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Abstract

Background: Bacterial meningitis remains a major cause of mortality and morbidity in
neonatology and pediatrics patients in many countries of the world including Ethiopia.
Information on prevalence of bacterial meningitis, susceptibility of the causative microorganism
to rationalize treatment and associated risk factors is scare among pediatrics groups.

Objective: To isolate bacteria’s from CSF specimen, determine antimicrobial susceptibility
pattern and to assess associated risk factors with special emphasis on Streptococcus pneumoniae
among pediatrics suspected meningitis patients attending pediatrics clinic at Tikur Anbessa and
Yekatit 12 specialized hospitals, Addis Ababa, Ethiopia.

Methodology: A hospital based cross sectional study was conducted at Tikur Anbessa and
Yekatit 12 specialized hospitals, from September, 2013 to January, 2014. A consecutive
sampling technique was used. Three hundred eighty five pediatrics patients attending the hospital
at pediatrics ward that were gave CSF samples for diagnostic purpose were enrolled in the study.
Samples were taken from them and analyzed according to standard microbiological (culture)
procedures, antimicrobial susceptibility pattern were determined using disc diffusion technique
and serological (BinaxNOW streptococcus pneumoniae antigen test) procedure was also done.
Datas were double entered with EPI INFO version 3.5.3 and analyzed using SPSS version 21
software. Binary logistic regression was used to identify the association between variables.
Sensitivity, specificity, PPV and NPV were used to see the performance of the ICT.

Result: Bacterial pathogens were isolated from 17 patients showing an isolation rate of
4.4%.Among these, 58.8% and 41.2% were gram negative and gram positive organisms
respectively. The most commonly isolated bacteria were S.pneumoniae (35.3%), followed by
Neisseria meningitidis (11.8%). Among all risk factors assessed, none of them were statistically
significant with suspected meningitis cases (p>0.05). The antimicrobial sensitivity remained high
for third generation cephalosporins for most of the isolates. The ICT increased the detection of
pneumococcus over culture.

Conclusion The prevalence of bacterial isolates in this study was 4.4%. Antigen detection
(BinaxXNOW S.pneumoniae test in our study) is a better adjuvant to culture. Frequency of single
as well as multiple drug resistance was very high among the bacterial isolates. Area specific

periodic evaluation of antimicrobial susceptibility test will be important.



1. Introduction

1.1.Background

Meningitis also termed arachnoiditis or leptomeningitis, is an inflammation of the membranes
that surround the brain and spinal cord, thereby involving the arachnoid, the piamater, and the
interposed cerebrospinal fluid (CSF). The inflammatory process extends throughout the

subarachnoid space around the brain, the spinal cord, and the ventricles [1].

It has been divided into bacterial meningitis and aseptic meningitis. Bacterial or pyogenic
meningitis is an acute meningeal inflammation secondary to a bacterial infection that generally
evokes a polymorphonuclear response in the CSF. Aseptic meningitis refers to a meningeal
inflammation without evidence of pyogenic bacterial infection on Gram’s stain or culture,
usually accompanied by a mononuclear pleocytosis. Aseptic meningitis is subdivided into two
categories: nonbacterial meningeal infections (typically viral or fungal meningitis), and
noninfectious meningeal inflammation from systemic diseases (such as sarcoidosis), neoplastic

disease (leptomeningeal carcinomatosis or neoplastic meningitis), or drugs [2].

Bacterial meningitis is an acute infection in which the meninges, the subarachnoid space, and the
brain parenchyma are all frequently involved in the inflammatory reaction. This disease is
characterized by severe headache, fever, intolerance to light and sound and rigidity of muscles,
especially those of the neck. The central nervous system (CNS) inflammatory reaction from
bacterial meningitis may result in decreased consciousness, seizures, raised intracranial pressure,

and stroke [3].

The organisms most commonly responsible for bacterial meningitis are Streptococcus
pneumoniae (S.pneumoniae), Neisseria meningitidis (N.meningitidis), Streptococci group B,
Listeria monocytogenes, and Haemophilus influenzae. In children, meningococcal, Haemophilus

influenzae type b (Hib), and pneumococcal infections are the most common causes [4].



Streptococcus pneumoniae bacteria are small (0.5-1.0um) lanceolate, gram-positive, facultative
anaerobic organisms. They are typically observed in pairs (diplococcic) but may also occur
singularly or in short chains. Pneumococci are encapsulated, their surfaces composed of complex
polysaccharides. Encapsulated organisms are pathogenic for humans and experimental animals,
whereas organisms without capsular polysaccharides are not. Capsular polysaccharides are the
primary basis for the pathogenicity of the organism. They are antigenic and form the basis for

classifying pneumococci to different serotypes [5].

Meningitis caused by bacteria is a medical emergency. The therapeutic goal is to initiate
antibiotic therapy within 60 minutes of patient arrival in the emergency room. In patients
suspected of having bacterial meningitis, CSF should be obtained for cultures and empirically
antimicrobial therapy initiated without delay. For many years B-lactams have comprised the
corner stones of therapy and parenteral third generation cephalosporins such as ceftriaxone or

cefotaxime are most commonly used [6, 7].

For the diagnosis of bacterial meningitis, CSF examination is mandatory. CSF culture is the
“gold standard” for diagnosis, and it is obligatory to obtain the in vitro susceptibility of the
causative microorganism and to rationalize treatment. CSF Gram staining, antigen tests, latex
agglutination testing and PCR are additional diagnostic tools that might aid in etiological
diagnoses, especially for patients with negative CSF cultures. Culture-based methods lack
sensitivity, take long period of time to diagnose the patient, the BinaxNOW S.pneumoniae
antigen test, an immunochromatographic membrane assay that detects the presence of the C
polysaccharide cell wall antigen common to all pneumococcal serotypes, is useful for the rapid

diagnosis from CSF samples of invasive pneumococcal disease [6].

Meningitis can occur at any age and in previously healthy individuals. There are some risk
factors that predispose the individual to meningitis. Host risk factors can be grouped into four
categories: age, demographic/socioeconomic factors, exposure to pathogens, and
immunosuppression. Patients at the extremes of age: the elderly (age over 60 years) and pediatric
patients (young children age younger than 5 years, especially infants/neonates) have an increased

susceptibility to meningitis [2].



1.2. Statement of the problem

Bacterial meningitis is one of the most severe infectious diseases, causing neurologic sequelae
and accounting for an estimated 200,000 deaths worldwide per year. Although most diseases
occur in infants, the societal impact is also important because of the continued high incidence in
healthy older children and adolescents. Despite many new antibacterial agents, bacterial
meningitis fatality rates remain high, with reported rates between 2% and 30%. Furthermore,
permanent sequelae, such as epilepsy, mental retardation, or sensor neural deafness are observed

in 10%-20% of those who survive [8, 9].

It is a public health problem demanding early diagnosis, effective treatment, prevention and
control. There are three main organisms that account for over 90% of the world's cases of
meningitis. These are N. meningitidis, S. pneumoniae and H. influenzae type b (Hib). In Africa,
meningitis prevails in the semiarid sub-Saharan area between 10° and 12° North latitude from
West to East Africa, dubbed the meningitis belt. A region in sub-Saharan Africa, extending from
Ethiopia in the east to the Gambia in the west and containing 15 countries with >260 million
people, is known as the “meningitis belt” because of its high prevalence of endemic disease with

periodic epidemics caused by N.meningitidis [9,10].

Endemic meningitis among children takes the form of sporadic cases or small clusters with an
endemicity rate of 1.5/100,000 and 20/100,000 population in the developed and developing
countries, respectively. At least 890,000 cases [500,000 in Africa; 210,000 in pacific countries;
100,000 in Europe and 80,000 in America] are estimated to occur annually. Of these cases,

160,000 and 135,000 of them are disabling and fatal, respectively [11].

Despite great advances in antimicrobial therapy, neonatal and pediatric life support measures,
bacterial sepsis, and meningitis continue to be a major cause of morbidity and mortality in
newborns, particularly in infants. A wide variety of spectrum of organisms has been described
for cases of septic meningitis and this spectrum is subjected to geographical alterations. The
organisms isolated are more often resistant to multiple antimicrobials, making treatment more

difficult and leading to grave sequelae [10].



This calls for the need of bacteriological monitoring in pediatric wards and their antibiotic
sensitivity pattern. Neonates are particularly vulnerable to infections, so any delay in the
initiation of empirical therapy or wrong choice of antibiotic could be fatal. Antibiotics are
usually administered before the laboratory results of CSF culture and sensitivity are available. To
ensure appropriate therapy, current knowledge of the organisms that cause bacterial meningitis
and their antibiotic susceptibility pattern in a particular setting or region is of utmost importance

[6].

The gold standard diagnostic method continues to be culture for diagnosis of bacterial
meningitis. Even though there are limitations of this method in the detection of meningitis cases.
The limited diagnostic technique for this infection in the country remains a challenge for
improving case detection rate. Therefore antigen detection of cerebrospinal fluid specimen

provides a useful adjunct to culture-based diagnosis [5].

Over two-thirds of all cases of bacterial meningitis occur in children less than five years old. The
disease can occur at any age and in previously healthy individuals, although some patients have
an increased risk of meningitis including pediatrics However, there is limited information

available on factors associated with an increased risk for bacterial meningitis in pediatrics [2].

Therefore, the aim of this study was to isolate streptococcus pneumoniae and other bacteria’s
from cerebrospinal fluid, their antimicrobial susceptibility pattern and associated risk factors on
pediatrics suspected meningitis patients at Tikur Anbessa and Yekatit 12 specialized hospitals,

Addis Ababa, Ethiopia, September, 2013 to January, 2014.



1.3. Significance of the study

To be able to diagnose and manage properly, pediatricians’ have to be aware of the types of
micro-organisms prevalent in the local community and their susceptibility against different
antibiotics. What is true in the western may not be similar in other part of the world. There is
paucity of objective data on the causative agents and their susceptibility in these hospital

populations. The current study was undertaken to fill this gap.

All over the world, indiscriminate and irrational use of antimicrobials has led to the development
of antimicrobial resistance owing to significant changes in microbial genetic ecology. Therefore
studying types of micro-organisms prevalent and antimicrobial susceptibility pattern of them
will have useful advantage for clinicians by aiding in the selection of proper drugs for pediatric
meningitis diseases; it will also strengthens the struggle towards the achievement of the

millennium development goal 4 of reducing child death by two-thirds by 2015.

In addition to generating data on the distribution of bacterial isolates from CSF specimen and
their antimicrobial susceptibility pattern related risk factors will give appropriate information for
policy makers. The data that can be obtained from this study will be part of the solution for

current program or will be components for future studies.

This study was also carried out for detection of S. pneumoniae antigen in CSF samples which
will be an alternative for the diagnosis of pneumococcal meningitis and knowing risk factors will

be important for designing preventive strategies.

The purpose of this study was, therefore, to identify the prevalence of bacterial pathogens that
cause bacterial meningitis, to determine their antimicrobial susceptibility pattern and associated
risk factors among pediatrics suspected meningitis patients at Tikur Anbessa and Yekatit 12

specialized hospitals.



2. Literature Review

A comprehensive retrospective study presented with data on causes of bacterial meningitis and
their susceptibility pattern among children at Children’s Medical Center, a referral tertiary care
center in Iran from 1998 to 2008. Of 11269 CSF cultures examined, 329 (2.9%) were positive for
bacterial growth. Staphylococci species and gram-negative enteric organisms were the most
common pathogens isolated. In addition, high rates of oxacillin and vancomycin resistance were
found among staphylococci. In this study more than 80% of gram-negative enteric bacteria were
resistant to ampicillin; they also found high rates of cephalosporin resistance among these

organisms. Over 55% of S. pneumoniae were resistant to penicillin [12].

A study conducted in Nepal in 2011 to determine bacteriological agents, clinical profile and
immediate outcome in patients admitted to children’s ward of Patan Hospital with meningitis.
The result showed that out of 7,751 children, 296 (3.8%) had meningitis. This was a group
ranging from neonates to adolescents aged 18 years. Only 13 (4.4%) of CSF samples taken from
them yielded positive culture reports. The organisms were pneumococcus, Hib, B-hemolytic
Streptococcus, a-hemolytic Streptococcus), N. meningitidis and Pseudomonaes. Whereas Hib

was isolated from young infants, pneumococci were found in the young as well as the old [13].

A prospective study was conducted to assess the etiology of childhood acute bacterial
meningitis, in Turkey, in July 2008. Bacterial etiology was determined in 243 cases; N.
meningitidis was detected in 56.5%, S. pneumoniae in 22.5%, and Hib in 20.5% of the PCR
positive samples. Among N. meningitidis positive CSF samples, 42.7%, 31.1%, 2.2%, and 0.7%
belonged to sero-groups W-135, B, Y, and A, respectively. This study highlights the emergence
of sero-group W-135 disease in Turkey [9].



An analytical study was conducted in Pakistan in 2012 to isolate and identify the causative
pathogen, antibiotic sensitivity testing and success rate of empirical antibiotic therapy in
pyogenic meningitis. Seventeen different bacteria were isolated. The most commonly occurring
bacteria were coagulase negative Staphylococci (25%), E. coli (12.5%), K. pneumoniae (8.3%),
S.pneumoniae (8.3%) and P.aeruginosa (8.3%). All the bacteria were sensitive to vancomycin
(96.7%), meropenem (76.7%), amikacin (75%), ciprofloxacin (65.3%), chloramphenicol
(46.5%), ceftazidime (44.2%), cefepime (41.9%), co-amoxiclav (38.0%), oxacillin (34.8%),
cefotaxime (21.4%), penicillin (20.7%), ceftriaxone (18.6%), cefuroxime (14%) and ampicillin
(6.9%). The combination of sulbactam and cefoperazone showed antimicrobial sensitivity of

81.4%. The success rate of empirical antibiotic therapy was 91.7 % [14].

A study conducted in India from 2007-08 to determine antimicrobial susceptibility of Gram
positive CSF isolates in septic meningitis in a tertiary care hospital. CSF was collected from 638
admitted children clinically suspected of septic meningitis. Of the samples tested 102 (15.99%)
were culture positive of which 45 (44.12%) were found in children aged 1-12 years. The isolates
in 66 (64.71%) cases were Gram positive of which 36 (54.55%) were Streptococcus spp., 24
(36.36%) Staphylococcus aureus and 6 (9.09%) cases coagulase negative Staphylococcus. Both
Streptococci and coagulase negative Staphylococci were highly sensitive (100%) to Linezolid,
Vancomycin and Piperacillin-Tazobactam. However, Staphylococcus aureus were 100%
sensitive to Linezolid and Vancomycin but it was only 87.5% sensitive to Piperacillin-
Tazobactam combination. The Streptococcus species showed a high degree of resistance to
Tetracyclin 91.67%, Co-trimoxazole 88.89% and Penicillin 63.89%. Staphylococcus aureus
showed resistance to the tune of 83.33% each to Tetracycline and Co-trimoxazxole and 79.17%
with Penicillin. In case of coagulase negative Staphylococcus, Co-trimoxazole showed resistance

in 83.33%, Penicillin in 66.67% and Tetracycline in 50% cases [10].



Another study conducted in Ahmedabad from 2010-2011, bacterial pathogens were isolated from
205 samples showing an isolation rate of 13.94%. Gram’s stain positivity was 61.95%. Among
the isolated organisms, 69.26% were gram negative bacilli and 30.74% were gram positive cocci.
The most commonly isolated bacteria were K. pneumoniae (22.92%) & S. aureus in 19.02%.
Pyogenic meningitis was more common in pediatric patients than adults. K. pneumoniae and
Enterococci spp. were most common isolated in neonatal age group. Most common organisms
isolated in neurosurgical patients were P.aeruginosa and S.aureus. 09.10% gram negative
organisms were extended spectrum [-lactamase (ESBLs). Only 2 Gram positive isolates were

methicillin resistant S.aureus (MRSA) [15].

A prospective study in Morocco was conducted in 2012 to investigate the causes of invasive
bacterial diseases in children in order to inform antibiotic therapy and vaccine choices. Of 238
children aged < 5 years admitted to the Children’s Hospital of Casablanca for invasive diseases
over a 12-month period, 185 were diagnosed with bacterial infection: seventy six had chest-X-
ray-confirmed pneumonia, 59 had meningitis and 50 had sepsis. S.pneumoniae was the most
common pathogen identified, followed by N.meningitidis (all group B) and H. influenzae. The
rate of penicillin non-susceptibility was 62.5% among S. pneumonia isolates and 11.1% among
N. meningitidis. All the isolates were ceftriaxone-susceptible. Of the 11 H. influenzae isolates,
only 1 produced a beta-lactamase. The five predominant S.pneumoniae serotypes were 19F, 14,
23F, 6B and 19A and the theoretical coverage of the 7, 10 and 13-valent pneumococcal

conjugate vaccines was 60%, 78% and 91% respectively [16].

A cross-sectional descriptive study of routinely collected antibiotic susceptibility data from the
Namibia Institute of Pathology database which were results of CSF culture and sensitivity from
2009-2012 at Namibia were analyzed. The most common pathogens isolated were Streptococcus
species, Meningitidis, Influenzae, Staphylococcus, and Escherichia coli. The common isolates
from CSF showed high resistance to penicillin. Over one third (34.3%) of Streptococcus were
resistance to penicillin. The sensitivity to cephalosporin remained high for Streptococcus,

Neisseria, E. coli and Haemophilus [17].



A study carried out in Libya in 1998 with a 14 month period, 77 children with a presumptive
diagnosis of acute bacterial meningitides were investigated with a rate of isolation 0.8%.
Children <1 year of age were more affected (64.9%).A total of 48 isolates identified; H.
influenzae (33.8%) was predominant followed by S.pneumoniae (26.0%), klebsiella spp (6.5%)
and N.meningitidis (2.6%). Many of the bacterial isolates were sensitive to gentamycin,

cefotaxime, and ceftriaxone and least sensitive to tetracycline and ampicillin [18].

A study in Nigeria from October 2005 to December 2006, to see the etiology of invasive bacteria
isolates from children with severe infections in a Nigerian hospital. Fourteen out of 67 (20.9%)
of the CSF samples yielded bacterial isolates: S. pneumoniae, 3 (4.5%); H. influenzae, 8 (11.9%);
Haemophilus spp, 1 (1.5%); E. coli, 1 (1.5%); and atypical coliform, 1 (1.5%). Gram-negative
coliform isolates were predominantly resistant to penicillin based antibiotics and co-trimoxazole

but sensitive to third-generation cephalosporin’s and quinolones [19].

A hospital-based surveillance of ABM among children admitted to Manhic, a District Hospital
(Maputo, Mozambique) in 2006. CSF samples were collected from 642 children <15 years of age
with suspected meningitis. ABM was confirmed in 43 (7%) of the 642 cases. Hib (14 cases),
pneumococcus (9 cases), and meningococcal (7 cases) represented ~70% of confirmed cases. All
9 pneumococci isolates were susceptible to chloramphenicol, and 8 were susceptible to penicillin
(the additional 1 had intermediate resistance). For the 10 Hib isolates tested, only 1 was

susceptible to chloramphenicol, and 5 were susceptible to ampicillin [20].

A similar study conducted in Egypt to determine bacterial isolates from CSF specimen from
hospital patients in Cairo, 1977-78.The result showed that from 1627 samples, there were 77
bacterial isolates (22%). Pneumococci were the most common and the serotype distribution was
similar to that reported from other parts of Africa; second were meningococci; thirdly
Haemophilus influenzae type b were isolated. There were many clear CSF specimens that were
found to contain pneumococci, meningococci or H. influenzae type b, confirming the need for
more comprehensive laboratory facilities for accurate diagnosis of the etiology of bacterial

meningitis [21].



A comparable study conducted in Alexandria, Egypt three hundred and ten patients (195 males
and 115 females) were included in the study. About 65.2% of them were infected with acute
bacterial meningitis and 34.8% were infected with aseptic meningitis. In this study, ABM was
caused by H.influenzae (21%), S.pneumoniae (13.9%), N.meningitidis (14.2%) and other
undetermined bacteria (16.1%). ABM showed significant association with age group 1-9 years
(66.3%), low socio-economic class (96%), working mother (83.2%), more than two smokers in

the family (62.9%) and cold seasons(fall 35.1% and winter 48.5%) [11].

A study conducted in 2011 in Hawassa Referral Hospital, South Ethiopia to assess drug
resistance pattern of S.pneumoniae among clinically diagnosed cases of pneumonia, meningitis
and otitis media. The result showed that 61.2% were males. Of cultured 152 patients’ samples
21.4% growth S.pneumoniae. The highest resistance rate was seen for ampicillin and penicillin
but lowest for chloramphenicol. Sixty four point two percent (64.2%) of the isolates were

resistant to two or more antimicrobial agents [22].

Another study conducted in 2005 Gondar University Teaching Hospital, Northwest Ethiopia to
identify bacterial pathogens that cause meningitis and to assess the antibiotic susceptibility
patterns of the isolates from the CSF of acute bacterial meningitis samples. The result showed
that bacterial pathogens were isolated from 22 patients showing an isolation rate of 5.6%. The
most commonly isolated bacteria were N.meningitidis 10(45.5%) and S.pneumoniae 7(31.8%).
Among gram positive organisms S. pneumoniae showed a high level of drug resistance against
chloramphenicol 4(57%), tetracycline 3 (43%), co-trimoxazole 3(43%), ampicillin 3(43%), and
gentamicin 1(14%). Among gram negative bacteria, N.meningitidis was found to be resistant to
co-trimoxazole 5(50%), chloramphenicol 3(30%), gentamicin 3(30%) and ampicillin 2(20%).
The single isolate from Proteus species was found to be resistant to co-trimoxazole and
tetracycline. E. coli was found to be resistant to all antibiotics except for gentamicin and
ciprofloxacin. Multiple drug resistance was observed in 50% of the isolates. No organism was

found to be resistant to ciprofloxacin [23].
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A similar study in Gondar was conducted from 2002-2012 to determine bacterial profile and
antimicrobial susceptibility pattern of bacterial meningitis among neonates and children at
Gonder university hospital, Northwest Ethiopia. From 2170 CSFs bacterial pathogens were
isolated from 97 patients with an isolation rate of 4.5%.S.pneumoniae 35(36.1%), followed by
N.meningitidis 28(28.9%) and Hemophilus species 9(9.3%).The gram positive bacteria were
constituted 52(54.7%).Among gram positive level of drug resistance against Co-trimoxazole
24(68.6%),gentamycin 23(65.7%),tetracycline 14(40%),penicillin 12(34.3%) and
chloroamphinicol 9(25.8%).0f the gram negative bacteria N. meningitidis was found resistance
to Co-trimoxazole 24(85.8%) , tetracycline 19(67.8%) ,ampicilin 9(52.2%), gentamycin 7(25%)
and penicillin 6(21.55%).Multidrug resistance was observed in 61.9% of the isolated bacteria

[24].

Another similar study in Gondar was conducted to assess the common bacterial isolates and their
antimicrobial resistance pattern. CSF samples delivered for culture from September 2009 to
march 2011 was retrospectively collected from microbiology registration book. Bacteria were
isolated from 75 patients which makes the isolation rate 4.3%, 3.7% among males and 5.1%
among females the common bacterial isolates were S.pneumoniae, N.meningitidis and E.coli.
S.pneumoniae showed a high level of drug resistance against cotrimoxazole, gentamycin and
tetracycline. The single isolate of viridian streptococci was 100% resistance to ciprofloxacin,
erythromycin, gentamycin and cotrimoxazole. N.meningitidis was 95.3% and 57% resistant to
cotrimoxazole and gentamycin respectively while they were sensitive to penicillin (100%) and
ceftriaxone (90.9%). E.coli showed 100% resistance to cotrimoxazole, tetracycline, ampicilin

and naldixic acid but the isolates were sensitive to ceftriaxone [25].
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3. Objectives

3.1.General objective:

#+ To determine prevalence of bacterial isolates from cerebrospinal fluid, their
antimicrobial susceptibility pattern and associated risk factors with special emphasis
on S.pneumoniae among pediatrics suspected meningitis patients at Tikur Anbessa
and Yekatit 12 specialized hospitals, Addis Ababa, Ethiopia, Sept, 2013 to Jan, 2014.

3.2.Specific objectives:

+ To determine the prevalence of bacterial isolates from CSF specimen among
pediatrics suspected meningitis patients.

+ To determine the antimicrobial susceptibility pattern of bacterial isolates.

=

To identify associated risk factors with bacterial meningitis.
+ To compare the prevalence of S.pneumoniae isolates based on culture and

BinaxXNOW Streptococcus pneumoniae antigen test results.
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4. Materials and methods
4.1. Study Area

The study was conducted at pediatric departments of Yekatit 12 and Tikur Anbessa specialized
hospitals, Addis Ababa, Ethiopia. Based on 2007 census results Addis Ababa has a total
population of 2,738,248, consisting of 1,304,518 men and 1,433,730 women, and from which
195,932 are children under five years of age. With an estimated area of 530.14 square kilometers
(204.69 square mile), this capital city has an estimated density of 5,165.1 inhabitants per square
kilometer (13,378 / m?).

Tikur Anbessa specialized Hospital is the largest teaching hospital found in the college of health
science, Addis Ababa University, Ethiopia, with about 800 beds. It is staffed by 130 specialists

and 50 non-teaching doctors. The emergency department sees around 80,000 patients per year.

Yekatit 12 hospital is a tertiary care center that has been on renovation for the last few Years. It
is one of the hospitals under Addis Ababa city administration health bureau having pediatrics,
surgery, gynecology, psychiatry, HIV care and an outpatient clinic that has been giving routine
health services for the city community and other referral cases from different regional states of

Ethiopia.

Study sites were selected according to pediatric facilities (senior pediatrician) as well as
laboratory test available (microbiology culture test availability or vicinity to the microbiology

laboratories).
4.2. Study design and period

A hospital based cross sectional study was conducted from September, 2013 to January, 2014 at

Yekatit 12 and Tikur Anbessa specialized hospitals Addis Ababa, Ethiopia.
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4.3. Population

4.3.1. Source population

All pediatrics patients attending at Yekatit 12 and Tikur Anbessa specialized hospital pediatric

clinics during the study period.
4.3.2. Study population

Pediatrics patients who were suspected to have bacterial meningitis willing to give CSF sample

for their diagnostic purpose.

4.4. Eligibility

4.4.1. Inclusion criteria

All patients <15 year with suspected meningitis and willing to give CSF sample for their

diagnostic purpose and their mothers/guardians signed a consent were included in the study.

4.4.2. Exclusion criteria

Those with pneumococcal vaccine in the past one week, who started antibiotics before fourteen

days and who were not willing to participate during the study period were excluded.

4.5. Study variable
4.5.1. Dependent variables

+ Bacterial isolates from CSF specimen
+ Comparison of BinaxNOW S.pneumoniae antigen test with culture

4.5.2. Independent variables

» Socio demographic characteristics.

» Associated risk factors
4.6. Sample size and sampling technique

Since the study is based on a single population proportion the sample is calculated as follows;
(Za/Z)ZP(l - P)

n
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where; n is the sample size to be determined, Za/> is 1.96, p is the prevalence (4.5 %) (Mulat D et
al,2012),1-p is (95.5%) and d is margin of allowable error. Since p<10%, d=p/2,
d=0.0225 according to Naing et al [28].Using the above formula and considering 95% confidence
interval;
n= (1.96)%(0.045)(0.955)
(0.0225)?
n= 326

% Therefore consecutive sampling technique was used until the sample size determined was

met.
4.7. Data collection and processing

4.7.1. Data and specimen collection

A structured questionnaire was used to collect socio demographic and risk factors data on
suspected cases of meningitis, medical history and the required information of each patient by

asking care takers or the responsible clinician.

The CSF specimen taken by the physician using lumbar puncture was used for white blood cell
count, gram stain, differential, protein, culture and BinaxNOW S.pneumoniae antigen test. The
volume and gross appearance of CSF i.e. clear, bloody/traumatic, cloudy and xanthochromic
were recorded. For cloudy specimen gram stain was done before centrifugation, if not the CSF
specimen was centrifuged for Gram stain. The CSF was also centrifuged if the volume of fluid

was greater than 1 ml, centrifuge for 15 min at 2500-3000 rpm.

4.7.2. Transport of specimens

After collection, the CSF samples were immediately transported to the clinical microbiology
laboratory of Yekatit 12 and Tikur Anbessa specialized hospitals, where the laboratory
investigations (BinaxNOW S.pneumoniae antigen test (Binax, Inc., Scarborough, Maine 04074

USA), culturing (inoculation), species identification and susceptibility test) were performed.
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4.7.3. Specimen processing , culture and identification

4.7.3.1.Microbiological investigation

All the specimens were inoculated onto Blood agar, chocolate agar and Macconckey agar. The
blood and chocolate agar plates were incubated at 35-37°C in a candle jar with capnophilic(5-
10% co2) environment; Macconckey agar was incubated aerobically, which was used for the
isolation of gram negative aerobic bacteria that need oxygen for their growth and examined for
the presence of any bacterial growth after 24 hours. Those plates showing no growth were

incubated for another 24 hours.

The plates were examined macroscopically for morphological and presumptive identification.
The suspected isolates were identified by colonial morphology such as Hemolytic reaction (on
blood agar plate), pigment production or color changes surrounding carbohydrate fermenting
colonies (on MacConkey agar plate).Other identification methods were Colony characteristics
(white, golden yellow, pink, grey in color or mucoid in appearance) and Gram’s stain under
microscopic examination. Conventional biochemical tests (such as catalase, coagulase, oxidase,
hydrogen sulphide test, urease, indole, citrate, sugar utilization tests and bile solubility test),
susceptibility to Optochin were also used to identify the bacteria. Cultures of these samples were

performed according to standard microbiological methods (Annex VIII) [29].

4.7.3.2. Antimicrobial susceptibility test

Antimicrobial susceptibility pattern of the isolates were studied by using the criteria of Clinical
and Laboratory Standards Institute (CLSI) and Kirby-Bauer technique by disc diffusion method
on Muller-Hinton Agar (Oxoid, Ltd, England) for gram negative isolates. Muller-Hinton Agar
supplemented with 5% Sheep blood was also used for fastidious bacteria such as S.pneumoniae
and N.meningitidis. From a pure culture 3-5 pure colonies of bacteria were taken and transferred
in to a tube containing 5 ml sterile nutrient broth (Oxoid) and mixed gently until the turbidity of

the suspension become adjusted to a McFarland 0.5 standard.
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Using sterile cotton swab, the bacteria were seeded evenly over the entire surface of Mueller-
Hinton agar (Oxoid) for gram negative bacteria’s and fastidious bacteria like S.pneumoniae ,
N.meningitidis etc. were seeded on Mueller-Hinton agar supplemented with 5% of sheep blood

agar by rotating at 60°C for at least three times[36].

The plates were left at room temperature to dry for 3 to 5 minutes and a set of antibiotic discs
(Oxoid) with the recommended concentrations were placed on the surface of a Muller Hinton
agar. The following antibiotics discs were used (Ampicillin (AMP,30pg) ,Gentamycin
(GN,10ug),Sulfomethoxazole/Trimethoprim(SXT, 1.25ug),Chloroamphenicol(C,30pg,Ciprofloxa
cin(CIP,5pg),Tetracycline(TTC,30pg),Clindamycin(Cln,2pg),Penicillin(P,10unts),Norfloxacin(N
OR,10pg), Vancomycin(Van,30ug),Ceftazidime(CAZ,30),Cefuroxime/sodium(CXM,30ug),Ceph
azolin (KZ,30pg),Cefotaxime (CTX,30ug) and cefoxitin(FOX,30ug).

Finally, fastidious organisms seeded were incubated at 37°C in a candle jar of capnophilic
environment and the other plates incubated at 37°C for 24 hours aerobically. Diameters of
growth inhibition around the discs were measured by caliper and interpreted as sensitive,

intermediate or resistant as per the standard protocol (Annex VIII) [36].

4.7.3.3.BinaxNOW S. pneumoniae antigen test

The BinaxNOW S. pneumoniae antigen test (Binax, Inc., Scarborough, Maine 04074 USA) is an
immunochromatographic assay that uses a rabbit anti-S.pneumoniae antibody, conjugated to
visualizing particles, to bind any soluble pneumococcal antigen (C polysaccharide) present in the

urine and CSF samples [31].

A negative sample gave a single pink-to-purple colored control line in the top half of the
window, indicating a presumptive negative result. A positive sample also gave two pink-to-
purple colored lines. Specimens with low levels of antigen may give a faint patient line. Any
visible line is positive. If no lines were seen, or if just only the sample line was seen, the assay

was invalid .Invalid tests should be repeated [31].

CSF samples were immediately tested using BinaxNOW or otherwise the CSF was stored at

room temperature until the next day to perform the tests.
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4.8. Data quality assurance

The pre-analytical, analytical and post-analytical phases were controlled throughout the process
of the study. Moreover site assessment and pre-test were conducted prior to the actual data
collection. Data collection was done after the data collectors received on-site training. The data

were cheeked for completeness and representativeness prior to entry.
4.8.1. Pre-analytical considerations

SOPs for specimen collection was applied. The specimen (CSF) had been collected and handled
properly. CSF was collected in a sterile tube. Each specimen was clearly labeled. As much as

possible these specimens were received in the laboratory and processed soon after collection.
4.8.2. Analytical considerations

The sample (CSF) was spread on a solid culture medium which was first checked for sterility and
performance of culture media then the remaining tested on BinaxXNOW S.pneumoniae antigen
test. The sterility of culture media were checked by incubating 3-5 % of the batch at 35 — 37°C

overnight and observed for bacterial growth. Those media which showed growth were discarded.

The performance of culture media were also controlled by using various quality control strains
such as E. coli ATCC 25922 and S.aureus ATCC 25923. The organism identified based on
colony characteristics and identification tests. Quality assurances for the BinaxNOW

S.pneumoniae antigen tests were conducted according to the manufacturer’s direction.

1) Daily quality control: The BinaxNOW S. pneumoniae test contains built-in positive
and negative procedural controls. The manufacturer’s minimum recommendations for
daily quality control was to document these procedural controls for the first sample
tested each day.

i1) External positive and negative controls: BinaxNOW test kits contain positive and
negative control swabs. These swabs were monitoring the entire rapid test assay.
Good laboratory practice suggests the use of positive and negative controls to ensure

that: test reagents were working and the test was correctly performed.
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4.8.3. Post analytical considerations

Verification and interpretation of the test results were done properly. The data entry was done by
two individuals and checked for agreement. Cross checking of the data with the result paper was

also conducted.

4.9. Data processing and analysis

Data was entered into EPI info version 3.5.1 and transferred to SPSS version 21 for analysis.
Binary logistic regression were performed for identifying risk factors which had significant
association with suspected bacterial meningitis cases and multiple logistic regression for
identifying factors which had significant association with this meningitides disease. Odds ratio
with 95% confidence intervals (CIs) that do not include 1.00 and P values <0.05 were considered

statistically significant. Tables and graphs were used for data presentation.
4.10. Dissemination of results

After conducting the research, results was presented to the department of medical laboratory
sciences, college of health sciences, Addis Ababa University and other concerned bodies. The

manuscript will be submitted to peer reviewed journals for publication.
4.11. Ethical considerations

The proposal was ethically approved by the Departmental research and ethics review committee
(DRERC) of the department of Medical Laboratory Science, School of Allied Health Science,
College of Health Science, Addis Ababa University. Addis Ababa regional health bureau was
reviewed again, approved and gave permission letter. Permission was also obtained from Tikur
Anbessa and Yekatit 12 specialized hospitals. Informed consent was gained from every
participant’s mother/guardian. Patient identities was coded and any information was kept
confidential. Patients positive with serological and culture method was consulted with their

physician and ensured proper treatment.
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4.12. Project management

Cross-checking and data cleaning was done and missing information obtained by going back to
the questionnaire. All laboratory and clinical data were recorded on appropriate record during the

study period and the data was stored in a CD, flash, floppy disk, attached on Email address.

4.13. Operational definition

Suspected bacterial meningitis: fever (temperature >38°C) and at least one of the following
meningeal signs: convulsions, bulging fontanelle in children or stiff neck; poor sucking or

irritability; prostration or lethargy; or petechial or purpural rash. [26].

Probable bacterial meningitis: A suspected meningitis case (as defined above) with CSF
examination showing at least one of the following: turbid appearance, leukocytosis (> 100
cells/mm?), leukocytosis (10-100 cells/ mm?®) and either an elevated protein (>100 mg/dl) or

decreased glucose (< 40 mg/dl).

Confirmed meningitis: A suspected meningitis case that is laboratory-confirmed by growing
(i.e. culturing) or identifying (i.e. by Gram stain, antigen detection, immunochromotography,
PCR or other methods) a bacterial pathogen (Hib, pneumococcus or meningococcus) in the CSF

or from the blood in a child with a clinical syndrome consistent with bacterial meningitis.

Qualitative tests: those candidate methods that provide only two categorical responses (i.e.

positive/negative or yes or no results).

Gold standard: a non-specific term that indicates a processes or material(s) is the best available

approximation of the truth.

Suspect: A clinically compatible case that is not yet laboratory confirmed and is not

epidemiologically linked to a confirmed case [27].

Pediatrics: Age less than or equal to fifteen year.
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5. Results

5.1.Socio-demographic characteristics

A total of 385 pediatric patients participated in this study. Fifteen subjects were excluded from

the study because of reasons like guardians/mothers refused to consent to take part in the study.

From pediatric participants included in the study 234(60.8%) of them were males and 151
(39.2%) females with age range of 1 day to 15 years with mean age (standard deviation) of
2.58(#4.25) years. One hundred fifty four (40.0%) of them were neonates (birth to 1month), 94
(24.4%) of them were infants and others were one year to fifteen year (137(35.6%)) (Figure 5.1).
Study subjects mothers/guardians educational status were, 128(33.2%) unable to read and write
and the others (257(66.8%)) were at primary and above schools. Majority of them were urban

dwellers, 277 (71.9%) while 108 (28.1%) were lived in rural areas (Table 5.2).
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Figure 5.1: Age and sex distribution of patients (n=385) investigated for suspected cases
of meningitis at Yekatit 12 and Tikur Anbessa specialized Hospitals from Sept, 2013 to
Jan, 2014.
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5.2.Prevalence of Bacterial Isolates

The CSF appearance was clear in 278 (72.2%), slightly cloudy 82(21.3%) and turbid in 25
(6.5%) of the cases. The turbid appearance of CSF was an indication of presence of bacterial
meningitis. In most of the cases WBC count remained normal (n=329, 85.5%, WBC<05 cells).
However, it was increased in some of meningitis patients (n = 56, 14.5%), among these most of
them had a high percentage (>70%) of polymorphonuclear cells (n = 36 (64.3%), and in others

increased lymphocyte (n=20, 35.7 %) count was observed.

Among a total of 385 suspected meningitis cases bacterial pathogens were isolated from 17
pediatric patients showing an isolation rate of 4.4%.The gram stain detected 20 suspected cases

of meningitis than culture which detected 17 suspected cases of meningitis.

The number of pathogens isolated were greater in females than males. Pathogen isolation rate
was higher in neonates 9(6.5%) than in the other age groups [infants 4(2.9%), children 4(4.6%)
and none from adolescents]. Out of 9 species, 2 species were gram positive and 7 species were
gram negative bacteria’s. Gram negative bacteria’s 10(58.8%) were more than gram positive
bacteria’s 7(41.2%). S. pneumoniae 6(35.3%) was found to be the most frequent isolate followed
by N.meningitidis 2(11.8%), Proteus species 2(11.8%), E.coli 2(11.8%), Klebsiella pneumoniae,
Acenitobacter species, Citrobacter species, Pseudomonas aeruginosa and Streptococcus
pyogenes each 1 (5.9%). The majority of S. pneumoniae 4(66.7%) were isolated from neonates.
Multiple infections were not observed. The type and frequency of pathogens isolated from CSF

is shown in Table 5.1.
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Table 5.1 Bacterial profile isolated from culture of CSF among suspected meningitis
pediatrics patients at Yekatit 12 and Tikur Anbessa specialized Hospitals from Sept, 2013

to Jan, 2014.
Organisms Neonate(1-30 Infant(Imon-1yr) Children(lyr-12yr) Number

day)

M F T M F T M F T Total (%)
S.pneumoniae 1 3 4 0 1 1 0 1 1 6(35.3)
N.meningitidis 0 1 1 0 0 0 1 0 1 2(11.8)
E.coli 0 0 0 2 0 2 0 0 0 2(11.8)
Citrobacter species 1 0 1 0 0 0 0 O 0 1(5.9)
Proteus species 1 0 1 0 1 1 0 0 0 2(11.8)
S.pyogenes 0 0 0 1 0 1 0 0 0 1(5.9)
Acenitobacter 1 0 1 0 0 0 0 O 0 1(5.9)
species
Klebsiella 0 0 0 0 0 0 0 1 1 1(5.9)
pneumoniae
Pseudomonas 0 1 1 0 0 0 0 0 0 1(5.9)
aeruginosa
Total 4 5 9 3 2 5 1 2 3

17(100)
M=Male F=Female T=Total
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5.3.Possible risk factors for Bacterial meningitis

Table 5.2: Association of selected risk factors for bacterial meningitis among suspected
cases of meningitis with prevalence of bacterial meningitis (N=385) among pediatrics

patients at Tikur Anbessa and Yekatit 12 specialized Hospitals, Sept 2013 to Jan, 2014.

Variables Bacterial growth COR P-value
95%CI
Pos Neg
Ne (%) Ne (%)
Sex Female 9(6) 142(94) 0.5(0.2-1.5) 0.242
Male 8(3.4) 226(96.6) 1
Address Urban 12(4.3) 265(95.7) 1
Rural 5(4.6) 103(95.4) 0.9(0.3-2.7) 0.898
Educational status Illiterate 6(4.7) 121(95.3) 1.43(0.5-3.8) 0.48
Formaledu &  10(3.9) 247(96.1) 1
Above
Occupation of House wife 13(4.7) 263(95.3) 0.77(0.2-2.4) 0.655
mother/guardian Others 4(3.7) 105(96.3) 1
Way of cooking food Non-Electric 14(5.5) 239(94.5) 2.6(0.7-9.2) 0.137
Electric 3(2.3) 129(97.7) 1
No of house partition <4 17(4.7) 343(95.3) 80(0) 0.998
>4 0(0) 25(100) 1
No of people sharing >4 6(5.1) 111(94.9) 1.2(0.4-3.4) 0.671
the same room with the ~ 2-3 11(4.1 256(95.9) 1
child
Day care attendance Yes 3(4.8) 60(95.2) 1.1(0.3-3.9) 0.884
No 14(4.3) 308(95.7) 1
Industry left surplus Yes 1(5.0) 19(95.2) 1.1(0.1-9.0) 0.898
product No 16(4.4) 346(95.6) 1
Has your child been Yes 1(2.3) 42(97.7 0.486(0.06-3.7)  0.486
sick in the previous 10 No 16(4.7) 324(95.3) 1
days &hospitalize
Exposure to smoker in Yes 3(8.3) 33(91.7) 2.12(0.6-7.7) 0.255
the house No 14(4.1) 327(95.9) 1
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From all the risk factors assessed, 71.9% of caretakers were urban dwellers’. The majority of
them (128, 33.2%) involved in the study were Illiterate followed by mothers taken formal
education and above (257, 66.7%) (Figure 5.2). Two hundred seventy six (71.7%) of the mothers
involved in this study were housewives while 35(9.1%), 46(11.9%), 11(2.9%) of mothers were
working in governmental or non-governmental institutions, engaged in private business and

farmers respectively.
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Figure 5.2. The educational levels of mothers whose children were involved in the study at
Yekatit 12 and Tikur Anbessa specialized Hospitals from September, 2013 to January,
2014. (Key for educational levels; 1=Illiterate, 2= below 4" grade, 3=below 8" grade
4=High school, 5=certificate, 6=diploma, 7=1% degree and above)

The majority of pediatric subjects 198(51.4%) were solely feeding on breast milk while
62(16.1%), 22(5.7%), 99(25.7%) of subjects were feeding on formula milk only, combination of
formula milk and breast milk; and additional foods respectively. Based on number of house
partition the pediatrics participants (360, 93.5%) were lived in house having <4 partitions and the
others (25, 6.5%) were lived in house partitions >4. Two hundred sixty seven (69.5%) of them
were sharing with 2-3 peoples, while 117 (30.5%) were sharing >4 peoples the same room.
Among the total, 322 (83.6%) participants were not used day care center. Industries that left
surplus products were 20 (5.2%) in participants’ environment. Habit of smoking of caretakers

were recorded as 36(9.4%).
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Forty one percent used wood, 34.2% used electricity and 24.4% used kerosene for cooking food.
Near to fifteen percent (14.5%) of participants were taken BCG vaccine and 95.5% were vaccine
free before seven days of sample collection. History of hospitalization in the previous month
were seen in 11.2% of participants. Among all these variables none of them were showed

significant association with suspected meningitis cases (p>0.05). (Table 5.2)
5.4.Antibiotics susceptibility pattern of bacterial isolates

Among the gram positive organisms S.pneumoniae showed a high level of drug resistance
against Tetracycline 3 (50%), clindamycin 3(50%), penicillin 2(33.3%), vancomycin 2(33.3%),
Trimethoprim/sulfomethoxazole 2(33.3%) and chloramphenicol 1(16.7%).However all the
isolates were sensitive to ceftriaxone and cefotaxime. One S.pyogenes was found resistant to
tetracycline but was sensitive to chloramphenicol, clindamycin and cefoxitin. The pneumococcal
isolates was proved to be more sensitive to third generation cephalosporin in this study while
least resistance was shown by these organisms. There was increasing resistance among major
pathogen which cause meningitis to most of the traditional antimicrobial agents used as initial
therapy prior to the availability of bacteriological agents. The S.pneumoniae isolates have shown

full susceptibility for the drugs chloramphenicol, ceftriaxone and cefotaxime. (Table 5.5)

All E.coli showed resistance to ampicillin and tetracycline, 50% resistance to cefazolin,
gentamycin, norfloxacin, cefotaxime, ceftriaxone, ceftazidime and nalidixic acid. However, all

were sensitive to chloramphenicol and kanamycin.

All Proteus species were resistant to ampicillin, tetracycline, cefazolin, gentamycin,
chloramphenicol, cefotaxime, kanamycin and ceftriaxone while they were sensitive to
norfloxacin and nalidixic acid. Pseudomonas aeroginosa was resistance to Ampicillin, cefazolin

and chloramphenicol, but sensitive to the rest of the drugs tested. (Table 5.3)

The single isolate of Klebissella pneumoniae was sensitive to norfloxacin, cefotaxime,
ceftazidime, and nalidixic acid while resistant to the rest of the drugs tested. Acenitobacter
species was resistant to most of the drugs though sensitive to tetracycline, norfloxacin, and
nalidixic acid. Citrobacter species was also resistant to ampicillin, cefazolin but sensitive to the

rest of the drugs tested.
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Table 5.3: Antimicrobial sensitivity pattern of gram negative bacterial isolates from CSF

(N=10), Yekatit 12 and Tikur Anbessa specialized Hospitals, Sept, 2013-Jan, 2014.

Organisms Antimicrobial agent

AMP TE KZ GN NOR C CTX K CRO CAZ NA (CIpP
No No No No No No No No No No No No

Ecoli S 0 0 1 1 1 2 1 2 1 1 1 -

R 2 2 1 1 1 0 1 0 1 1 1 -
Proteus S 0 0 0 0 2 0 0 0 0 0 2 2
species

R 2 2 2 2 0 2 2 2 2 2 0 0
K. S 0 0 0 0 1 0 1 0 0 1 1 -
pneumonia
e R 1 1 1 1 0 1 0 1 1 0 0 -
P.aerogino S 0 1 0 1 1 0 1 1 1 1 1 -
sa

R 1 0 1 0 0 1 0 0 0 0 0 -
Acenitobact S 0 1 0 0 1 0 0 0 0 0 1 -
eTSpeCies g g o 1 1 0 1 A B 0o -
Citrobacter S 0 1 0 1 1 1 1 1 1 1 1 -
species

R 1 0 1 0 0 0 0 0 0 0 0 -

S=Sensitive, R=Resistant, AMP=Ampicillin, TE=Tetracycllin, NOR=Norfloxacin, CIP=Ciprofloxacin,
CTX=Cefotaxime, CAZ=Cephtazidime, KZ=Cephazoline, CXM=Cefuroxime, C=Chloramphenicol,
GN=Gentamicin, KZ=Cefazoline, K=kanamycin, CRO=Ceftriaxone, NA=Nalidixic acid.
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From gram negative bacterial isolates all N.meningitidis were resistant to chloramphenicol and
trimethoprim/sulfomethoxazole while all were sensitive to ceftriaxone, -ciprofloxacin,

Cefuroxime and azithromycin.

Table 5.4: Antibiotic sensitivity pattern of N.meningitidis from CSF (N=2), Yekatit 12 and
Tikur Anbessa specialized Hospitals, Sept, 2013 to Jan, 2014.

Organism Antimicrobial agent
C CRO CIP SXT CXM AZ
No No No No No No
N.meningitidis S 0 2 2 0 2 2
R 2 0 0 2 0 0

S=sensitive, R=resistant C=Chloramphenicol, CRO=Ceftriaxone, CIP=Ciprofloxacin,

SXT=Sulfomethoxazol/Trimethoprim, CXM=Cefuroxime, AZ=Azithromycin,

Table 5.5 Antibiotic sensitivity pattern of gram positive bacterial isolates from CSF (N=7),
Yekatit 12 and Tikur Anbessa specialized Hospitals, Sept, 2013 to Jan, 2014.

Antimicrobial Bacterial isolates

agent S.pneumoniae S.pyogenes

No (%) S I R S I R

P 4(66.7)  0(0) 2(33.3) - - -
VA 466.7)  0(0) 2(33.3) - - -
TE 3(50) 0(0) 3(50) 0(0) 0(0) 1(100)
SXT 4(66.7)  0(0) 2(33.3) - - -

C 5(83.3)  0(0) 1(16.7) 1(100) 0(0) 0(0)
CLN 3(50) 0(0) 3(50) 1(100) 0(0) 0(0)
CTX 6(100) 0(0) 0(0) 0(0) 0(0) 0(0)
CRO 6(100) 0(0) 0(0) 0(0) 0(0) 0(0)
FOX - - - 1(100) 0(0) 0(0)

P=penicillin, VA=vancomycin, TE=Tetracycline, SXT=Sulfomethoxazol/Trimethoprim, C=chloroamphenicol,

CLN=Clidamycin CTX=Cefotaxime, CRO=Ceftriaxone, FOX=Cefoxitin.
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5.5. Multiple drug resistance pattern of the isolates (N=17)

Among gram positive organisms S.pneumoniae showed a high level of multi-drug resistance
2(33%) while from gram negatives Proteus species 2(100%) followed by Klebsiella pneumoniae
1(100%) and Acenitobacter 1(100%) showed high level of multi-drug resistance.(Table 5.6)

Table 5.6 Lists of multi-drug resistance pattern for each bacterial isolates (N=17) of
pediatrics suspected meningitis patients at Yekatit 12 and Tikur Anbessa Hospitals, Sept,
2013-Jan, 2014.

Bacterial isolates Total No Anti-microbial sensitivity pattern

RO R1 R2 R3 R4 >RS

N.meningitidis 2 0(0) 2(100)  0(0) 0(0) 0(0) 0(0)
E.coli 2 0(0) 1(50) 0(0) 0(0) 0(0) 1(50)
Proteus 2 0(0) 0(0) 0(0) 0(0) 0(0) 2(100)
Klebissella 1 0(0) 0(0) 0(0) 0(0) 0(0) 1(100)
pneumoniae

Pseudomonas 1 0(0) 0(0) 0(0) 1(100)  0(0) 0(0)
aeroginosa

Acinetobacter 1 0(0) 0(0) 0(0) 0(0) 0(0) 1(100)
Citrobacter 1 0(0) 0(0) 1(100)  0(0) 0(0) 0(0)
S.pneumoniae 6 1(16.6)  3(50%) 0(0) 2(33.3)  0(0) 0(0)
S.pyogenes 1 0(0) 1(100)  0(0) 0(0) 0(0) 0(0)

RO: no resistance, R1: resistance to one drug, R2: resistance to two drug, R3: resistance to three drugs, R4:

resistance to four drugs, >RS5: resistance to five and above drugs.
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5.6. Prevalence of S.pneumoniae based on BinaxNOW streptococcus pneumoniae antigen

test versus culture.

Among 385 samples tested 8 samples were positive for the antigen test, from these six
participants were culture positive for S.pneumoniae and the other 2 were culture negative. Using
CSF culture as a gold standard BinaxNOW streptococcus pneumoniae antigen test result was
positive in 100% of patients with culture positive pneumococcus and was negative in 99.4 % of

patients with a culture positive for another pathogen and culture negative cases.

The performance of qualitative test is most commonly described by sensitivity and specificity. In
children with suspected cases of bacterial meningitis BinaxNOW S.pneumoniae antigen test
sensitivity was 100% (95% CI, 40.9-92.9), while specificity was 99.4 %( 95% CI, 98-99.9).
The disease prevalence of pneumococcal meningitis was 1.6 %.The predictive value of a test
combines target condition prevalence with sensitivity and specificity. The positive predictive

value (PPV) and negative predictive value (NPV) were 75% and 99.5 % respectively.

Table 5.7.2%2 contingency table for BinaxNOW S.pneumoniae antigen test and culture of
suspected meningitis pediatrics suspected meningitis patients at Yekatit 12 and Tikur

Anbessa specialized Hospitals, Sept, 2013-Jan, 2014.

Gold standard (culture)

Positive Negative  Total Sensitivity ~ Specificity PPV NPV

BinaxNOW Positive 6 2 8 100% 99.4% 75%
S.pneumoniae
antigen test Negative 0 377 377

Total 6 379 385

99.5
%
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6. Discussion

Now a days despite availability of potent antimicrobial and sophisticated intensive care units,
bacterial meningitis continues to be a significant cause of morbidity and mortality among
children [15].This is reflected by the fact that the global burden of the disease in childhood is at

least 1.2 million cases of bacterial meningitis every year with 135,000 deaths [24].

An accurate laboratory confirmation of the etiology in acute bacterial meningitis is essential to
provide optimal patient therapy, appropriate case contact management, and reasoned public
health actions. Prospectively, it also provides information upon which to base decisions
regarding immunization programs, especially for countries without routine vaccination against
the main acute bacterial meningitis pathogens [9]. Thus, the data presented in this study could
provide information of immediate public health importance to clinicians in the study area on the

selection of antimicrobial agents for the treatment of patients suffering from bacterial meningitis.

Laboratory investigations of CSF specimens in suspected cases of bacterial meningitis are
extremely important for prompt diagnosis and management of patients. In our study, Gram stain
on CSF provided an evidence of the causative bacteria in 20 suspected meningitis pediatric
patients and by culture detection in 17 cases. In line with our study several studies have reported
Gram’s staining as the most useful test for identifying bacterial meningitis, as it revealed more
positive cases than cultures [10].This may be due to gram stain is positive in 60 to 80 percent of

untreated cases of bacterial meningitis and in 40 to 60 percent of partially treated cases [37].

The isolation rate of bacteria found in the present study (4.4%) is comparable to previous study
conducted in Nepal by Ansari et al. (3.8%), Gondar by Zelalem et al. 4.3%, lower than a study
in Namibia by Mengistu et al. (6.9%) ,Gondar by Andargachew et al.(5.6%),Gondar by Mulat
et al.(4.5%), [13,25,17,23,24].The low number of isolation rate in the present study is due to (1)
Some of the cases were not bacterial meningitis in the first place; they were probably viral
meningitis but because of the borderline CSF picture, got labeled and treated as bacterial
meningitis, or (2) the increase accessibility of vaccination in our country and (3) over clinical
diagnosis of meningitis of all febrile neonates, infants and children has done unnecessary lumbar

puncture.
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On the opposite the rate of isolation in our study is higher than studies conducted at Lokmanya
Tilak municipal medical college, Mumbai where isolation rate of 1.7% [32].This may be due to

the epidemiological nature of the organisms.

The majority of etiological agents for meningitis in our study were gram negative organisms.
This is similar to study in Turkey by Ceyhan et al, Pakistan by Tajdin et al. and Gondar by
Andargachew et al. [9, 14, 23]. To the contrary to our study, gram positive bacteria were
predominant isolate in CSF culture of the study in, Namibia by Mengistu et al., Gondar by Mulat
etal. [17,24]. This may be due to slight change of shift of pathogens from gram positives to gram

negatives.

S.pneumoniae and N.meningitidis were the most common isolated pathogens causing meningitis
which are in agreement with previous studies in Morrocco by El Mdaghri et al., Mozambique by
Roca et al., Gondar by Mulat et al. and Gondar by Zelalem et al. [16, 20, 24, 25]. Recently,
Hemophilus influenzae type b (Hib) once a common cause of meningitis, has disappeared in
developed nations due to the effectiveness of the extended immunization program of this
countries. Even though Hib remains a significant public health problem in countries like Ethiopia

having shortage of medical supplies.

In this study, S.pneumoniae was the predominant bacteria in agreement with study in Nepal by

Ansari et al., Gondar by Mulat et al. and unlike studies in Pakistan coagulase negative
staphylococci by Tajdin et al., Nigeria Haemophilus influenzae type b by Anthony et al., in
Mozambique Haemophilus influenzae type b by Roca et al., Egypt Haemophilus species by
Farag et al., Gondar N.meningitidis by Andargachew et al. [11,13,14,19,20,23,24]. However no
Haemophilus species found in our study. The reason for this is not clear but may be due to the
new vaccine being given as part of routine child immunization activities, which might have

reduced the occurrence of invasive diseases due to H.influenzae.
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There was no association between risk factors suggested for bacterial meningitis by using binary
logistic regression for each risk factor. These were occupation of the mother/guardian,
educational status of the mother/guardian, way of cooking food, N° of house partition, use of day
care center, Industry that left surplus products improperly, way of feeding, habit of smoking,
taken vaccine within 7 days, history of hospitalization in the previous ten days had no significant
association with bacterial growth based on meningitis cases. This contrasts a study conducted in
Vietnam by Talarico et al. and in North America by Orin et al.: N° of people sharing the same
room with the child, day care attendance and house hold size have significant association with
pneumococcal meningitis disease in multivariate statistical model of this studies [33, 39]. This

may be due to the low number of culture positive bacterial meningitis cases in our study.

All over the world, indiscriminate and irrational use of antimicrobials has led to the development
of antimicrobial resistance owing to significant changes in microbial genetic ecology [10]. There
was increasing resistance among major pathogens which cause meningitis to most of the
traditionally antimicrobial agents used as initial therapy prior to the availability of bacteriological
agents [14]. Antimicrobial resistance of S.pneumoniae, N.meningitidis and H. Influenzae to
commonly prescribed antibiotics has become common now a days. Several gram negatives
isolated from CSF also developed antimicrobial resistance to conventional antibiotics regimens

and emerging multidrug resistance strains [25].

We found that 33.3% of S.pneumoniae isolates were resistant to penicillin in agreement with a
study conducted in Pakistan by Tajdin et al., Nigeria by Anthony et al., and Gondar by Mulat et
al. [14, 19, 24 ]. In contrary to a study in Gondar by Adargachew et al. no S.pneumoniae was
resistant to penicillin [23]. This may be due to miss use of penicillin in the study area and the
bacteria develops resistance through time. These findings support the use of a third generation
cephalosporin for pneumococcal meningitis in areas where penicillin resistance is prevalent, at
least until penicillin susceptibility is known. Since S.pneumoniae have shown full susceptibility
to the drugs: chloramphenicol, ceftriaxone and cefotaxime. The only isolate S.pyogene was
found resistant particularly to tetracycline but was sensitive to chloramphenicol, clindamycin and

cefoxitin. (Table 5.5).
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From gram negatives which are among the most causative agents of meningitis, including
N.meningitidis were resistant to most commonly prescribed drugs like chloramphenicol
.However both of these strains are sensitive to ciprofloxacin in the present study contrary to a
study conducted in Gondar by Mulat et al. [24]. The susceptibility of the organism isolated to

fluoroquinoloes was generally good in our study.

Even though there are geographical differences in the drug resistance pattern of bacteria, the
problem is at an alarming rate indicating growing emergence of multidrug resistance strains.53%
of the isolates showed multiple antibiotic resistance (Table 5.6) in consistent with a study
conducted in India by Modi et al., Gondar by Mulat et al. [15,24]. The highest resistance rate
was seen for Penicillin, Ampicillin, Vancomycin, and Tetracycline. This may be due to the
absence of guidelines regarding the selection of drugs and social trend of inappropriate use of a
commonly prescribed drugs. The highest multiple drug resistance was also observed among
gram negative bacteria’s from which Proteus species showed highest multiple antibiotic
resistance similar with previous studies in Iran by Rezaeizadeh et al. and Gondar by Mulat et al.
[12, 24].

Mostly clinicians’ initiate antimicrobial therapy prior to the identification of the infecting agent
and resistance study will play a crucial role in helping to understand trends in predominant

pathogens and the impact of resistance on empiric choice.

Streptococcus pneumoniae (or pneumococcus) is a major cause of bacterial meningitis in the
developing world. When compared to culture, the BinaxNOW S.pneumoniae immuno
chromatographic test was >99% sensitive for the diagnosis of pneumococcal meningitis and
yielded two false positive results. Even though the positive cases were much lower than the
negatives. It identified additional pneumococcal cases among patients with a negative CSF
culture further supported by negative test results with culture proven non pneumococcal cases.
Antigen detection of CSF specimens provides a useful adjunct to culture-based diagnosis. Our
study is in agreement with a multisite study conducted by Moisi et al., a study conducted by
Saha et al. in Bangladeshi with a result of ICT for pneumococcal antigen in CSF was 100%
sensitive and specific in diagnosing pyogenic pneumococcal meningitis and could detect =30%

more pneumococcal meningitis cases than with culture alone. [26, 40].
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Limitation of the study

Our study has limitation which is in relation to isolation of bacteria’s’ were merely by
conventional biochemical tests and colony characteristics and does not use molecular tests
like PCR.

The study identifies only bacterial meningitis on suspected meningitides cases.

The number of positive isolates of S .pneumoniae for the kit (BinaxNOW S.pneumoniae

antigen test) comparison with culture was low.
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8. Conclusion

In conclusion the prevalence of bacterial isolates in this study was 4.4%, most of the isolates
were found CSF drawn from neonates. The predominant causes of meningitis were
S.pneumoniae, N.meningitidis, E.coli and proteus species. The isolation rate of bacterial
pathogens from CSF was found to be low in this study. Hence, antigen detection (BinaxNOW
S.pneumoniae antigen test in our study) is a better adjuvant to culture, though a gold standard
requires 48 hours, trained medical personnel and an equipped laboratory. This antigen test would
help in making an early diagnosis and initiation of therapy, as providing a timely intervention
was lifesaving and as it could help in reducing morbidity. Among all risk factors assessed, none
of them were statistically significant with suspected meningitis cases (p>0.05). The frequency of
single as well as multiple drug resistance was very high among the bacterial isolates. In line with
this efforts are still needed to control the increase in antibiotic resistance by adopting a

policy/guidelines for proper antibiotic use.
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9. Recommendation
According to our findings we recommend the following points:

+ We did only the bacteriological profile of the CSF but doing the full microbiology of the
sample: the fungal, viral and bacterial profile or large scale studies with many factors
will have important implication for clinicians’ for proper patient treatment.

+ We recommend that the ICT will be used as an adjunct to culture in pneumococcal
meningitis cases if it studied including large number of positive samples.

+ Area specific periodic evaluation of antimicrobial susceptibility pattern of micro-
organisms on suspected cases of bacterial meningitides should be performed. Stress

should also be given on the restrained and rationale use of antimicrobials.
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Annexes

Annex I: Information sheet (for mothers or guardians English version)
Name of the Organization: Addis Ababa University, College of Health Sciences, School of

Allied Health Sciences, Department of Clinical Laboratory Sciences.

Title of the Research Project: ‘Prevalence of bacterial isolates from cerebrospinal fluid, their

antimicrobial susceptibility pattern and associated risk factors with special emphasis on
streptococcus pneomoniae among pediatrics suspected meningitis patients at Tikur Anbessa and
Yekatit 12 specialized Hospitals, Addis Ababa, Ethiopia.’

Name of Investigator: Mulu Hassen (BSc, MSc candidate)

Introduction

You are invited to participate in a study to be conducted by MSc student at Addis Ababa
University, college of health sciences, School of allied health science, Department of medical
laboratory science, It is aimed at determining the spectrum of bacterial isolates, their drug
susceptibility pattern and associated risk factors with special emphasis on streptococcus
pneumoniae among pediatrics suspected meningitis patients at Black Lion and Yekatit 12
specialized hospitals which is important to know the distribution of the bacteria to control the
disease , knowing risk factors will be important for designing preventive strategies and also
useful for drug choice, please read the following statements and ask any unclear points before

you agree to participate.

Participation in this study is exclusively voluntarily. If you are not interested to participate to
your child or if you once decide to participate and with draw your children at any time, there will
be no consequences and your child will get all the services provided in the hospital with no
problems. If you decide to participate your child, you have to sign on the consent form and you

may obtain a copy of this information sheet.
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What is expected from vou and vour child as a participant of the study?

As a participant of this study your children are expected to agree that after CSF specimen
collected for his diagnostic purpose by responsible physician using lumbar puncture is done will
be collected from your child specimen. In addition you are expected to give answers for some
questions about yours and your child health and socio demographic conditions. You need to
know that the results might be discussed with appropriate individuals out of this hospital. But the
name of you or your child, address and phone number will not be disclosed and rather than

identification code will be used in such conditions.

How much time will I and my child spent to participate in this study?

You will spend 20-25 minutes until the specimen is collected, the questionnaire is filled and the

consent is signed.

What are the risks of participating in this study?

There are no anticipated risks to your participation. Because I took CSF specimen drawn for your

children diagnostic test purpose. So there is no risk.

How our information is to be kept in secret?

All information that you give and the results from your child specimen will be used for this study
only. Only limited number of professionals will have access to the information. All the

information will be encoded in a computer and will be password protected.

What are the benefits from participation?

Since this study is MSc student research, there will be no payment for participants. But your
child participation is important for studying the prevalence of Streptococcus pneumoniae
bacteria, other bacteria’s isolated from CSF specimen and their drug susceptibility to know the

distribution of this bacteria and associated risk factors.
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What are your rights as a participant of this study?

You have the right to withdraw your child from the study at any time and all the services
provided in the hospital will not be discontinued. You have also welcomed if you have any

question for further explanations about the study. You can get the results of the analysis.

What can I do if I have a problem or question?

Please direct any questions or problems you may encounter during this study to
Mulu Hassen
Department of medical laboratory science, School of Allied health science, College of health

sciences, Addis Ababa University, Addis Ababa Ethiopia.
Mobile: +251-92-0-47-05-29
Email: muluh2233@gmail.com

For additional information, please contact Addis Ababa University, Medical faculty institutional

review board (IRB) office at:

Tell. +251-11-5-53-87-34

Fax +251-11-5-51-1-51-30-99
P.O.Box 9086, Addis Ababa, Ethiopia
Email:aaumfirb@yahoo.com

Agree to participate?

1 Yes
1 No
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Annex II- Subject information sheet (for mothers /guardians, Amharic version)
A8.0 ANO LLACAAALMT Y1270 DASLPAALL: MG YL /(LT 2hNIPT ANG-F4 YN heFd

ASTLOFEM- Nhhd AP0 hovd (FF QUPr AZT AL fUA ALOC 440 T00& A“L0ST- GteTHhh
19728 eHAAQ. FVPALYONESLE A ALeT QNECPOT 977 PUA PO AU ATIOP TS ATLA 4
AZT AGPTROSL-T OTHDP avlB

NA%0 AN RZOCAE:MS 4270 hAE ehh9PT ANGPS A27T0 T/h&A P7I0HCA £96 1914 Pavavlef
PGt AL AS.AT4 FINHPA::AONL (HY TGT APA+e nevao1oP P 14+ hHY PP 2997707 970
NP9 PG GNAX PAVIAY /Y 917G MI° YA emed::

a1

PTGE CON « ALILOFD- n15 Aovt (T OPr AZT AS PUNA ALAC AT +OAS AF& T 29°78
AS ttet TUPALTANESS I°7 PUA PHNG4 AR ATIOPS AURIPS AN T 091.0ALL D~ +RT/TIC/
ATITGT 10 AATIOGR LU OhbsS 9PT PUA SNG4 ATRLPIS AVNYPS A elit eoLaflo-
TORG/TOC/ ATITTT ATIC-T> aPT18 RIPGA::

ACOP G ARP (LY TGT AL 1.5 TU- TATE av-te lav<te (07 L3701 AL etavalt 1@ :(HY 76
QAT AAPPATE OLI° APAte hOAR O1A ATIRLT P7.00F (LP7P° A7P (HY PATHA 27.ama
TEOI° WA AQRLTI:NTGE  APATe Po9,A9Ta0 NPt PATPOTE PR AL AU OLI° (Nt
&G TIPar T EMOPLI A NLAT QUTT aPLE K18 P8 ANP ALAPS LTAN::

AP, eTCE TAFe NP PP mOPOT 9°287 102

(HY TGF APATE PoLATIa0 NPT AASD Al 9°CI°¢- UNA AZAC AT Gav6 hALD AL htonL
PFHHATT  RANCHRE 9PCoPl- TOACHE ALAP HlLM. GavG  RILTIOALS ATGE AT9.MA aP\To%t
LMNPNOFA: N FOALD. Gav-G AL PTUTF avlGPF hHY PATHA @5 ATLTTS ANG@. A0
ANF@. AP (L11C 2912 P@av aopyy av(e19ht mOPNPIN::LU-T W78 LU h@rk avlE SCOPT
AU PARPT TITrE PTLIAMe aPlBEPTY TINEI® APIALLAG AN RTC PaPANATT avlBPEY
ALERLICCIP:: LARTI® AHLY ATNINT F 27100 AFPT ATI0P L71.00TA aPAP RTC TPI® AL AT.DA
CLLIA:NTERTIL AACALS NAALP AnPAL MG U3 ATLPCHH A8 TemT1s TPRPTF avin
amt SnNPNLIA::
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LY 7T PATe 9°F PUA LH LEEBA?

PFHOE AT avmPP \aPav-ATiPATCIOrE Po. AL AAPLLIPG Gav<G AaPAMT N20-25 L2 POLAIA::

QLY 7 aPAte eMLLaNTATFA. FIACT 97187 SFa?

Gav-¢ (1TANANOT OPF P79° ALY Phé- ToIC ALITIPPTIP::Gav-G Lo ANANA. hASD Nt PUNA
OZAC §a2<G Yo PHHAT (L t-aone- TOACTE ALPAP P1H24.0. Gav<G qa.::

PAL. PUhY™S avlB NLATC +m$ a8t PoLTFAD. W2&T 1.2

NGNS QNS Pam<T TT75@I° avlBS F@ALA. GavG AL PTTTM. PANLS T PILMAD. AT
AATY AF Gz QUT TIEC ALTTE POLTNT OHOAE PPk H00S AT NF CFO-::nHL 1AL QA
ACOPT OA ASP  LADT TTTTDII° avlB OTAP PRAG PA NAD< PhIPTO-TC P9°8 TIWLL D-OT
K19 PaPT RLLIA

QLY PSF Pdte 09,0015 T D TPT 9187 SFm- ?

oY TCF PTINECA 2014 avavld® KiLavP'r avmy AFAFLPT TIHA ALATI:: TIC 17 PACOP +HATE,
VAGT? APCETS OFSTRRNA 297720 AG AT TUPALTONESLS 9°7 PUA OGS A7LUP1S AVhIS
O3t 22AA::

PAL (LY TST TA4F4 o oo : 187 GFa- ?

NSk OO PATUT HATE NG D90 1LH 2TIRLT ave ao1t eFmOP havrP'r9® 1AL AS7 Sk
N999100 °N70T PTLPCOT P90 ALTE SPATIA A1AINT ALTCI® :NHUP (M Hen1s TG Ntavaht
VGO W8t TPE LaPmPPG 10A PTITT T oV AANVE: AP S IPCaPe- O ETI N1A TITTT
S AN

PP WAT OLI° FC (LTI 9°7F 71841 £10A?

LUTT TGF NFerAnt L9 hHY TG+ IC OHHAvL avdn: AATLL I Tav &71HG hLIPT MEI° g AP+
NT.aoAn @« AL E-A Smbav-::
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av(- VN7
PUNIPS AOC-FS AN H/hGA: PAALE MG AL /(L H: s AL70 DAE: : A%O AN RLOCAT
®agA: +251-92-0-47-05-29

A72840; muluh2233(@gmail.com

Aaoatq LNTTT?

0 ANT71"0U-

O ANOTTTI9°

AtenT16 avZBP T R0 ANA R70CACTE VNIPS dhrdvt: A0ETROSA 0.0 (Ce emPd::

0.&+251-11-5-53-87-34

4ha +251-11-5-51-1-51-30-99

A28A0 aaumfirb@yahoo.com
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Annex-III- Consent Form (for mothers/guardians, English version)

I have been informed about the study which is aimed at determining the prevalence of bacterial
isolates from CSF of suspected meningitis patients, and their drug susceptibility pattern and
associated risk factors among pediatrics patients. For this study CSF sample is required from my

children. The aims of the study were explained to me.

I am also informed that all the information contained within the questionnaire is to be kept
confidential. Moreover I have been well informed of my right to keep hold of information,

decline to cooperate and make my child withdraw from the study.

It is therefore with full understanding of the situation that I gave the informed consent
voluntarily to the researcher to use the CSF taken from my child for the investigation. In
addition, I have had the opportunity to ask questions about it and received clarification to my
satisfaction. I have also been informed that the benefit of participation is to get the results of

analysis from my child sample analyzed for free.

Participant code: Signature:

Date:

For those who can’t read the information

Advisor nurse name Signature:

Date
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Annex-1V - Consent form (for mothers/guardians, Amharic Version)

eHAFLOTF AFPIOrE 90157 P&

Ar DAL etabahet PHAFL@. AGHATNONN. «ALILEFD- hhhe A hevt (T Pk ABTF AL
PUNANZAC AT TOAL ATLALD- AT TFRhALIEL PHNADS AdeT TUPHLTANELS T°7 PUN 106hs
X181 WG RILY FUPOYONESL) ATPT SUA AHASE oYt e4ATIa08./0tERa0 aoPGTF@Y ATIPT
PLMG: TG O 1R AFLCIATA:ATEE? NAST eH0AL PUNAALAC AT §a7G WITLPNLA
TINZAGTA: :PTPGETI® ARATIPTIC +L 8 FAU-::

Naomed AL PINKWNFD avl8PF (oo NTLATC PFMNE ATLILPE HPICTA 0TS E AL PAPATES
YOI avlB PATPAMT APEU® TGO 1LH TSl AT PUAA oo E etm0P AP
FINRATA:

QALY AHY TGF apZBG APt PAT PAmu-t NAMPAL U-33@7 (a0L8TG (1§8.9° LT
10::NALACTE ATIN AL PILOALD: AIPCIPC AILTLDAP ALLFAD:: (o149 TEE AdPmPP
T PEATT ATIOP LLANTT PUA TIHC6L ATTFAU-:RHY TG A4 (9o PTITTD- PPI° QU 79°
IoCavs. MMyt 1R TITTT A28 L& FAU-::

PILATC RTC PHAFEM. MAB MRIP hA871, &CTT (PN T K-

+7

(PAPI°IT P27 TTUNN ATIRT - TP TF)

PATT0S 1CO OF° &G

7
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Annex-V Questionnaire (English version)

Questionnaire for the study on ‘Prevalence of bacterial isolates from cerebrospinal fluid,

their antimicrobial susceptibility pattern and associated risk factors with special emphasis

on streptococcus pneomoniae among pediatrics suspected meningitis patients at Tikur
Anbessa and Yekatit 12 specialized hospitals, Addis Ababa, Ethiopia.’

Instruction: fill the information, either thick in the appropriate boxes by using “right” or a word

or phrases where required. Code number

L

> »D

Socio-demographic factors and Patient Identification
Age of participant pediatric

Sex of participant pediatric

Address [ urban [ Rural Card number

Educational level of the mother

[lUnable to write and read “ICertificate
"Below fourth grade " Diploma
5% to 8 grade ] First degree and above

Occupation of the mother

CIStudent “House wife
"Employed "1 Jobless
[/Private work "] others
[Farmer

How do you cook your food? You can put marks on more than one option
[Use of wood for heat 1 Use of electric for heat

"Use of kerosene for heat "I other source of energy

No of house partition

] Greater than or equal to four ] less than four

No of people sharing the same room with the child

<2 12-3 >4
Is your child attending to day care center?
Yes LI No
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II.

10. Is there any industry in your village that left its surplus products inappropriately?
Yes "I No

Health related information

11. Has your child been sick and hospitalize for any reason during the previous month?

[1Yes 1 No

12. If yes, when--- describe the illness ---
13. Is he/she taking any prescribed medication during the previous week and now?
OYes [JNo
14. If yes, what type?
15. How do you feed your child? You can put marks on more than one options
“1Only breast milk TJsome additional foods
“lOnly formula milk I breast milk and formula milk

16. Have you ever been smoke cigarette/ is there anyone who smokes cigarettes in the

house hold or neighbors?
Yes " No

17. If yes for (Q-15), how frequently do you smoke?
JAlways “Joccasionally

18. Have you ever been taken any vaccine during the last 7 days?
1Yes 1 No
19. If yes for (Q-17) what type
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Annex-VI Questionnaire (Amharic version)

A%.0 K0A L20CAL: PmS 4730 hAS:PAALS MS AL /(L :2hh9PG ANGF4 AR T/hFh

A&TOF@- W15 koot OFF (Fr ABT AL PUNA AZOC &AT +O0& A9L0&0- OF&THhhA 29078
PHAQS bt FUPOLYANESS 9°F PUA P06 RIRPT AT ALY JUPaYONESS/ AT°T PUA ATALR

aoSYypt ehA\TIaG. /bR Par.  aoPGFEAY AT P9ImS T A9LATE AZT AGRT OHHOE
M P&

91.a7C RPC -----—--
h&A 5: AhAOLLES “WNLANE U-2FPT
1. AB7 etavAnt avls

2. pp: 1 0% NS,
3. AU 0SS0 ANA(L?
et [J1mc
4. PhGT OLI° PhA8L HIPUCT LLE

TN PG LT 0 actéht

hac-T5 hea 0 [ &Toer]

hAPHE hath A9°7HE hea ] Pavavs @ 214 AS hH 1AL
UATE RLE

(0 N R N B O

PAGT PC- U
1094

LT havLt
MG (Pa N
1214\

0¢ eoAT
290\ ¢
A

0w
[ R =

TCq

53



NPT W&t POAANTNATE: NAL 9OCoR, aPgOL T L AN::
PhIRT AT NaPmebgP

2H (laempg®

hohtéh Naemege

A 11C Naemb©

POLF U hed &TC A7 102

S e T e R e B o B~

[ hact £in
O hadt NAL
8. NASP IC A1 h&d 9194 OPTF &TC 07t 102
0 <2
2-3
0 >4
9. ABP NALT 718/ TIUCT O @NT ?
[ e@Al
[ AL@AP
10. QANONETU- T24-IPCET LARTIOA PT000DL: A, 1%0T4 hA?
(] hA
o eage

heA 8- Ph1-m.S avls

11. MAAS<T OLAT ABP F/ 507 P@. P/ FO.PNT?

[ A

0 eage

12. avi\(x AP Pt a0 F e yaeav: 77 K1LINC LOAR------------
13. ABP ao@ Yyt 1av@mAL: AL, 10/ 77

[ A

[ h@LAP®

14. aod (- A® DT 7 Q1T &Y H?
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15. &8P hHe a0t 7 0+ Wbt opg 10c?
0 A®
[ h@LAP®
L VOO 1 R et B 1 4 | p———
17. A8P7T 97 Lav)0-20A2L: AL JOCR, aPgOLp L AN::
O PASTF et NF
[ PAGT metq PRCHC (PF0T) 01
[ eecse (P01 @+t
0 dteT a4 goo0cT
18. (0 @At @29 (ANANLTFU- A2¢ 271.06n.0 AL AN?
[ AA
[ eage

19. A&TC 17 AP AP M1 AT PUA L LanAn-?
V) GALE  A) AAE-RAE

aMPLE 7 BLCOAPA::

ATPO19 AU~
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Annex VII- Laboratory data collection format

Patient ID. ----- and CSF sample ID ------
Date of sample collection ----- e

Type of specimen: CSF

Appearance of specimen

WBC count

Protein result----

= NI SR

1. Biochemical identification test results -—-

7. Gram stain result —

8. Streptococcus pneumoniae antigen test

result -

9. Culture growth: Yes No

10. Name of bacteria, if isolated---------------

12. . Antimicrobial susceptibility testing

o ERY- Erythromycin (15ug)

o GE- Gentamycin (10 ug)

o CIP- Ciprofloxacin (5ug)

o TE- Tetracycline (30ug)

o PE-Penicillin (5ug)

o AMP- Ampicillin (30 ug)

o CRO- Ceftriaxone (30ug)

o K-Kanamycin (5ug)

o NA-Nalidixic acid (30ug)

o CAF-Chloramphenicol (30ug)

o DOX-Doxycycline (30ug)

o VA-Vancomycin (30ug)

o Norfloxacin (NOR,10pug)

o Trimethoprim- Sulfamethoxazole(SXT,1.25ug)
o Cefuroxime-Sodium (CXM,30ug)
o Cefotaxime (CTX,30ug)

o Cephazoline (KZ,30png)

o Ceftazidime (CAZ,30ug)

o Cefoxitin (FOX,30ug)
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Annex VIII-SOP for preparation of culture media, collection and processing of specimens,

Culturing and Identification.

1. Specimen collection and preparation (cerebrospinal fluid)

1. CSF samples should be collected in a sterile tube by responsible physician using lumbar
puncture and should be labelled properly.

2. Record volume and gross appearance of CSF i.e. clear, bloody, cloudy, xanthochromic.
If the specimen is cloudy, a gram stain should be done before the centrifugation.

3. Centrifuge the CSF specimen for Gram stain.

4. Centrifuge the specimen: If the volume of fluid is greater than 1 ml, centrifuge for 15
min at 2500-3000 rpm .Remove supernatant and vortex the sediment vigorously for at
least 30 seconds. If less than 1 ml is received, do not centrifuge but vortex the specimen.

5. Using a sterile pipette, inoculate the media and streak for isolated colonies. In addition,
add a single drop of fluid to the 4th quadrant of the plate and allow to air dry. Do not
streak out this drop of fluid.

6. Interpretation of Cultures: Examine the MacConkey, blood and chocolate agar plates

daily for 72 hours.
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2.

Laboratory procedures

Culturing
2.1.Materials and Equipment needed (some of them)

o Culture media, o Incubator,

o Petri dish, o Refrigerator,

o Culture tube, o Autoclave,

o Inoculating loop, Straight o PH meter,
wire, o Flask,

o Bunson burner, O Measuring cylinder,

o Sample of bacteria (Positive o Aluminum foil,
and Negative control o Boiler and
organisms), o Balance

o Bio-safety cabinet,

2.2.Preparation of culture media

The general procedure includes;

1.

Weighing and dissolving: - weighing is based on the manufacturer’s direction and then
multiply or reduced based on the amount of media needed. Dissolving is mediated by
mixing very well by rotating 360° until all the powders mixed and finally boiling to get
homogenous solution.

Sterilization: - majority of culture media are sterilized by being autoclaved. It is
performed by placing in autoclave of 121 °C for 15 minute. This ensures the destruction
of bacterial endospores as well as vegetative cells. It is important to sterilize a medium at
the correct temperature and for the correct length of time as instructed in the method of
preparation.

Add heat susceptible chemicals or substances such as blood in case of blood agar, and
certain antibiotic supplements.

PH testing: - the PH of most culture media is near neutral. An exception is alkaline
peptone water. The simplest way of testing the PH of a culture medium is to use narrow

range pH paper. It can be tested by dipping a narrow range PH paper in to a sample of the
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medium when it is at room temperature before dispensing and comparing the color of the
paper against the PH color chart.

Dispensing: - before this we have to cool the media based on the manufacturer’s direction
but in case of agar media we have to cool a temperature of between 45-50°C because agar
in nature is solidifying agent so below this temperature will solidify the media before
dispensing. Dispensing should be until it covers the surface of the dish on flat and sterile
surface to get uniform depth at room temperature. Wait 10-15 minute until it solidify and
invert the media and wait hours (6hr most of the time).

Quality control test: - sterility and performance test. Performance test is used to check
quality of culture media prepared (whether it can be used to perform the intended test)
using control organisms. We have to inoculate the control organism that grows and not
grow on the prepared media and check whether it performs its actual activity. Incubate 4-
5% of prepared media for sterility testing overnight on incubator, if there is growth we
have to discard the batch.

Labeling and Storage: - All culture media must be clearly labeled with its name,
preparation and expire date. Plates of culture media should be stored at 2-8°C, preferably
in sealed plastic bags to prevent loss of moisture. When in use, the media must be

protected from direct light, especially sun light.

2.3. Inoculation

Inoculation is the next step in culturing of samples where placing the specimen on appropriate

culture media takes place. The most common culture media used for inoculation of CSF sample

during the study includes; MacConkey, chocolate and Blood agar.

2.4. Aseptic techniques

Decontaminate the work bench before starting the day work and after finishing.

Use a safety cabinet when working with hazardous pathogens and wear protective
clothing, gloves and face mask.

Flame sterilize wire loops, straight wires and metal forceps before and after use.

Flame the necks of specimen bottles, culture bottles and tubes after removing and before
replacing caps or plugs.

When inoculating, do not let the tops or caps of bottles and tubes touch non-sterile

surface. This can be avoided by holding the top cap between fingers in hands.
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2.5.Incubation

Following to inoculation, incubation was performed because after placing the sample on the
appropriate media we have to create suitable environment for the growth of pathogenic
organisms. The most common suitable environment for pathogenic bacteria is the environment
that resembles human body so we have to incubate in the incubator of 37°C for overnight in

aerobic or micro aerophilic environment according to the bacterial species expected.

3. Tests for bacterial identification.
3.1.Gram Stain for the CSF specimen

Purpose

e Used to classify bacteria as gram positive and gram negative based on their gram

reaction.
Principle

Gram’s stain is that cells are first fixed to slide by heat or alcohol and stained with a basic dye
(e.g. crystal violate), which is taken up in similar amounts by all bacteria. The slides are then
treated with a Gram’s iodine (iodine KI mixture) to fix (mordant) the crystal violet stain on Gram

positive bacteria, decolorized with acetone or alcohol, and finally counter stained with Safranin.
Required

e Crystal violet (initial stain), Lugol’s iodine (mordant or binding agent), Acetone—alcohol
(decolorizer) and Safranin (counter stain) were the reagents commonly used for gram
staining technique,

e Immersion oil,

e Slides, Forceps, Washer, Staining Bottles,

e Flame (bunson burner), Cotton, Match and Microscope.
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Procedure

1. Place the fixed slide on the staining rack.

2. Cover the heat-fixed smear with crystal violet; leave for 10 seconds.

Wash off with water and drain well.

3. Cover the smear with Gram's iodine; leave for 10 seconds.

Wash off promptly with water and drain.

4. Holding the slide over the sink at a 45° angle, RUN the decolorizing agent
(acetone/alcohol) over the slide and watch the excess run off the bottom edge of the slide.
Continue decolorizing until the purple dye no longer runs off the slide with the

decolorizer, (i.e., the excess dripping off the bottom edge of the slide is

colorless).Immediately wash with water and drain.
5. Cover the smear with basic fuchsin or safranin (red counterstain); leave for 10 seconds.
Wash with water and drain; air-dry in an upright position.
6. Leave until dry and look for a microscope (100 xs)

7. Report as gram positive (blue coccii or rods) and gram negative (red rods or coccii) and

others accordingly.

3.2.BinaxNOW streptococcus pneumoniae antigen test
Principle

The BinaxXNOW S. pneumoniae urinary antigen test is an immunochromatographic assay that
uses a rabbit anti-S.pneumoniae antibody, conjugated to visualizing particles, to bind any soluble
pneumococcal antigen (C polysaccharide) present in the urine or CSF sample. The resulting
complex is immobilized by a band of rabbit anti-S.pneumoniae antibodies adsorbed onto a
nitrocellulose membrane (sample line). A second band of goat anti-rabbit immunoglobulin G
(control line) captures excess visualizing complex. A swab is dipped into the urine or CSF and
mserted into the test device; a buffer solution is added, and the device is closed. The result is
read by eye, after 15 min. A pink to purple color on both the sample and control lines indicates a
positive antigen test. Color on the control line alone indicates a negative test. Absence of color

on the control line indicates an invalid test.
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Procedure

1. Bring patient sample(s) and /or liquid to room temperature (15-30°c), then swirl gently to
mix. Remove device from its pouch just before use and lay flat.

2. Dip a Binax swab into the sample to be tested, completely covering the swab head. If the
swab drips, Touch swab to side of collection container to remove excess liquid.

3. There are two holes on the inner right panel of the device. Insert swab into the
BOTTOM hole (swab well).Firmly push upwards so that the swab tip is fully visible in
the top hole. DO NOT REMOVE SWAB.

4. Hold Reagent A vial vertically,1/2 to 1 inch above the device .slowly add three(3) free
falling drop of reagent A to the BOTTOM hole.

5. Immediately peel off adhesive liner from the right edge of the test device. Close and
securely seal the device. Read result in window 15 minutes may be inaccurate. However,

some positive patients may produce a visible sample line in less than 15 minutes.

Interpretation of the result

A negative sample will give a single pink-to-purple colored control line in the top half of the
window, indicating a presumptive negative result. This control line means that the detection part

of the test was done correctly, but no S.pneumonia antigen was detected.

A positive sample will give two pink-to-purple colored lines. This means that antigen was
detected .Specimens with low levels of antigen may give a faint patient line. Any visible line is
positive.

If no lines are seen, or if just the sample line is seen, the assay is invalid .Invalid tests should be

repeated.

Reporting of the result

Positive CSF Positive for pneumococcal meningitis
Negative CSF Presumptive negative for Pneumococcal meningitis. Infection due to
S.pneumoniae cannot be ruled out since the antigen present in the sample may be below the

detection limit of the test [34].
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3.3.Biochemical testing procedures

Identification of gram positive bacteria

Gram-positive cocci will be identified based on their gram reaction, catalase and coagulase tests
results.

Catalase test

This test is used to differentiate those bacteria that produce the enzyme catalase such as

staphylococci from non-catalase producing bacteria such as streptococci.
Principle:

Catalase acts as a catalyst in the breakdown of hydrogen peroxide to oxygen and water. An
organism is tested for catalase production by bringing it into contact with hydrogen peroxide.
Bubbles of oxygen are released if the organism is a catalase producer. The culture should not be

more than 24 hours old.

Required
o 3% Hx0,.

Method:

1. Pour 2-3 ml of the H>O> solution into a test tube
2. Using sterile wooden sticks(swab)remove several colonies of test organism and immerse
in the hydrogen peroxide solution

3. Look for immediate bubbling

Result: Active bubbling............................. Positive result
Nobubbling .............ooooiiiiiiiin Negative result

Control: Positive control ..................ccooeiiiiiinn. staphylococcus species
Negative control...........ccooovviiiiiiiinann.n.. streptococcus species
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Bile solubility test

This helps to differentiate S.pneumoniae, which is soluble in bile and bile salts, from other alpha

hemolytic streptococci (viridian streptococci which are insoluble).
Principle:

Heavy inoculums of a test organism are emulsified in saline and bile salt sodium deoxycholate is
added. This dissolves S.pneumoniae by clearing of the turbidity within 10-15 minutes. Viridians

and other streptococci are not dissolved and therefore there is no clearing of turbidity.
Method:

1. Emulsify several colonies on the test organism in a tube containing 2 ml saline, to give a
turbid suspension.
Divide the organism suspension between two tubes.
. To one tube add two drops of the sodium deoxycholate reagent and mix.

2
3
4. To the other tube (negative control), add two drops of sterile distilled water and mix.
5. Leave both tubes for 10-15 min at 35-37 Oc.

6

. Look for clearing of turbidity in the tube containing the sodium deoxycholate.

Results

Clearing of turbidity . .. .............. Probably S. pneumoniae
No clearing of turbidity . . . . Organism is probably not S. pneumoniae
Controls

Bile solubility positive control............... Streptococcus pneumoniae
Bile solubility negative control................... Enterococcus faecalis.
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Coagulase test

The test is used to differentiate staphylococcus aureus (+ve) from other staphylococcus spp (-

ve).

Principle: in the presence of the enzyme coagulase, the addition of commercial rabbit plasma

produces a clumping reaction.
Required
Rabbit plasma, the plasma should be allowed to warm to room temperature before being used

Procedure

1. Place a drop of physiological saline on two separate slides.

2. Emulsify the test organism in each of the drop to make thick suspension.
3. Add one drop of plasma to one of the suspensions and mix gently.

Look for clumping of the organism within 10 seconds.

4. Interpretation:

Clumping within 10 seconds ------------------ S. aureus

No clumping within 10 seconds -------------- other staphylococcus species

Manitol fermentation test

Mannitol salt agar is a differential and selective media. It is selective because its high salt
concentration (7.5 %) inhibits the growth of most bacteria. However, Staphylococcus is able to

tolerate this high salinity.

Mannitol salt agar is differential because it contains the sugar mannitol and phenol red, a pH
indicator. When mannitol is fermented, acid products are produced and the pH drops. Phenol red
is yellow in color below pH 6.8. Thus, mannitol fermenters such as Staphylococcus aureus will
have a yellow halo around them. Mannitol non fermenters such as Staphylococcus

epidermidis will leave the MSA media unaltered (pink).
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Identification of gram negative bacteria:-

Identification of gram negative bacteria will be based on their test result with a series of

biochemical tests.

Procedure

1. Prepare a suspension of the test organism with nutrient broth by adding 3-4 colony of test
organism in 5 ml nutrient broth.

2. A loop full of the bacterial suspension is inoculated in to indole, citrate agar, triple sugar iron
agar, lysine decarboxylase agar, oxidase, urea agar and motility medium.

See in detail below one by one.

3. Incubate at 35-37°C for 18-24 hours.

4. Look for color change (turbidity for motility) of the medium.

5. Identify the test organism by considering the result of biochemical tests.

Indole test
Principle:

Some bacteria can produce indole from amino acid tryptophan using the enzyme typtophanase.
Production of indole is detected using Ehrlich’s reagent or Kovac’s reagent. Indole reacts with
the aldehyde in the reagent to give a red color. An alcoholic layer concentrates the red color as a

ring at the top.
Required:-Kovac’s reagent, Tubes, Inoculating loop and Incubator.

Procedure:

Bacterium to be tested is inoculated in peptone water, which contains amino acid tryptophan and
incubated overnight at 37°C. Following incubation few drops of Kovac’s reagent are added.
Kovac’s reagent consists of para-dimethyl aminobenzaldehyde, isoamyl alcohol and
concentrated HCI. Ehrlich’s reagent is more sensitive in detecting indole production in anerobes
and non-fermenters. Formation of a red or pink colored ring at the top is taken as positive.

Example: Escherichia coli: Positive; Klebsiella pneumoniae: Negative
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Citrate utilization test:
Principle:

This test detects the ability of an organism to utilize citrate as the sole source of carbon and
energy. Bacteria are inoculated on a medium containing sodium citrate and a pH indicator
bromothymol blue. The medium also contains inorganic ammonium salts, which is utilized as
sole source of nitrogen. Utilization of citrate involves the enzyme citritase, which breaks down
citrate to oxaloacetate and acetate. Oxaloacetate is further broken down to pyruvate and
COz.Production of Na;COs as well as NH3 from utilization of sodium citrate and ammonium salt

respectively results in alkaline PH. This results in change of medium’s color from green to blue.

Procedure: Bacterial colonies are picked up from a straight wire and inoculated into slope of
Simmon’s citrate agar and incubated overnight at 37°C. If the organism has the ability to utilize

citrate, the medium changes its color from green to blue.
Triple sugar iron agar

Triple Sugar Iron Agar (TSI) used to determine if bacteria can ferment glucose, and/or lactose
and if it can produce hydrogen sulfide or other gases. In addition, TSI detects the ability to
ferment sucrose. These characteristics help distinguish various Enterobacteriacae,

including Salmonella and Shigella, which are intestinal pathogens.

Procedure: Bacterial colonies are picked up from a straight wire and the tube is inoculated by
stabbing into the agar butt (bottom of the tube) with an inoculating wire and then streaking the
slant in a wavy pattern. Results are read at 18 to 24 hours of incubation.

TSI contains three sugars: glucose, lactose and sucrose. Lactose and sucrose occur in 10 times
the concentration of glucose (1.0% versus 0.1%). Ferrous sulfate, phenol red (a pH indicator that
is yellow below pH 6.8 and red above it), and nutrient agar are also present. A yellow slant on
TSI indicates the organism ferments sucrose and/or lactose. A yellow butt shows that the
organism fermented glucose. Black precipitate in the butt indicates hydrogen sulfide production.
Production of gases other than hydrogen sulfide is indicated either by cracks or bubbles in the

media or the media being pushed away from the bottom of the tube.
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Oxidase test (Filter Paper Method)

The oxidase test is used to determine if an organism possesses the cytochrome oxidase enzyme.
1. Soak a piece of filter paper in the reagent solution.
2. Scrape some fresh growth from the culture plate with a disposable loop or stick and rub
onto the filter paper or touch a colony with edge of paper.

3. Examine for blue colour within 10 sec.

Lysine decarboxylase agar

A selective isolation medium for Salmonellae and Shigella. Low in nutrients this medium relies
on a small amount of Sodium deoxycholate for selectivity. The indicator system is complex.
Most enteric organisms except shigella will ferment xylose to produce acid however the
salmonellae will also decarboxylate the lysine to keep the pH neutral. At near neutral pH the
salmonella can produce H>S from the reduction of thiosulphate producing black or black
centered colonies. Citrobacter spp. can also decarboxylate lysine, however the acid produced by

fermentation of both lactose and sucrose will keep the pH too acid for H»S to be produced

Urease test

Some bacteria produce the enzyme Urease, which catalyzes the hydrolysis of urea to form
ammonia and carbon dioxide. Organisms that do not produce this enzyme cannot metabolize
urea. Urea broth has a minimal amount of yeast extract along with urea. Organisms that cannot
metabolize urea will have insufficient nutrients for growth. Urea hydrolysis will result in a pH
increase because of the production of ammonia. The pH indicator phenol-red, will turn pink
with this pH increase. However, the presence of strong buffers in the medium requires a large
amount of ammonia production to cause a color change. Thus, only strong hydrolyzers of urea

will turn the broth pink (indicating a positive result). This should happen within 24 hours.

Results

+ = Positive (Pink coloration within 24 hours to 48 hours)
- = Negative (Orange coloration after 24 to 48 hours)

V = Variable
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Methods

1. Obtain two Urease Broths from the refrigerator.

2. Inoculate one broth using aseptic technique. Leave the other broth uninoculated (this will be
used as a control).

3. Incubate at an appropriate temperature (whatever temperature your organism grows well at).
Incubate for 24 to 48 hours (do not exceed 48 hours for this test).

4. Obtain your broths from the incubator and observe the color.
Motility testing

To test for motility, use a sterile straight wire to pick a well-isolated colony and stab the motility
medium to within 1 cm of the bottom of the tube. Be sure to keep the straight wire in the same
line it entered as it is removed from the medium. Incubate at 35°C for 24 hours or until growth is
evident. A positive motility test is indicated by a red turbid area extending away from the line of
inoculation. A negative test is indicated by red growth along the inoculation line but no further.

See the methods below in detail.

Methods

1. Obtain a motility agar tube from the back shelf.

2. Use an inoculating pick. Straighten the pick as much as possible.

3. Make a stab inoculation (about 2/3 of the way into the agar) from your unknown stock culture.
Try to make the stab (in and out) as straight as possible. Straightness is important because you
will be evaluating the amount of growth away from the stab. A messy stab will be difficult to
evaluate.

4. Incubate at an appropriate temperature for 24 to 48 hours (up to 72 hours).

5. Observe your culture by holding it up to a light source.
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H:S production

Principle

Hydrogen sulfide (H2S) is produced by bacterial anaerobic degradation of the two sulfur-
containing amino acids, cysteine and methionine. Hydrogen sulfide is released as a by-
product when carbon and nitrogen atoms in the amino acids are consumed as nutrients by
the cells. Under anaerobic conditions the sulthydryl (-SH) group on cysteine is reduced
by cysteine desulfurase. The agar contains high levels of peptones (sources of cysteine
and methionine) and ferrous sulfate as an indicator. When H>S is produced, the ferrous

ion reacts with it to give ferrous sulfide, an insoluble black precipitate.

Required

TSI Agar Slant, Inoculating loop and Incubator.

Procedure

Result

The triple sugar iron agar slant was inoculated by stabbing the butt and drawing the stick
over the surface of the slope.

Incubated at 35-37°C for 18 to 24 hours.
Looked for black precipitate formed.

Acid deep (yellow)/alkaline slant (red):- glucose fermented, lactose and/or sucrose not
fermented.

Acid deep (yellow)/acid slant (yellow):- lactose and/or sucrose fermented.

Alkaline deep and slant (all red):- glucose, sucrose, and lactose not fermented.

Deep split or displaced: - gas production.

Deep blackened: - H2S production.
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Voges Proskauer (VP) test:
Principle:

While MR test is useful in detecting mixed acid producers, VP test detects butylene glycol
producers. Acetyl-methyl carbinol (acetoin) is an intermediate in the production of butylene
glycol. In these test two reagents, 40% KOH and alpha-naphthol are added to test broth after
incubation and exposed to atmospheric oxygen. If acetoin is present, it is oxidized in the
presence of air and KOH to diacetyl. Diacetyl then reacts with guanidine components of peptone,
in the presence of alphanaphthol to produce red color. Role of alpha-naphthol is that of a catalyst

and a color intensifier.
Procedure:

Bacterium to be tested is inoculated into glucose phosphate broth and incubated for at least 48
hours. 0.6 ml of alpha-naphthol is added to the test broth and shaken. 0.2 ml of 40% KOH is
added to the broth and shaken. The tube is allowed to stand for 15 minutes. Appearance of red
color is taken as a positive test. The negative tubes must be held for one hour, since maximum

color development occurs within one hour after addition of reagents [35].

Examples: Escherichia coli: Negative;

Klebsiella pneumoniae: Positive
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VI. Antimicrobial susceptibility testing

1. Optochin test

S.pneumoniae strains are sensitive to the chemical Optochin (ethyl hydrocupreine
hydrochloride). Optochin sensitivity allows for the presumptive identification of alpha-hemolytic
streptococci as S. pneumonia, although some pneumococcal strains are Optochin-resistant. Other

alpha-hemolytic streptococcal species are Optochin-resistant.
A. Performing the Optochin test
1. Grow the strains to be tested for 18-24 hours on a BAP at 35-37°C with ~5% CO2.

2. Use a disposable loop to remove an isolated colony from the overnight culture on the BAP and

streak onto one half of a BAP.

Two different isolates can be tested on the same plate, but care must be taken to ensure that the

cultures do not overlap.

3. Place a P disk within the streaked area of the plate and incubate the BAP overnight at 35-37°C
with ~5% CO2 (or in a candle-jar).

4. Observe the growth on the BAP near the P disk and measure the zone of inhibition, if

applicable.
B. Reading the Optochin test results

v' Using a 6 mm, 5 mg disk, a zone of inhibition of 14 mm or greater indicates sensitivity and
allows for presumptive identification of pneumococci.

v' Zones of inhibition should be measured from the top surface of the plate with the top
removed.

v Use either calipers or a ruler with a handle attached for these measurements. Measure the
diameter of the zone holding the ruler over the center of the surface of the disk when
measuring the zone of inhibition. In the case of an isolate completely resistant to Optochin,

the diameter of the disk (6 mm) should be recorded [35].
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2. Antibiotic susceptibility testing
Procedure
1. Prepare a suspension of the test organism by emulsifying several colony of the
organism in a small volume of nutrient broth.
2. Much the turbidity of suspension with turbidity standard.
3. With a sterile swab take sample from the suspension (squeeze the swab against the side
of the test tube to remove the excess fluid).
4. Spread the inoculums evenly over the Muller-Hinton agar plate with the swab
5. Using a sterile forceps or needle, place the antimicrobial disc on the inoculated plate.
6. Incubate the plate aerobically at 35-37°C for 18-24 hours.
7. Read the test after checking that the bacterial growth is neither heavy nor light.
Measure the radius of the inhibition zone.
8. Interpret the reaction of the test organism to each antibiotics used as sensitive,

intermediate, or resistance as per the standard.

Sensitive zone of radius is wider or equal to the control
Intermediate zone of radius is > three mm smaller than the control
Resistance no zone of inhibition [36].
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