstract:

Cognitive deficiencies after bacterial meningitis in children (predominantly
persistent difficulties in learning, deficits in short term memory, behavioral
problems and poor academic performance) have been deseribed.

Aim:

Assess early cognitive and behavioral sequelae in children survived of bacterial
meningitis and detection of subtle deficits with relevant contribution to
rehabilitation strategies, either by identifying deficits that can be addressed or
capacities that can be used to facilitate functional recovery.

Methodology:

This Case control study included 30 ehild aged (6- 18) years of both sexes
infected with bacterial meningitis confirmed by lumber puncture. Thirty healthy
subjects without a medieal history of neurological disease matched the age, gender,
length of sehool education and social class of the study population served as a
control group. Psychiatric assessment in both groups carried out using Stanford-
Binet Intelligence Scale and Child Behavior Cheek-List Parents form (CBCL/6- 18). Also
Familial Socioeconomic Status Scale was conducted to match both groups.

Results:

Results showed highly significant difference in compsite IQ measures between
case& control group with mean +SD (87.97+20.09 vs. 104.1+14.19 p= 0.0007)
respectively with also affeetion to all IQ subscales, the highest statistical
significance was in short term memory subseale (p = 0.0024). While there was
statistically significance difference in CBCL only in two subseales, Rule-break
problemé& Aggression (p= 0.0166& 0.0013) respectively. There was no statistical
significance as regard Anxious/Depressed, withdrawn, Somatic complains, social
problems, thought problems, Attention problem and other problem scales.
Conelusion:

In Children with bacterial meningitis as regard Stanford-Binet Intelligence
testing, showed highly significant difference in compsite 10 measures between
case& control group with also affection to all IQ subseales, the highest statistical
significance was in short term memory subscale and also parent report (CBCL)
identified patients with bacterial meningitis disease as having more behavior
problems.
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Introduction:

Meningitis is a serious public health problem demanding early diagnosis,
effective treatment, prevention and control. It is a major cause of morbidity
and mortality among infants and children". In Egypt, case-fatality rate ranged
from (8.5- 55)%.

Apart from endemicity, a violent epidemic disease occurs every (6- 12)
years in the African meningitis belt®. Meningitis is considered as an endemic
disease in Egypt(“.

There are three main organisms that account for over 90% of the world's
cases of meningitis in children which are Neisseria meningitidis, Streptococcus
pneumonia and Haemophilus influenza type b®.

The complications of meningitis can be divided into early complications
which occur during the first 24 hours and may be the immediate cause of death
and late complications (those usually recognized after several days or later).
The early complications are cerebral edema, septic shock, disseminated
intravascular coagulation, myocarditis, hyponatremia with water intoxication,
and convulsions. Sensorineural deafness is also an early complication but may
not be detected until later®.
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In Egypt, case-fatality rate ranged from (8.5- 55)%".

Cognitive difficulties are a recognized consequence of brain insults.
Bacterial meningitis can cause widespread damage including impaired verbal
learning and memory, loss of attention/concentration, impaired speed of
thinking and executive functions (e.g. concept formation and abstraction)‘g’.

The morbid consequences of central nervous system (CNS) infections are
often overlooked in the face of high mortality rates. However, neurological
impairments not only affect the child's development and future prospects but
also place an economic and social burden on communities and countries that
often have few resources to deal with such problems(s).

It is not unusual for children to display changes in behavior after
meningitis. Although child has made a full medical recovery, it sounds like he
is experiencing these behavioral after effects. Going back into school and
routine activities can be very helpful, provided of course that child is ready to
meet the demands of school. These behaviors should be temporary, but can
last for a number of weeks or months; they are commonly still apparent three
months following hospital admission and normally improve over the year
following admission.

Cognitive deficiencies after bacterial meningitis in children (predominantly
persistent difficulties in learning, deficits in short term memory, behavioral
problems and poor academic performance) have been described"”.Short term
memory is the domain which is affected most frequently and most severely
after bacterial meningitis“”.

Several studies have evaluated the intelligence quotient (IQ) of survivors of
bacterial meningitis compared to their siblings or other control children."?
Although not all of the studies found a difference in the mean 1Q compared to
controls (usually siblings), a greater proportion of children who had meningitis
had IQ less than 709,

More subtle adverse outcomes, such as cognitive academic and behavioral
problems are present in 20% of bacterial meningitis survivals. But these more
subtle problems often remain undetected until the child starts school which
may be several years after he/ she has been cured of meningitism).
Methodology:

The present study is carried out at Abbassia Fever Hospital during the time
interval from October 2010 to September 2011. It was performed as a Case
control study in children aged (6- 18) years of both sexes infected with bacterial
meningitis. It included 30 patients and 30 healthy children as control group
well matched as regard age, sex, school attendance duration& socioeconomic
level.

Patients were eligible for the inclusion in this study if they had received a
lumbar puncture and satisfied laboratory eligibility "confirmed bacterial
meningitis" according to the World Health Organization criteria™ by the
presence of one of the following criteria: CSF gram stain positive for gram
negative bacilli, gram positive cocci or gram negative cocci and CSF cell
count> 10/ml. OR CSF culture positive for Streptococcus Pneumonia or
Neisseria meningitidis or Haemophilus infeluanzae. OR CSF white cell
count> 100/ml, polymorphneuclears> 50% and CSF/ blood glucose ratio less
than 0.5. OR CSF white cell count> 100/ml, polymorphneuclears> 50% and
CSF glucose less than 30 mg/dl. OR CSF white cell count> 1000/ml and
polymorphneuclears> 50%.

X Inclusion criteria were: Patients diagnosed as bacterial meningitis, Age
ranges from (6- 18) years, both sexes and No history of preexisting
neuropsychological deficits.
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X Exclusion criteria were: Children aged 5 years or younger, Pre-existing
neurosurgical conditions, Seizure disorders, cerebral palsy, degenerative
neurological disorders, Cranial fractures, Known immunodeficiency states,
symptomatic AID, Active viral infections, Cyanotic congenital heart
disease, Inaccessibility for follow-up and Known deafness barrier to
admission.

The study protocol was approved by the Ethical Commity Ain Shams
University. Written consent was obtained from guardians of every patient
enrolled in the study after explaining the nature of the study.

All the children in the bacterial meningitis group were subjected to the
following:

1. History Taking.

2. Clinical Examination.

3. Investigations:

4. CSF samples were examined for: Total and differential cell count, Glucose
and protein determination, direct gram stain film& Culture on chocolate
and sheep blood agar plates.

5. Psychometric evaluation: Intellectual development was assessed by
appropriate Stanford-Binet Intelligence Scale fourth edition. It tests
intelligence across four areas, which are verbal reasoning, quantitative
reasoning, abstract/ visual reasoning and short term memory Total testing
time is around (45- 60) minutes. Raw scores are based on the number of
items answered and are converted into a standard age score corresponding
to age group, similar to an IQ measure'®.

6. Also behavioral problems were assessed by appropriate Child Behavior
Check-List Parents form (CBCL/6- 18) which is a widely used instrument
that assesses behavioral problems. The CBCL version for ages (6- 18) years
is orally administered to a parent, who rates the presence and frequency of
certain behaviors on a 3-point scale (0= not true, 1= somewhat or
sometimes true, and 2= very true or often true™.

7. Familial Socioeconomic Status Scale""™: This scale had been proved to be
reliable and valid. It can help the user to determine the socioeconomic
level for the Egyptian family. It depends mainly on the monthly income
per person within the family, father's occupation, and father's
education”.

Results:

Of the 37 case patients with meningitis who were enrolled in the study, 2
died, the guardians of one patient refused enrollment, one proved to be TB
meningitis, and 2 were referred to other hospitals for neurosurgical
intervention. At follow-up after (3- 4) weeks after discharge from hospital, an
additional one case patient could not be located; thus, 30 case patients were
available for analysis& 30 in control group.

Case and control subjects enrolled in the study were well matched with

respect to age and gender and socioeconomic features Table 1.
Table (1) Distribution of Age, Gender& socioeconomic status in both Groups

Case Control P Value
Age
11.23£3.7 10.83+4.1 0.518
Male 21 (70%) 21 (70%)
Gender
Female 9 (30%) 9 (30%)
Socioeconomic 100.34+48.87 105+37.85 0.074

The study included 30 cases their age ranged from (6- 18) years old with a
mean of 11.23£3.7 SD. Out of the 30 cases; 21 (70%) were males and 9 (30%)

were females, as in table (2)& figure (1).
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Figure (1) Sex distribution of the studied cases
Table (2) Age and sex distribution of the studied cases

Range 6- 18 Years
Age Mean+SD 11.23£3.7
Male 21 (70%)
Sex
Female 9 (30%)

As regards to the clinical manifestations of the studied 30 cases, all of them
(100%) suffered from fever, 19 (63.3%) suffered from headache, 29 (96.7%)
had neck rigidity, 17 (56.7%) suffered from vomiting, 10 (33.3%) had seizers,
21 (70%) had altered conscious level, 29 (96.7%) were found to have positive
Kernig's or Brudziniski's signs and only two (6.7%) cases had irritability, as in
figure (2).
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Figure (2) Clinical manifestations of the studied cases
CSF examination of the studied cases was done. The WBC count ranged
from (130- 48000) with a mean of 1900£1700 SD. The polymorph count
ranged from (60- 100) with a mean of 88.33£10.94 SD. The lymphocyte count
ranged from (0- 40) with a mean of 11.67£10.94 SD. The sugar content ranged
from (0- 82) with a mean of 38.7£23.56 SD. And the protein level ranged from

(37- 1792) with a mean of 120175 SD, as in table (3).
Table (3) Laboratory investigation of CSF

Range Mean £SD
‘WBC Count 130- 48000 1900£1700
Polymorph Count 60-100 88.33£10.94
Lymphocyte Count 0- 40 11.67+10.94
Sugar 0- 82 38.7£23.56
Protein Level 37-1792 120475

Stanford-Binet intelligence scale test was done for the studied 30 control
and 30 cases. The compsite IQ score of the cases ranged from (36- 118) with a
mean of 87.97+20.09 SD, there were four patient having mental retardation
(two were moderate and two were mild retardation), while that of the control
ranged from (82- 145) with a mean of 104.1£14.19 SD, and the difference
between case and control was highly statistically significant (p< 0.0001), also
there was statistical significance difference(p< 0.05) as regard Verbal

reasoning, Abstract/visual reasoning, Quantitative reasoning and Short term

memory subscales with p value (0.0133, 0.0036, 0.0043&0.0024 respectively)

as shown in table (4).
Table (4) Stanford-Binet intelligence scale test results of the studied control and cases

Case Control P Value
Verbal Range 39-135 65-132 00133
Reasoning Mean +Sd 88.37+20.19 99.57+13.02
Abstract/Visual | Range 36- 134 77-142 0.0036
Reasoning Mean $Sd 89.47+23.43 105.57+17.17
Quantitative | Range 36- 110 76- 142 0.0043
Reasoning Mean +Sd 87.73£16.11 98.73£12.32
Short Term Range 36-129 84- 145
Memory Mean +Sd 91.87£22.98 106.93+12.15 o002
Total 10 Range 36- 118 82- 145 00007
Mean +SD 87.97+20.09 104.1£14.19
There was statistically significance difference in CBCL only in 2 scales

Rule-break problem& Aggression (p= 0.0166& 0.0013) respectively. There was
no statistical significance as regard Anxious/ Depressed, withdrawn, Somatic
complains, social problems, thought problems, Attention problem and other

problem scales as shown in table (5).

Table (5) Child Behavior Checklist (CBCL) parent report syndromes scores of case and control
Case Control P Value
Anxious/ Range 1-12 3-15
0.0984
Depressed Mean £Sd 5.612.82 7£3.59
. Range 0- 30 0- 18
Withdrawn 0.4474
Mean +Sd 9.7£7.43 8.47+4.73
Somatic Range 0-13 0-9
) 0.1462
Complains ~ |Mean +Sd 3.973.8 2.7742.34
Social Range 0-15 0-13
0.1856
Problems Mean £Sd 6.9£3.95 5.63£3.37
Thought Range 0-11 0-7
ough g 04841
Problem Mean +Sd 2.63£2.65 2.2+2.04
Attention Range 0-10 1-8
0.0890
Problem Mean +Sd 5.143.43 3.8312.1
Rule-Break Range 0-14 0-8
0.0166
Problem Mean +Sd 4.5+3.71 254244
. Range 0-12 0-6
Aggression 0.0013
Mean £Sd 4.7+3.03 2.53t1.78
Range I-15 0-31
Other Problem 0.5464
Mean £Sd 7.13£3.69 6.4+5.46
Discussion:

The study employed a prospective, longitudinal design and compared
thirty post meningitis children (one month after discharge) to thirty healthy
subjects without a medical history of neurological disease selected to match the
age, gender and length of school education of the study population (served as a
control group).

Clinical manifestations results were analyzed using the entire group to
determine the percent. Patient diagnosis decisions would be much easier if
everyone with bacterial meningitis presented to the emergency department
with classic triad of meningitis (fever, stiff neck, and altered mental status).

In the current study, analysis of clinical picture data showed that fever was
the most frequent (30 cases, 100%), neck rigidity and positive Brudziniski’s
and Kernig's signs (29 cases, 97%), so fever, neck rigidity and positive Kernig's
or Brudziniski's signs are the most important signs and earliest to appear.
altered level of conscious (21 cases, 70%) headache (11 cases, 37%) vomiting
(17.57%) seizures (10 cases, 33%) and irritability (2 cases, 6%).

Unfortunately, large retrospective and prospective studies have revealed

that just 44%-66% of patients with this disease will present with the so-called
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classic triad of meningitis fever, stiff neck, and altered mental status"?.

Even fever- while a common aspect of the current study; is not present in
all patients with meningitis in other studies. However, it is somewhat
reassuring to learn that the complete absence of fever, stiff neck, altered mental
status, and headache makes the diagnosis of bacterial meningitis very
unlikely®. In the current study, analysis of laboratory data of CSF showed
Gram positive diplococcic in direct gram stain CSF film in 3 samples (10%)
one of them was culture negative (additional value of Gram staining for CSF
culture-negative pretreated patients).

In a large study from Denmark, CSF Gram staining was the only positive
laboratory finding for 4% of 875 patients with bacterial meningitis(m. In an
Indian study of 535 suspected meningitis cases, CSF Gram staining identified
the causative organisms for 36 (65%) of 55 pretreated patients, while CSF
culture was positive for only 5 (9%) patients(22).Positive Gram stain can detect
only bacterial counts higher than 1000 cells per mL in CSF®.

CSF culture remains the gold standard for the diagnosis of bacterial
meningitis, CSF cultures was positive for Streptococcus Pneumonia in 4
samples only (13%). In a study from the United Kingdom including 103
patients with clinically defined meningococcal meningitis, only 13% had
positive CSF cultures®.

Patients with meningitis usually followed up only for hearing and vision
loss and neurobehavioral squeal usually postponed, which is not correct
because developmental deficits have a huge impact not only on the child but
also on the entire family and on society. Concerning neurobehavioral sequelae
in bacterial meningitis group, in the current study, there were significant
differences in Stanford-Binet Intelligence Scale IQ test results between
meningitis and control groups (p <0.01) in the five testing domain (verbal
reasoning, quantitative reasoning, abstract/ visual reasoning, short term
memory and composite 1Q) . However, impairments were not generally severe
as 87% of meningitis group scores fell within the average normal IQ range and
13% were below normal level (four patient having mental retardation, two
were moderate and two were mild retardation). These results agree with the
study done by Peter,” which showed that there might be a tendency towards
lower performance and lower IQ but without being in any way statistically
significant compared with controls.

Statistical analysis statistics for bacterial meningitis and control groups via
syndromes (anxious or depressed, withdrawn, somatic complaints, social
problems, thought problems, attention problems, rule-breaking behavior, and
aggressive behavior), syndrome groupings (Internalizing and Externalizing),
and total problem scores on the Child Behavior Checklist (CBCL) shows that
children in bacterial meningitis group were on average rated to have more
behavior problems, especially for internalizing behaviors of Anxious/
Depressed and Withdrawn problems, as in bacterial meningitis group, 16 and
14 case (53%- 46%) had Anxious/ Depressed and Withdrawn problems
respectively which are significantly different from control group (p <0.05).
Also children having behavior problems for internalizing problem scores were
more in bacterial meningitis group than in control group (22 and16 case
respectively), this difference is statistically significant (p <0.05).

(%) their results showed

Same results were obtained by Samir et al. (2009)
that 65% (33/51) of the children who survived meningitis had [ 1 type of
impairment (30- 40) days after discharge.

Recommendations:

1. Psychometric evaluation by appropriate Stanford-Binet Intelligence Scale
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and Child Behavior Check-List (CBCL) is an easy and not expensive way
to detect neuropsychological Sequelae after bacterial meningitis in children
providing chance for early rehabilitation strategies.

Assess late cognitive and behavioral sequelae in children survived of
bacterial meningitis and also follow up after several years of early detected

neuropsychological sequelae.

References:

1.

10.

1

—_

12.

13.

14.

15.

16.

Commey JO, Rodrigues OP, Akuta FA, Newman M (1994): Bacterial
meningitis in children in Ghana. East Afr Med J; 71: 113-117.

Youssef FG, El-Sakka H, Azab A et al (2004): Etiology, antimicrobial
susceptibility profiles, and mortality associated with bacterial
meningitis among children in Egypt; Ann 14(1):44-88.

Tikhomirov E, Santa MM, Eastern k (1997): Meningococcal diseases:
Public health burden and control .\WLD HIth Statist Quart; 50: 170-177.
Frag HF, Abdel Fattah MM, Yossi AM (2005): Epidemiological, clinical
and prognostic profile of acute bacterial meningitis among children in
Alexandria; Egypt. Indian Journal of Medical Microbiology; (23): 95-101.
Nabi G, Khan TA, Raj AB et al (1992): Bacterial meningitis in children.
Saudi Med J; 13:348-351.

Kaplan SL, Fishman MA (1987): Supportive therapy for bacterial
meningitis. Pediatric Infect Dis J; 6:670-677.

Kaplan SL, Mason Jr EO, Wald ER, et al (2004): Decrease of invasive
pneumococcal infections in children among 8 children’s hospitals in the
United States after the introduction of the 7-valent pneumococcal
conjugate vaccine. Pediatrics; 113:443- 449.

Carter JA, Neville BG, and Newton CR. (2003): Neuro-cognitive
impairment following acquired central nervous system infections in
childhood: a systematic review. Brain Res Brain Res Rev. Sep; 43(1):57-
69.

Nigel Klein (2011): What are the behavioral, emotional and cognitive
impacts of meningitis and septicemia on children? Meningitis Research
Foundation. http://www. teachernet.gov.uk.

Grimwood K, Anderson P, Anderson V (2000): Twelve year outcomes
following bacterial meningitis: further evidence for persisting effects. Arch
Dis Child; 83: 111-116.

. Schmidt H (2006): Neuropsychological sequelae of bacterial and viral

meningitis. Brain Advance Access; 129(2): 333-345.

Taylor, HG, Mills, EL, Ciampi A, et al (1990): the sequelae of
Haemophilus influenza meningitis in school-age children. N Engl J Med,
323: 1657.

Feigin RD, Cutrer W (2009): Bacterial meningitis beyond the neonatal
period. In: Textbook of Pediatric Infectious Diseases, 6thed, Feigin, RD,
cherry JD, Demmler-H.; Saunders, Philadelphia; p: 439.

Koomen I, Raat H and A. Jennekens-Schinkel (2001): Learning and
behavioral problems and quality of life of children after bacterial
meningitis. Kind; 22 (3): 78-92.

Elizabeth Molyneux, Shaikh Qamaruddin, Samir Saha (2011): 5versus 10
days of treatment with ceftriaxone for bacterial meningitis in children: a
double-blind randomized equivalence study. Lancet; 377: 1837-45.

Becker KA (2003): History of the Stanford-Binet intelligence scales:
Content and psychometrics. (Stanford-Binet Intelligence Scales; 5th
Edition Assessment Service Bulletin no. 1) Itasca, IL: Riverside
Publishing.



Childhood Studies Jul.2012

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Achenbach MT (2001): Manual for Achenbach system of Empirically
Based Assessment (ASEBA) school Age from and profiles. Burlington
SVT: University of Vermont Research center for children youth and
families

El-Shakhs A.E. (1995): Familial Socioeconomic Status Scale. Anglo
Library. 2nd edition.

Michael T. Fitch, (2007): Focus On: Meningitis- Beyond Fever, Stiff
Neck, and Altered Mental Status. ACEP News April 2007

Attia J, Hatala R, Cook DI, et al (1999). The rational clinical
Examination. Does this adult patient have acute meningitis? JAMA; 282
(2): 175-181.

Bohr, V, N Rasmussen and B Hansen (1983): 875 cases of bacterial
meningitis: diagnostic procedures and the impact of preadmission
antibiotic therapy; J. Infect. 7:193-202.

Shameem S., C. S. V. Kumar, and Y. F. Neelagund (2008): Bacterial
meningitis. Rapid diagnosis and microbial profile; J. Commun. Dis.
40:111-120.

Gray LD, Fedorko DP (1992): Laboratory diagnosis of bacterial
meningitis. Clin Microbiol Rev; 5: 130-45.

Ragunathan L, M Ramsay and R Borrow (2000): Clinical features,
laboratory findings and management of meningococcal meningitis in
England and Wales; J. Infect. 40:74-79.

Peter D. Moss (1982): Outcome of meningococcal group B meningitis
Archives of Disease in Chidlhood; 57: 616-621.

Samir K. Saha, Naila Z. Khan and A.S.M. Nawshad (2009):
Neurodevelopmental sequelae in Pneumococcal meningitis cases in
Bangladesh. Clinical Infectious Diseases; 48:5S90-96.

21

(Early Detection Of Cognitive And Behavioral...)



(Early Detection Of Cognitive And Behavioral...)

22

Childhood Studies Jul.2012

asll)
wiibabeilan skl Jlihil i e Gl 19 o phd| bbbl il | bl d)
§ sl b

oo JElYI o Kol Al g 4 juall ol gal) o) A0l o3 el
ol e el B B Sl Gl 4] sy slall 2
e il el Gl e agllis 8 ol JUlY) e o
) alilee elanall JEbYI (e dalia 4o ganey 40l duulaally ciliaal
olls sl

clie 8l (S Gandly ol gyl &) S i) e 2
A el Pl awlly . aill 40D Jladl Jaal elad) Jildlg o
A Ay ooy Sall ey eally LAY aae yady asdl
g I3 e eall Bl g 5 d gl iy e (S Sae panilee
b Sl 5 siame waatg LIS 35 ) gea das g5 dgulial

dony i gand) b QRS ASeldl s A padl gl il Jee
ol (a5 oS (5 gny pail 3l el lgaia ol ) Al LY
sl i Giob o Wi 0 o sl LGl apuillyy dgiy 2 sl (SN
((CBCL/6-18)¢ iy ol gl pyiil LY 4l8) Jalall ol gl

o) QUL 1S3 5 s 3 B gale i 3gm gl )l i e i S
e ARG S 4l JSlie 3 s Lad 5 5 58 lad) el e adlis
bl 4o pend




