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ABSTRACT

Introduction: Bacterial meningitis especially in neonates remains
a major cause of mortality and long term health sequelae. There
is a need for periodic review, since pathogens responsible for
the meningitis vary with time and geography.

Aim: To find the culture positivity of Cerebrospinal Fluid (CSF)
specimens before and after installation of automated blood
culture and identification system in suspected neonatal meningitis
cases.

Materials and Methods: The present descriptive cross-sectional
study was carried out during July 2020 to December 2020,
for six months duration in Department of Microbiology, Rural
medical college, (Pravara Institute of Medical Sciences-Deemed
University), Loni, Maharashtra, India. All CSF specimens from
neonates <28 days received in Department of Microbiology
were included in the study. All CSF specimens collected in
BacT/Alert bottle were incubated and further subjected to
identification by Vitek 2 system. All CSF specimen smears,
received were subjected to Gram staining and Ziehl Neelsen
Staining. Descriptive statistics was used for result analysis.

Results: A total of 265 CSF specimens were received during
the study period. Males (59%) outnumbered females (41%) in
the present study. Bacterial growth by automated blood culture
system (BacT/Alert 3D) was detected in 85 CSF specimen
giving the culture positivity as 32.08%. The most common
bacterial isolate was found to be Staphylococcus haemolyticus
followed by Enterococcus species and Acinetobacter species.
Also, an attempt was made to compare culture positivity results
with results by conventional culture method before installation
of automation which showed heightened results for culture
positivity and diversity of clinical isolates.

Conclusion: Bacterial neonatal meningitis is a common entity and
aetiological diagnosis is crucial in every healthcare setting. The
present study describes the various aetiological agents isolated
by automated blood culture system in neonatal CSF specimens.
Retrospective comparison with conventional culture has shown
promising results for automated system. Early isolation and
definitive identification with drug sensitivity, has got massive
impact in management of neonate, further in timely progression
of child’s developmental milestones.
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INTRODUCTION

Bacterial meningitis is one of the Central Nervous System (CNS)
disorders, which is an infection of the memibranes (meninges) and CSF
surrounding the brain and spinal Cord. It is one of the major causes
of disability worldwide. Bacterial meningitis remains a severe infection
with high rate of mortality. Earlier clinical suspicion and implementation
of appropriate antimicrobial therapy were critical to minimise adverse
outcomes therefore, accurate diagnosis is necessary regarding the
important aetiological agents to ensure appropriate management [1,2].

The CSF is normally water clear has no more than five lymphocytes
per mm, has glucose concentration between 45 and 100 mg/dL,
protein concentration between 14 to 45 mg/dL and it is sterile.
Infectious agents can get to the CNS through the blood stream or
by direct extension from adjacent structures. The neonatal sepsis is
prompting factor for meningitis [3-5].

Most cases of bacterial meningitis occur in early childhood. Pathogens
which infect CNS system are different in different child age groups.
Streptococcus pneumoniae, Neisseria meningitidis, and Haemophilus
influnezae type-b are among the prevalent bacterial pathogens of this
disease. There has been a decrease in the incidence of H. influenzae
type b (Hib) and S. pneumoniae meningitis in countries where
vaccination plan is generally performed against the two bacteria.
Recently, Universal Immunisation Program by Government of India has
included the H. influenzae (Hib) vaccine for children [5,6].

Meningitis in neonates most commonly results from the infection that
is acquired from mother in utero or during vaginal delivery. In neonates,
clinical signs and symptoms of CNS infections are often non specific
and include fever, hypothermia, food retention, skin lesions, irritability or
general malaise. Meningitis is mainly diagnosed on the basis of history,
clinical examination, and CSF examination by conventional culture
methods and automated culture methods. Gram stain of CSF can
provide a rapid preliminary identification of the infective organism [7,8].

Growth of the organism is frequently hampered by less number of
organisms and their slow growth in CSF specimen by conventional
method. The use of blood culture system for the culture of normally
sterile body fluids other than blood is widely accepted now [7-9].

The BacT/Alert PF plus bottles provides detection of microorganisms
when a small volume of blood/body fluid is available. An inoculated
bottle is placed into the instrument where it is incubated and
continuously monitored for the presence of microorganisms. The
BacT/Alert Microbial detection system utilises a colorimetric sensor
and reflected light to monitor the presence and production of carbon
dioxide (CO,) dissolved in the culture medium. If microorganisms
are present in the test sample, CO, is produced as the organisms
metabolise the substrate in the culture medium. When growth of the
organisms produces CO,, the colour of the gas permeable sensor
installed in the bottom of each culture bottle changes from blue-
green to yellow and signals the growth positive bottle [8-12].

Journal of Clinical and Diagnostic Research. 2022 Jan, Vol-16(1): DC06-DC09



www.jcdr.net

The Vitek 2 compact system uses a fluorogenic methodology for
organism identification and a Turbidimetric method for susceptibility
testing using a 64 well card that is barcoded with information [9-11].

The present study was planned to find the culture positivity of
neonatal bacterial meningitis in and around the Pravara Rural hospital,
Loni, Maharashtra, India. Also, an attempt was made to compare
observations with culture positivity for six months before installation
of automated system by conventional technique retrospectively.

MATERIALS AND METHODS

The present descriptive cross-sectional laboratory based study was
carried out in the Department of Microbiology, Rural Medical College,
(PIMS-DU) Loni, Maharashtra, India, during July 2020 to December
2020. The study was approved by Institutional Ethical Committee
(Reg.No.DR/RMC/UG-PG/2020/102).

Inclusion criteria: Patients aged <28 days were included with
both genders.

Exclusion criteria: Patients more than 28 days and repeat specimen
from the neonate were excluded.

Sample collection: All the CSF specimens from both genders, age
less than or 28 days, were received in the Department of Microbiology
with duly filled requisition form with request to do culture and sensitivity.
Informed consent was taken by clinician before collecting specimen.

Procedure

Aerobic BacT/Alert PF plus bottle which was inoculated with CSF
specimen (approximately, 0.1 mL-2 mL) and two glass slides with CSF
smears from the suspected cases of meningitis from the ward/Neonatal
Intensive Care Unit/Paediatric Intensive Care Unit were received in the
Department of Microbiology. Two glass slides with CSF smear were
heat fixed and stained by Gram staining and Ziehl Neelsen and further
subjected to direct microscopy. CSF inoculated aerobic BacT/Alert PF
plus bottles were incubated in BacT/Alert incubator for a maximum
period of five days or until designated positive for growth. The automated
BacT/Alert Microbial Detection System gave signals the bottle with
growth of organism. Smear and subculture of all positive bottles was
done on Mac-Conkey agar, blood agar and chocolate agar. Identification
of organism was done by automated identification system. Antibiotic
Sensitivity Testing (AST) was done by automated Vitek-2 system [10].
Routine conventional culture technique included the direct inoculation
of CSF specimens on Mac-Conkey, blood agar and chocolate agar.
After overnight incubation the isolates were identified by conventional
biochemicals reactions. An antibiotic susceptibility test was performed
by Kirby Bauer Disc diffusion method with standard technique [3,10].

STATISTICAL ANALYSIS

Since the present study was descriptive type, descriptive statistics
was used for data analysis.

RESULTS

A total of 265 CSF specimens were received during the study period.
In the present study, mean neonatal age was found to be 5.3 days.
Male neonates 157 (59%) population was higher than the female
108 (41%) neonates. Smear positivity and culture positivity were fairly
associated in the study [Table/Fig-1]. [Table/Fig-2] shows CSF culture
positivity in neonate study population by automated culture system as
85 (32.07%) out of 265. Culture positivity in male and female population
was much similar. Day wise BacT/Alert flag positivity by automated
culture system was maximally seen on 1stand 2" day (35, 41.18 % and
27, 31.76%) of incubation [Table/Fig-3]. Culture positivity and organism
wise distribution of CSF isolates by automated culture system and
conventional culture (before installation of automated system) showed
various gram positive and gram negative organisms where most
common gram positive isolate found was Staphylococcus species
(43 out of 63) by automated culture [Table/Fig-4]. An attempt was
made to compare the culture positivity of automated culture system
and conventional culture technique before installation of automated
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system which showed very encouraging observations for automated
system. Organism wise distribution by conventional culture method
showed dominance of gram negative isolates retrospectively [Table/
Fig-4]. Drug resistance for gram positive and gram negative organism

by Vitek 2 system is shown in [Table/Fig-5].

Culture
Gram stain Culture (+) Culture (-) Total (n=265)
Gram smear (+) 52 08 60 (22.64%)
Gram smear (-) 33 172 205 (77.36%)
Total 85 (32.08%) 180 (67.92%)

[Table/Fig-1]: Concordance between gram smear and culture positivity by

automated system.
Ziehl Neelsen (ZN) stain of all CSF specimen smears received were negative for acid fast bacilli

Male positive/ Female positive/ | Culture positive/
Month Total Total Total
July 2020 05/28 02/08 07/36
August 2020 05/17 05/17 10/34
September 2020 13/28 02/11 15/39
October 2020 05/16 03/12 08/28
November 2020 11/39 10/23 21/62
December 2020 13/29 11/37 24/66
Total 52/157 (33.12%) 33/108 (30.5%) 85/265 (32.08%)

[Table/Fig-2]: Six month data of CSF culture positivity by automated culture system.

Flag positive

Month bottle (n=85) | 1s*Day | 2 Day | 3<Day | 4" Day | 5" day

July 2020 o7 03 02 01 01 00

August

2020 10 04 04 00 02 00

September

2020 15 08 04 02 01 00

October

2020 08 05 02 01 00 00

November

2020 21 13 02 03 03 00

December

2020 24 02 13 07 01 01

Total 35 27 14 8 1
41.18%) | (31.76%) | (16.47%) | (9.41%) | (1.18%)

[Table/Fig-3]: Day wise Bact/Alert flag positivity by automated culture system.

Conventional culture (N=191)

Automated culture (N=265)

Culture positivity 5.75% (n=11)

Culture positive 32.08% (n=85)

Gram positive Gram Gram positive Gram negative
(01) negative (10) (63) (22)
CONS*(01) Klebsiella Staphylococcus Klebsiella
spp. (03) haemolyticus (16) pneumoniae (08)
Acinetobacter Enterococcus faecium (10) Acinetobacter
spp. (03) baumannii (06)
Escherichia Staphylococcus Acinetobacter
coli (02) epidermidis (10) Iwoffii (02)
Serratia Staphylococcus homminis Escherichia coli
marcescens 07) 02)
1)
Enterobacter Staphylococcus aureus Serratia
spp. (01) (06) marcescens (01)
Enterococcus faecalis (03) Enterobacter
cloacae (01)
Streptococcus pyogens Burkhoderia
©2) cepacia (01)
. Stenotrophomonas
Micrococcous luteus (02) maltophila (01)

Kocuria rhizophilia (02)

Staphylococcus sciuri (01)

Staphylococcus arfette (01)
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Kocuria kristinae (01)

Staphylococcus capitis (01)

Staphylococcus gallinarum
(01)

[Table/Fig-4]: Culture positivity and organism wise distribution of CSF bacterial
isolates by conventional culture method (before installation of automation) and

automated culture system.
*CONS: Coagulase negative Staphylococcus

CSF isolates Type of drug resistance %

Staphylococcus aureus (06) MRSA* (05) 83.33
Enterococcus spp. (13) VRE* (03) 23.07
Gram negative isolates (22) MDR* Gram Negative isolates (02) 9.09

e of drug resistance seen in CSF isolates by Vitek-2 compact system.
istant Staphylococcus aureus; *VRE: Vancomycin resistant Enterococcus;

*MDR: Multidrug resistance

DISCUSSION

Present study was rare, as authors selected neonate population
and intended to see the result of CSF culture positivity before and
after installation of automated culture system. Before installation of
automated system, authors were routinely using conventional method
for CSF culture and sensitivity. Department of Microbiology do compile
culture positivity and sensitivity data periodically which actually lead
to do such study in department. To some extent, authors compared
the result and found augmented culture yield by automated culture
system. Other than culture positivity, authors could identify the isolates
till species level with standard antibiotic susceptibility test results within
a short time frame. Also, it was advantageous to identify few bacterial
isolates which could not be identified with conventional method easily.

The present study showed the dominance of male neonates (59%)
over female neonates (41%) which was quite similar to the study
by Umate S et al., in Mumbai which comprised (62.0%) of male
neonate population in their study [13] and Kaul V et al., also noted
the male predominance while some studies did not noted any
gender dominance [14-16]. CSF culture positivity by automated
culture system in present study was found to be (32.08%) which
was comparable to the neonatal study by Boskabadi H et al., in
Tonekabon (Iran) which reports it to be (36.5%) [17].

Direct microscopy using Gram stain and Zeihl Neelsen stain was done
on all (265) received CSF specimen smears. The bacterial pathogen
could be demonstrated by gram stain in 60 neonatal CSF specimens
(22.64%), while in total 85 (32.08%) specimen’s yielded growth. This
signifies necessity of gram staining method as rapid affordable method
for provisional diagnosis of bacterial meningitis in Indian scenario.
Gram staining depends on several factors like the number of organism
present, prior use of antibiotics and techniques used. Low vield of
microscopy result may be due to scanty smear of CSF specimen on
slides. But, the use of automated system definitely increased the culture
yield. No acid fast bacili was found in any of the specimen indicating
very low probability of mycobacterial aetiology in neonatal meningitis.
Observations of gram stain were comparable to observations made by
Mani R et al., in there bacterial meningitis study done at Bangalore [18].
Among causative agents, authors found the predominance of gram
positive organism (74.0%) than gram negative organism (26.0%)
by automated culture system. Studies by Cohen-Wolkowiez M
et al., and Devi U et al., showed the predominant gram-negative
organisms in neonates [19,20]. Paediatric study by Attia Bari FZ et
al., [21] in Lahore, showed the gram positive organisms as major
causative agents similar to Yoo IY et al., who used automated
culture technique [7]. Keniyan Neonatal meningitis study by Laving
AM et al., reported E.coli as most common (46.7 %) causative agent
by Latex Particle Agglutination (LPA) assay Antigen test [22], while
Dirkje de Blauw AH et al., reported E.coli as most common bacterial
agent in their neonatal study of CNS infections [4].

As neonatal CSF specimen is a very precious sample, author could
not ask it for both conventional and automated culture simultaneously.
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An attempt was made to compare the results of six months
prospective data with the six months retrospective CSF culture data
by conventional method only before installation of BacT ALERT
automated system. Out of 191 specimens received for conventional
culture, only 11 showed the growth of bacteria giving culture positivity
(6.75%). In which gram positive organism were found to be fewer
(1 out of 11) and dominance of gram negative (10 out 11) organism
was observed. Most of the time identification was made till genus
level only. In the neonatal study by Laving AM et al., the CSF culture
positivity by conventional method was reported to be 17.9% and
gram negative organism as major aetiological agent [22].

Advantage of automated culture was its flag positivity which can be as
early as day 1% of incubation further reducing the time for final culture
report. Out of 265 specimens, 41.18% and 31.76% specimens were
flagged positive on day 1 and day 2, respectively. Authors could also
report antibiotic susceptibility results at earliest which is very important
and relevant for decisions by clinicians to switch over the antibiotics.

MRSA incidence in present neonatal study was found to be 83.33%
and incidence of Vancomycin Resistant Enterococcus (VRE) was
23.07% by automated Vitek 2 system. In gram negative bacterial
isolates, incidence of Multidrug Resistance (MDR) was found to
be 9.09%. This can be compared to study by Devi U et al., who
reported VRE as 50% and high incidence of resistance in gram
negative isolates [20].

In present study, most common gram positive isolate found
as Staphylococcus  species.  Staphylococcus — haemolyticus,
Staphylococcus epidermidis, Staphylococcus homminis, Micrococcous
luteus, Kocuria rhizophilia, Staphylococcus sciuri, Staphylococcus
arlette, Kocuria kristinae, Staphylococcus capitis, Staphylococcus
gallinarum belong to group Coagulase Negative Staphylococci (CONS)
which were identified by Vitek 2 Compact system to species level.

A total of 42 (49.4%) CONS were among the 85 total isolates
indicating the labeling of CONS as emerging pathogen. The
Korean paediatric BacT/alert CSF culture study by Yoo IY et al.,
also found CONS as most common isolate [7]. Amongst CONS
Staph. haemolyticus was most common isolate followed by
Staphylococcus epidermidis and Staphylococcus hominis by the
Vitek 2 system. Among Streptococci, authors found Enterococcus
species as most common and Streptococcus pyogenes as of two
isolates only. Among the Enterococcus species E.faecium was most
common (10 out of 13) than E.faecalis as noted by Devi U et al., in
her study done in Dibrugrh (Assam) [20].

Staphylococcus capitis, Staphylococcus arlette, Staphylococcus
sciuri, Staphylococcus gallinarum and Kocuria rhizophila, Kocuria
kristinae were the isolates which could be identified by automated
system only. Similar association of these Staphylococcal species
with bacterial meningitis was mentioned by Gheibi S et al, and Azimi
T et al., in their study articles [16,23].

In present study, most common gram negative isolate as Klebsiella
pneumoniae followed by Acinetobacter baumannii. Modi GB et al.,
also noted dominance of gram negative bacilli in his CSF culture study
[24]. Study by Barnawal RK et al., in Ranchi noted E.coli as most
common gram negative isolate in neonate population [25]. In present
study, some nil fermenter pathogens like Burkholderia cepacia and
Stenotrophomonas maltophilia were also found which are difficult
to grow and to identify by conventional culture technique. MDR,
non fermenting gram negative Acinetobacter isolates (50 %) were
isolated by Viswanathan R et al., in their neonatal study [26]. One
Serratia marcescens isolate was also observed in present study.

Though recent CSF studies are showing better sensitivity of
Multiplex Polymerase Chain Reaction (PCR) for detection of
H. influenzae, Streptococcus pneumoniae, Neisseria meningitidis
agents, its practicality in routine diagnosis is questionable due to its
cost and expertise support issues [27]. Role of CONS as pathogen
is a debatable and many authors reported it as major CSF isolate
which gives it growing significance [21,28,29].
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In the present study, Haemophilus influenzae and Neisseria meningitidis
were not isolated similar to finding by Debnath DJ et al., a study from
Maharashtra [30]. In contrast NIMHANS, Bangalore study accounted
for Haemophilus influenzae and Neisseria meningitidis, though less in
number [18]. Except few cities of North India, low incidence of endemic
meningococcal disease is reported in India [31]. Geographically, study
place is situated in western part of India where people are much aware
of child immunisation leading to very low presence of these agent in
community.

Limitation(s)

The study could not do the CSF culture by conventional and
automated culture system in parallel due to very small quantity of
CSF available for culture from the neonates.

CONCLUSION(S)

The present study demonstrates the advantage of automated culture
technique for better recovery of organism from CSF in neonates and
timely availability of results. Comparison of BacT/Alert results with
earlier conventional culture outcomes showed promising results.
The present research recommends the routine CSF culture by
automated culture system especially in paediatric population.
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