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Abstract

Introduction

Bacterial meningitis is a known infectious disease which occurs at early ages and should be promptly
diagnosed and treated. Bacterial and aseptic meningitis are hard to be distinguished. Therefore, physicians
should be highly informed and experienced in this area. The main aim of this study was to suggest a system
for distinguishing between bacterial and aseptic meningitis, using fuzzy logic.

Materials and Methods

In the first step, proper attributes were selected using Weka 3.6.7 software. Six attributes were selected using
Attribute Evaluator, InfoGainAttributeEval, and Ranker search method items. Then, a fuzzy inference engine
was designed using MATLAB software, based on Mamdani’s fuzzy logic method with max-min
composition, prod-probor, and centroid defuzzification. The rule base consisted of eight rules, based on the
experience of three specialists and information extracted from textbooks.

Results

Data were extracted from 106 records of patients with meningitis (42 cases with bacterial meningitis) in
order to evaluate the proposed system. The system accuracy, specificity, and sensitivity were 89%, 92 %, and
97%, respectively. The area under the ROC curve was 0.93, and Kappa test revealed a good level of
agreement (k=0.84, P<0.0005).

Conclusion

According to the results, the suggested fuzzy system showed a good agreement and high efficiency in terms
of distinguishing between bacterial and aseptic meningitis. To avoid unnecessary antibiotic treatments,
patient hospitalization, and misdiagnosis of bacterial meningitis, such systems are useful and highly
recommended. However, no system has been yet introduced with 100% correct output and further research is
required to improve the results.
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1. Introduction

Meningitis is an acute inflammatory disease
which impacts the brain and spinal cord and
leads to mortality and morbidity among
children [1-3]. Meningitis is generally
classified into bacterial and aseptic meningitis.
Aseptic meningitis is rarely life-threatening
and full recovery is achieved quickly. On the
other hand, bacterial meningitis is considered a
potential medical emergency since it could
result in death or serious complications. Given
the rapid progress of bacterial meningitis,
diagnosis and antibiotic treatment are of high
priority [4-8].

Children with meningitis are hospitalized and
administered antibiotics, depending on the
culture results. Since laboratory results are
normally prepared within 24 to 72 hours,
distinguishing  bacterial ~ from  aseptic
meningitis is often difficult [4, 6, 9].

World Health Organization (WHO) predicted
that more than one million individuals will be
infected with meningitis per year, mostly in
poverty-stricken and developing countries
[10]. In these countries, excessive use of
antibiotics and poor health care provision have
resulted in bacterial resistance to antibiotics
[11]. On the other hand, distinguishing
between bacterial meningitis and viral
meningitis is intricate bacterial meningitis
has an intricate distinction because of its
misdiagnosis as viral meningitis [12].
Considering the increasing demand for health
care services, artificial intelligent systems are
used to help health care workers and patients
[13]. Studies have shown that a properly
designed expert system is beneficial for
medical decision-making [14]. In this regard,
different systems have been designed to
diagnose and distinguish bacterial meningitis
from other types of meningitis and similar
diseases.

Francoise et al. introduced a medical
consulting system, known as MENINGE,
using numerical scores and threshold values,
based on the statistical analysis of 329 clinical
cases. MENINGE was properly designed to
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diagnose and treat acute meningitis in
children. However, the obtained scores were
dependent on 329 clinical cases which selected
as statistical population [14].

Additionally, Ahmad introduced a rule-based
expert system for diagnosing neurological
disorders  (e.g., Alzheimer, Parkinson,
Huntington's disease, cerebral palsy, epilepsy,
multiple sclerosis, stroke, meningitis, and
cluster headache); however, no evidence was
provided indicating the system’s efficiency
[15].

Ocampo et al. introduced a clinical decision
support system by integrating case-based
reasoning and rule-based expert systems in
order to distinguish bacterial meningitis from
acute viral meningitis, tuberculous meningitis,
encephalitis, brain abscess, meningism,
meningeal inflammatory response, meningeal
hemorrhage, and brain tumor. This system was
highly efficient, although it was dependent on
users’ experiences [16].

In 2011, Ocampo et al. published a study
entitled, “Comparing Bayesian inference and
case-based reasoning as support techniques in
the diagnosis of acute bacterial meningitis”. In
their study, Acute Bacterial Meningitis Case-
Based  Diagnosis (ABMCBDS'  and
ABMCBDS-Adapt expert systems were
compared with Bayesian expert system in
terms of distinguishing bacterial meningitis
from similar diseases. The obtained results
showed that all systems were suitable, while
case-based reasoning-based systems were
more capable than Bayesian system [17].

In artificial intelligence, an expert system is a
computer-based system that emulates the
decision-making ability of a human expert
[18]. The most important point is translating
uncertain terms of medicine for computerized
systems. Establishment of a method to
translate these terms for the system could be
useful and prosperous. These terms are
translated by fuzzy sets and their membership
functions are determined for computerized
systems [19, 20].
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The main aim of this study was to suggest and
evaluate a fuzzy logic system for
distinguishing bacterial and aseptic meningitis.
Hence, proper attributes were identified using
Waikato Environment for Knowledge Analysis
(WEKA) 3.6.7 software. Then, a fuzzy logic
expert system was designed to distinguish
bacterial from aseptic meningitis. Finally, the
system’s efficiency was evaluated using the
data obtained from 106 meningitis patients.

2. Materials and Methods

In this study, three experts with at least 5 years
of experience in the diagnosis and treatment of
meningitis were consulted. A total of 9
attributes  were  selected under expert
supervision including gram stain, white blood
cell (WBC) count in cerebrospinal fluid (CSF),
percentage of polymorphonucleocytes in CSF,
CSF protein, CSF/serum glucose ratio, WBC
count in blood, percentage of blood
neutrophils, blood C-reactive protein (CRP),
and platelet (PIt) count.

The data were collected from 106 meningitis
patients (3 months to 13 years old) from
Children’s Medical Center affiliated to Tehran
University of Medical Sciences (Table 1).
Missing records were removed from our
database, thus, no such values were
encountered. Then, the data were entered to
WEKA software in order to select the best
attributes.

Table 1. Demographic variables

Bacterial meningitis  Aseptic meningitis

Number  Age Number Age
Female 11 4.01+4.1 37 3.6+2.28
Male 31 2.8£2.03 27 3.8£24
Total 42 3.13+1.86 64 3.6+1.7

A number was dedicated to each attribute in
WEKA, using InfoGainAttributeEval, which
evaluates the value of an attribute by
measuring the information gain with respect to
the class and Ranker search method, which
ranks the attributes by individual evaluations
[21]. Six important attributes were selected
with maximum effect to distinguish bacterial
meningitis.

Since the signs and symptoms of the disease
were defined by uncertain linguistic terms,
they were translated to fuzzy sets in order to
design computerized systems [19, 20]. For
instance, CSF WBC count in patients, who
were affected by meningitis, was defined by
two uncertainty terms of normal and high.
Each term was translated to a value between 0
and 1, using membership functions as follows:
“High” fuzzy set of CSF WBC count=

{(x,smf(10,2500) )|xeM} D
( 0X _ 900 x< 10
560 10 < x < 1255
Smf(10,2500) { 210012
[1- [ 50 1255 < x < 2100
\ 1 2100 < x

Where M is the parent set, x is CSF WBC
count, and smf (10, 2500) is membership
function.

An expert system includes three parts:
knowledge base, inference engine, and user
interface [22, 23]. The fuzzy inference engine
is the main part of the fuzzy expert system
which is defined based on fuzzy sets, if-then
rules, and fuzzy reasoning. Fuzzy sets translate
terms, if-then rules define human knowledge,
and either fuzzy reasoning or inference
mechanism is used to help the system archive
reasonable results using fuzzy sets, if-then
rules, and patients’ clinical attributes [24].

In this system, the rule base consisted of eight
rules with 0.8 and 1 weights, based on the
experience of three specialists and textbook
information. Finally, max-min method as or-
and operators, prod-probor method as
implication-aggregation strategy, and centroid
method of defuzzification were employed.

3. Results

According to table 2, the system’s accuracy
((Number of correct assessments)/Number of
all assessments)), specificity((Number of true
negative assessment)/(Number of all negative
assessment)) ,and sensitivity((Number of true
positive assessment)/(Number of all positive
assessment))were  89%, 92%, and 97%,
respectively.
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Table 2. Diagnosis of bacterial meningitis

Truth
Count Other types Bacterial
of meningitis meningitis Total
System Negative 57 1 58
positive 7 41 48
Total 64 42 106

Kappa statistics were calculated to evaluate
agreement between the system and expert
diagnosis  (0.84, P<0.0005). The results
indicated a highly acceptable agreement
according to Landis-Koch criteria [25].
Finally, receiver operating characteristic
(ROC) curve was depicted to illustrate system
performance. The area under the curve was
0.93 which is very close to 1 (indicating higher
system performance) (Figure 1).

ROC Curve
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Figure 1. ROC curve
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been reported in the treatment of meningitis,
given the similarity between bacterial and
aseptic meningitis [4]. A system which can
specifically prevent the late diagnosis of
bacterial  meningitis, prescription  of
unnecessary antibiotics, and unnecessary
hospitalization will be useful in medicine.

In this study, Weka software was used to
decrease the number of attributes until the
system rules were suitable and proper for
discrimination. Since the late diagnosis of
bacterial meningitis can be accompanied by
severe consequences, a diagnostic tool must
aim for 100% sensitivity in distinguishing
bacterial meningitis from aseptic meningitis
[4, 26].

The results of system evaluation displayed
high accuracy and specificity either sensitivity
of system announced the slender probability of
missing patients with bacterial meningitis
Because the sensitivity of system is 97% . In
this study, the system missed a patient with
bacterial meningitis and negative CSF culture.
On the other hand, Francois’s system missed 2
patients with bacterial meningitis among 212
patients [14]. Ocampo’s systems had high
accuracy dependent on users’ experiences.
These systems were used to diagnose and treat
many diseases, although no specific results
were obtained regarding bacterial meningitis
[16,17].

Ahmad’s study did not report any results about

4. Discussion the  system  evaluation  (Table  3).
Late diagnosis of bacterial meningitis and
prescription of unnecessary antibiotics have
Table 3. Reports of systems
systems accuracy sensitivity  specificity = Kappa area under
statistics the ROC
Fuzzy system 89 97 92 k=0.84, 93
P<0.0005
Francoise system 98.2 No No No No reported
reported reported reported
Ocampo’s 97 No No No No reported
systems CBR & RBR reported reported reported
ABMCBDS 90 No No No No reported
reported reported reported
ABMCBDS_adapt 93 No No No No reported
reported reported reported
Ahmad’s system No No No No No reported
reported reported reported reported
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5. Conclusion is classified into different similar types, which
In the current study, capability of fuzzy was in fact another limitation of this study,
method in distinguishing bacterial meningitis given the limited sample size for each type,
from aseptic meningitis was shown, and fuzzy which should be considered in future studies.
expert system was proper for this propose. Acknowledgement:

However, more comprehensive research is We would like to appreciate staff of
necessary to achieve 100% sensitivity. Children's Medical Center Hospital.

Since in many cases, early signs of meningitis
are highly similar to flu, the possibility of
misdiagnosis increases [17, 27] and system
development is limited. In addition, meningitis
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