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Abstract
Background

Meningitis remains a public health priority with approximately 100 thousand deaths per year in India. Currently available diagnostic methods are less sensitive and
hindered by the use of antibiotics. Consequently, culture negative CSF are of diagnostic dilemma for physicians. Rapid progression of clinical manifestations and
need of 48 hrs for culture identification often encourages indiscriminate use of antibiotics. In the study we present the use of Fast-track diagnostics multiplex PCR
for pathogen detection.

Methods

120 bacterial culture negative CSF samples were subjected to testing. These samples were collected from children clinically suspected of meningitis and subjected to
multiplex real time PCR using with FTD bacterial meningitis and Neuro 9 kit.

Results

A bacterial or viral agent was identified in 35(29%) of the 120CSF samples. §.pneumoniae was detected in 19 samples. H. Influenzae and Neissieria meningitidis was
present in one sample each. Mixed infection of §.pneumoniae and Neissieria meningitidis was present in one sample. ParvovirusB19 was most common, followed by

Varicella Zoster Virus and Epstein Barr Virus, Human Herpes Virus-6,7 and Adenovirus

PCRSeqTyping identified Serotypes 6B,19F,1,14 and 20 in 19samples positive for §.pneumoniae.

Conclusion

The results of our preliminary study point out the usefulness of qmPCR based assay to establish the etiology of meningitis in settings where substantial number of
specimens are culture negative. The findings suggest that pneumococcal meningitis is more prevalent in India than was previously suspected. The diagnostic molecular
tool provides simultaneous detection of viral pathogens which is a neglected parameter.

Abbreviations: LA: Latex agglutination; CSF: cerebrospinal fluid;
FTD: Fast-track diagnostics; PCR: Polymerase chain reaction; GBD:
Global Burden of Disease; LAT: latex agglutination testing; B19V:
Human parvovirus B19 (B19V); Hib: H. influenzae type b; IAP: Indi-
an Academy of Pediatrics; VZV: Varicella zoster virus; ssDNA: single
stranded DNA; UIP: Universal Immunization programme

Introduction

Meningitis, a debilitating disease with many deaths and serious
long-term effects for patients, remains a major global public health
problem [1]. It is a major cause of morbidity and mortality among in-
fants and children below 5 years of age [2]. Despite advances in vac-
cine production and the availability of potent newer antibiotics, the
death rate due to meningitis remains significantly high in India [3,4].
The 2016 Global Burden of Disease (GBD) report estimated that the
number of cases of global meningitis rose from 2.50 million (95% UI
2.19-2.91) in 1990 to 2.82 million (2.46-3.31) in 2016 [3]. Although
global meningitis deaths decreased by 21.0% from 1990 to 2016, the
overall burden of meningitis remains high [1].
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It is necessary to know the aetiology, along with their susceptibility
profile, so that patients with least potential mortality can be optimal-
ly treated. Accurate etiological diagnosis is often not possible due to
weak culture facilities, prior antibiotic therapy, delayed crop plating,
unavailability of uniform quality media, and low bacterial load. How-
ever, detection, characterization and serogrouping of strains is impor-
tant for the investigation of outbreaks, events, contact management and
implementation of vaccination strategies. There is a need for a periodic
examination of cases of meningitis, as the pathogens responsible for the
infection differ in time, geography and patient age.
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Microbiology laboratories play a critical role not only in the early
detection of the causative bacterium and its pattern of antibiotic sus-
ceptibility, but also in the providing valuable information regarding
the common incriminating pathogens and also on the start of empiric
therapy [5]. The definite laboratory diagnosis of bacterial meningitis
requires the isolation of bacteria by the culture of CSE which takes at
least 12 to 48 hours [6]. In addition, around 50% of suspected cases
of bacterial meningitis are not confirmed by culture, mainly because
of pre-analytical problems and low clinical sample quality due to de-
layed sample processing and/or the use of antibiotics before the lumbar
puncture. Rapid methods such as Gram staining or latex agglutination
testing (LAT) are available for the detection of certain agents but are
not sufficiently sensitive [6]. The standardization of a molecular biology
technique to identify major etiological agents of bacterial meningitis will
contribute to improvements in the diagnosis, especially in cases where
there is a low concentration of the microorganism, the patient is already
being treated with antimicrobials, or when culture results are not satisfac-
tory. Detection of nucleic acid in CSF of suspected cases by nucleic acid
amplification test is considered an important diagnostic tool which has a
high sensitivity, specificity, simplicity in execution, rapidity, and interpre-
tation [7]. Multiplex molecular assays are an attractive option for detection
of several microbial targets simultaneously and are now routinely used for
bloodstream, respiratory, and gastrointestinal infections [8].

In the light of these concerns and limitations, the study aimed to
determine the etiological agents that cause meningitis using molecular
diagnostic methods to improve the laboratory diagnostic assessment of
the patients. The assay detects 14 pathogens known to cause meningitis,
including three bacteria and twelve viruses.

Methods
2.1 Study design and population:

The study was conducted in two tertiary care teaching hospitals in
Chennai and Kanpur. 120 CSF samples were collected from paediatric
patients aged 6 months to 5 yrs presenting to the paediatric outpatient
department with children clinically suspected of meningitis. Informed
consent was obtained from each parent/guardian prior to performing
study-specific procedure. The protocol was reviewed and approved by
local Ethics Committees, and the study was conducted according to
Good Clinical Practice and the Declaration of Helsinki.

2.2 Study procedures:

Children with clinically suspected meningitis presenting to study
physicians were anonymously recorded in screening logbooks and
assessed for eligibility. Demographic characteristics, medical history,
antimicrobial therapy and general symptoms of eligible children were
collected.

2.3 Sample collection, handling and transport

CSF samples were collected by lumbar puncture by specialized
professionals and samples collected were transported to microbiology
laboratory within 1 hr in an ice box.

2.4 Bacterial culture:

CSF samples were directly inoculated onto 5% Sheep Blood agar,
Chocolate agar and MacConkey agar (HiMedia, India). The MacConkey
agar plates were incubated aerobically while chocolate and blood agar
plates were incubated for 24-48 h at 37°C in 5% carbon dioxide. The
plates were observed for the colony characters of bacterium, Gram-
staining and biochemical reaction using the standard methods [6].
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2.5 Molecular analysis:
2.5.1 Extraction of Total nucleic acids:

Total nucleic acids were extracted from the CSF samples using
QIAamp viral RNA Mini Kit with automated DNA extractor, QIAcube
(Qiagen, Germany), as per manufacturer’s protocol. Quantity and qual-
ity of the extracted nucleic acid was measured spectrophotometrically
at 260 nm absorbance with Nanodrop 2000 (Thermo Fisher Scientific,
USA).

2.5.2 Meningitis multiplex PCR panel:

Total nucleic acids extracted were subjected to multiplex PCR
using the Fast-track Diagnostics Neuro 9 panel (for Virus) and Bac-
terial meningitis panel. FTD Bacterial meningitis is an in vitro test for
the quantitative detection of bacterial nucleic acid in cerebrospinal fluid
(CSF) and blood samples for detecting Neisseria meningitidis, Streptococ-
cus pneumoniae and Haemophilus influenzae type b. FTD Neuro9 is an in
vitro test for the qualitative detection of viral nucleic acid as an aid to the
evaluation of infections with adenovirus, cytomegalovirus, Epstein-Barr
virus, herpes simplex virus 1 & 2, varicella- zoster virus, enterovirus,
parechovirus, human herpes virus 6 and 7 and parvovirus B19.

2.5.3 Serotyping of S. pneumoniae by PCRSeqTyping:

S.pneumoniae positive samples were subjected for serotyping by
PCR amplification and sequencing of cpsB region as detailed else-
where. Briefly, PCR amplification and sequencing was performed us-
ing cpsB primers [9,10]. The sequence data was used to interrogate the
GenBank database (http://www.ncbi.nlm.nih.gov/blast/) and assigned
to serotype using the criteria as per protocol [9]. Serotype of the cpsB
nucleotide sequence from GenBank with the highest BLAST bit score
was assigned, provided that sequence identity was >99% with the query
amplicon nucleotide sequence.

Results
3.1 Study Population:

The study population was divided into 4 categories of age group.
25% (n=30) of the population belonged to 0-2yr of age group, 32%
(n=38) were from 2-5yr age group, 31% (n=37) were from 5-10yr and
13% (n=15) belonged to 10-15yrs of age. 53% of the study population
were male and 47% were female. No cells were found in 72 % (n=86) of
the samples. Out of 34 samples which had cell count, average cell count
was 134. None of the samples were positive for bacterial culture.

Geographically, 67% of the samples (n=80) were collected from
South region (Chennai) and 33% of the samples (n=40) were collected
from north region (Kanpur).

3.2 Bacterial culture:

No evidence of bacterial growth was observed in CSF samples.
This could be due to prior antibiotic treatment received before hospital
admission.

3.2 CSF FTD Panel Results:

A bacterial or viral agent was identified in 35 (29%) of the 120 CSF
samples. 18/40 (45%) of the samples from North region and 17/80
(21%) of the samples from South region were positive for FTD panel.

Of the 35 positive sample, the most commonly detected organisms
were S.pneumoniae (19 cases, 54% of FID positives) and Parvovirus
B19 (B19) (13 cases, 37% of FTD positives). H.Influenzae and Neissieria
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meningitidis was present in one sample each. Mixed infectious
pathogens (virus and bacteria) were observed in 7 cases. Apart from
B19, Varicella Zoster Virus (3 cases), Human Herpes Virus-6 (1 case),
Human Herpes Virus-7 (1 case), Epstein Barr Virus (2 cases) and
Adenovirus (2 cases) were identified. In one patient from north region,
FTD panel detected mixed infection with Neissieria meningitidis,
S.pneumoniae and Varicella Zoster Barr Virus.

S.pneumoniae was observed in 44% of the FTD positive samples
(8/18) from north region while it was seen in 65% (11/17) of the FTD
positive samples from south region. Prevalence of B19 was 61% (11/18)
and 12% (2/17) of the FTD positive samples from North and South
region.

PCRSeqTyping analysis of S.pneumoniae positive samples identified
the following serotypes — 6B (n=7), 19F (n=5), 1 (n=3), 14 (n=3) and
20 (n=1)

Discussion

Recently, the introduction of newer Hib and Pneumococcal vaccines
has improved the epidemiology of Bacterial Meningitis compared
to the pre-vaccine period, when both morbidity and mortality were
comparatively high [11]. Extremely successful antimicrobial treatment,
when started early, results in a positive outcome. However, the emerging
antibiotic resistance is of increasing concern [12]. The phenomenon
of indiscriminate antibiotic use and repeated pre-treatment with
antibiotics makes the isolation of the causative organism difficult and
restricts the option of antibiotics. Hence, there is a growing dependency
on newer techniques such as latex agglutination antigen detection or
DNA-based polymerase chain reaction (PCR) [13].

Annually about 700,000 to 1 million deaths attributable to
pneumococcal disease occur globally with majority of them occurring
in the developing countries. Currently licensed PCV10 and PCV13
formulations are likely to offer coverage for serotypes prevalent in India
and have been recommended by Indian Academy of Pediatrics (IAP)
since 2012 [14]. The Government of India introduced PCV13 in the
UIP during 2017 in high incidence state of India, which likely to reduce
the incidence of pneumococcal disease in India.

The objective of this study was to determine the clinical applicability
of Multiplex real-time PCR tests to detect viral and bacterial meningitis
pathogens from CSF samples. In our study, S.pneumoniae emerged as
the single most prevalent bacterial pathogen that caused meningitis
in children followed by Parovirus B19 using multiplex real time PCR
panels. These findings are corroborated by data from other Indian
studies where S. pneumoniae was the most common aetiology in
clinically suspected meningitis [15,16].

Serotyping performed on the S. pneumoniae positive CSF samples
identified five different serotypes. The predominant pneumococcal
serotypes identified in this study included 6B, 19F, 1 and 14 and 95%
of these serotypes are covered by PCV-13. This finding is in agreement
with the profile of pneumococcal serotypes recently published from
India [16]. One H.influenzae type b (0.8%) and One Meningococci
(0.8%) was also seen among CSF samples albeit at a low level when
compared to the previous reports [17].

The decrease in the incidence of H. influenzae type b with
concomitant increase in pneumococcal infections can possibly reflect
the impact of the addition of Hib vaccine as part of the Pentavalent
vaccine in the UIP from 2012 in India. Immunization of young children
might not only have conferred protection against invasive H. influenzae
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type b disease but could also have indirectly provided protection to
unvaccinated individuals through interruption of disease transmission
thereby reducing risk of acquiring Hib infection [18,19]. There is
likelihood for a similar shift in levels of pneumococcal disease in the
post-PCV introduction scenario.

Among all patients, parvovirus B19 mono-infection was detected
in 10 (8.3%) cases and mixed infection with S.pneumoniae was detected
in 3 cases, suggesting that BI9V could be involved in the disease
etiology. In addition, in the literature, B19V mono-infection in a case of
neurological disorders has been considered as a causative agent [20,21].
In India, Parovirus B19 is reported in non-traumatic arthropathy
group, ESRD patients, febrile illness, children with aplastic anaemia/
leukaemia and chronic haematological disorders [22]. There are no
reports from India reporting B19V in neurological disorders.

Human parvovirus B19 (B19V) is a member of Parvoviridae, a
family of small (~25 nm) non-enveloped viruses containing a linear
single stranded DNA (ssDNA) genome of 5 to 6 kb [23]. These
parvoviruses are considered as human pathogens and are associated
with a wide range of pathologies. BI9V causes fifth disease, persistent
anaemia, transient aplastic crisis, hydrops fetalis, and arthropathy
[24]. B19V infection has been associated with various neurological
complications such as encephalitis, meningitis, stroke, neuropathy,
status epilepticus, and encephalopathy. While B19V infection is more
frequently found among immunocompromised hosts, it can occur in
the immunocompetent, apparently healthy children and adults as well
[25,26].

Infections by herpes viruses (Varicella zoster virus [VZV]) are
frequent in humans, and such viruses tend to persist within cranial
nerves, dorsal roots, and autonomic ganglia causing latent infections by
virtue of reactivation [27]. VZV infection of the central nervous system
(CNS) such as encephalitis, meningitis, myelitis, or vasculitis occurs
rarely but is feared because of the numerous unfavourable outcomes of
such presentations. Meningitis is a rare complication of VZV infection
and very few cases have been described in India so far [28, 29]. Our
study demonstrated the presence of VZV in 2.5% of the cases. Mono-
infection of VZV was detected in 2 cases and interestingly was detected
as coinfection with N.meningitidis and S.pneumoniae in one case. All
cases are from Northern part of India. This finding is comparable to
results other Indian studies where they have prevalence of 0.1% [30] 3%
[31]; 3.3% [32] 4.4% [33,34].

We report an unusual case of PCR positive case of pneumococcal
and meningococcal mixed meningitis in a 5-month-old boy. The
patient was recruited in Paediatrics department of medical college in
Kanpur with no underlying condition before the onset of the symptoms
suggesting meningitis. Varizella-Zoster Virus was also detected in the
CSF sample along with other two bacteria. Similar observation was
made in studies from Marchandin et al [35], Nejad et al [36] and
Downs et al [37]. A review of the literature suggests that 1% of all cases
of meningitis are caused by more than one bacterial species. Before
1950 such cases occurred predominantly in children and were caused
by combinations of bacteria commonly associated with meningitis.
Since 1950 a largely adult population has been affected by mixed
bacterial meningitis, with a higher incidence of gram-negative bacillary
organisms cultured from the cerebrospinal fluid. Mortality was 26% for
cases occurring before 1950 and 63% for those occurring after 1950.
Failure to recognize one of the organisms present in the cerebrospinal
fluid may result in the initiation of inadequate therapy in as many as
67% of cases [37].
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Given the associated risks of excessive antimicrobial exposure,
existing diagnostic problems, prolonged hospital stays, costs, and
severe morbidity and mortality of undiagnosed and untreated CNS
infections, we are in desperate need of rapid and reliable diagnosis of
meningitis [38]. Significant recent developments have been made in
novel diagnostic platforms for CNS infections, including multiplex PCR
assays such as ME panel, FTD panel, 16s ribosomal DNA sequencing,
and metagenomic deep sequencing [39]. The appeal of these methods
is the ability to assess several pathogens at one time. Data from case
reports and case series demonstrates the possible value of these methods
for the detection of treatable pathogens [40-42]. These exciting aspects
are countered by the high costs of new diagnostic platforms, the local
resources needed for research, including technological expertise and
support, and the difficulty of interpreting results. It is important that
we assess the performance of such tests against gold standard testing
and also understand the processes by which these diagnostic methods
are used to improve patient care, antimicrobial stewardship, hospital
related costs and patient results.

Conclusion

Early diagnosis and treatment of meningitis are very critical for
reducing its mortality and morbidity. Early identification of responsible
agents with molecular methods, such as PCR, may be possible in
patients with suspected meningitis. Significant economic benefits can
be achieved by avoiding excessive use of antibiotics and hospitalisation
through early identification of microbial agents. Multiplex PCR of CSF
samples has proven to be a valuable tool for improving the speed and
precision of the diagnosis of bacterial meningitis, even in cases with
CSF cytochemical characteristics of acute bacterial meningitis but with
negative culture findings.
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