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Abstract

Background: Central nervous system (CNS) infections present a grave health care challenge due to high morbidity and mortality. Clinical
findings and conventional laboratory assessments are not sufficiently distinct for specific etiologic diagnosis. Identification of pathogens
is a key to appropriate therapy. Aim: In this retrospective observational study, we evaluated the efficacy and clinical utility of syndrome
evaluation system (SES) for diagnosing clinically suspected CNS infections. Materials and Methods: This retrospective analysis included
inpatients in our tertiary level neurointensive care unit (NICU) and ward from February 2010 to December 2013. Cerebrospinal fluid (CSF)
samples of 70 patients, clinically suspected of having CNS infections, were subjected to routine laboratory tests, culture, imaging, and
SES. We analyzed the efficacy of SES in the diagnosis of CNS infections and its utility in therapeutic decision-making. Results: SES
had a clinical sensitivity of 57.4% and clinical specificity of 95.6%. Streptococcus pneumoniae and Pseudomonas aeruginosa were the
top two bacterial pathogens, whereas Herpes simplex virus (HSV) was the most common viral pathogen. Polymicrobial infections were
detected in 32.14% of SES-positive cases. SES elicited a change in the management in 30% of the patients from initial empiric therapy.
At discharge, 51 patients recovered fully while 11 patients had partial recovery. Three-month follow-up showed only six patients to
have neurological deficits. Conclusion: In a tertiary care center, etiological microbial diagnosis is central to appropriate therapy and
outcomes. Sensitive and accurate multiplex molecular diagnostics play a critical role in not only identifying the causative pathogen
but also in helping clinicians to institute appropriate therapy, reduce overuse of antimicrobials, and ensure superior clinical outcomes.
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Introduction countries, and of those patients who recover, approximately

11-19% have permanent sequelae, imposing heavy societal
Infections of the central nervous system (CNS) such as
meningitis, encephalitis, and meningoencephalitis pose a serious
health care challenge due to high morbidity and mortality. The
mortality associated with bacterial meningitis is approximately
6-14% worldwide and 16-32% in India and other developing
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and economic burdens. Worldwide, the three major meningeal
pathogens, Haemophilus influenzae, Neisseria meningitidis, and
Streptococcus pneumoniae account for approximately 75-80%
of the cases of meningitis but the proportion varies among
geographies."”) Aseptic meningitis in India is caused by a variety
of viruses and Mycobacterium tuberculosis. Distinguishing the
aseptic and bacterial forms of the disease is extremely
critical for therapy and outcomes. In most cases, the clinical
findings are not sufficiently distinct to allow a specific etiologic
diagnosis. Sporadic and epidemic viral encephalitis clinically
encountered in India are caused by Herpes simplex virus (HSV),
Varicella zoster virus (VZV), Japanese encephalitis virus (JEV),
dengue, measles, and mumps.® Accurate etiological diagnosis
is the key to institute specific as well as supportive therapeutic
measures and prevent disastrous sequelae.”' A major
challenge in patients with encephalitis is to distinguish between
infectious encephalitis and postinfectious or postimmunization
encephalitis, encephalomyelitis, or encephalopathy.

The routine laboratory practices of cerebrospinal fluid (CSF)
cytology, CSF culture, Gram staining, India ink staining, latex
agglutination tests, etc., have limited use in a tertiary care center
such as ours where a majority of the patients come with prior
antibiotic therapy. Molecular methods for the diagnosis of CNS
infections are now well-established in the diagnosis of HSV and
enteroviruses.'" Multiplex polymerase chain reaction (PCR)
has been successfully used to diagnose viral CNS infections!'>2
and bacterial meningitis.[2¢!

In this retrospective observational study, we evaluated the
efficacy and clinical impact of a commercially available
multiplex molecular (PCR-based) diagnostic system——the
syndrome evaluation system (SES) developed by XCyton
Diagnostics Pvt. Ltd., Bengaluru, Karnataka, India for
diagnosing (ruling in or ruling out) clinically suspected CNS
infections in our tertiary care hospital. SES is a multiplex
PCR system that can identify 14 bacteria, 3 fungi, 17 viruses,
and 1 parasite distributed across separate clinically relevant
panels such as bacterial meningitis, meningoencephalitis,
and acute encephalitic syndrome (AES) in a single test from
a single sample, with a processing time of 7 h. In addition to
the detection rates, we studied the clinical correlation of SES
results with our laboratory findings, clinical suspicion, and
patient outcomes. To the best of our knowledge, this is the first
and most comprehensive study using multiplex PCR-based
diagnosis, which can simultaneously detect bacteria, virus,
fungi, and parasite on CNS infections in India.

Materials and Methods

Setting

This study was conducted in our tertiary level neurointensive
care unit (NICU) and ward from February 18, 2010 to December
28, 2013.

Out of the 70 patients, 67 were from the state of Tamil Nadu
while there was 1 patient each from Kerala, West Bengal, and
Tripura. At the time of conducting SES test, we routinely made
clear cut demarcation for ruling in or ruling out a suspected
CNS infection. In case of ruling out, the clinical suspicion was
of a noninfectious etiology. The clinical suspicion was based

on a) clinical presentation, signs, and symptoms, b) routine
biochemical tests, and c) clinical history of patients, whereas
in case of ruling in, the clinical suspicion was that of infectious
etiology, again based on the same parameters.

Inclusion and exclusion criteria

All consecutive patients who were clinically warranted and
thus were prescribed the SES test during the abovementioned
period were included in the study. Patients who were not
prescribed SES test or who could not afford SES test during
this period were excluded from this retrospective analysis.

Routine diagnostics

The freshly tapped CSF samples of 70 patients were subjected
to routine biochemistry, cell counts, staining, and culture in our
laboratory. All necessary aseptic precautions were taken to collect
1-2 mL of CSF at the same time in EDTA vacutainer, and analyzed
by SES at XCyton Diagnostics, Bengaluru, Karnataka, India.
Diagnostic imaging such as magnetic resonance imaging (MRI)
and computed tomography (CT) of the brain were performed
as deemed clinically appropriate for deserving patients. The
standard therapy was provided to all patients based on diagnostic
information from our laboratory and XCyton Diagnostics.

Syndrome Evaluation System procedure
The SES assay procedure as described by XCyton Diagnostics
is given in details below.

Primer and probe design

Primers and probes used in SES were designed using full
length genome sequences or complete coding sequence
obtained from GenBank of National Center for Biotechnology
Information (NCBI).

Syndrome Evaluation System assay

Nucleic acid extraction

Nucleic acid was extracted from 0.2 mL of EDTA CSF
sample using commercial columns (Qiagen, USA) as per the
procedure specified in the instruction manual provided by the
manufacturer.

Complementary DNA preparation

Complementary DNA (cDNA) was prepared using a cDNA
Archive kit (ABL USA) using a multiplexed pathogen specific
primers.

Nucleic acid amplification

Nucleic acid amplification was standardized in a 50-pl
volume containing 4 mM magnesium chloride, 0.2 mM
deoxynucleoside triphosphates, 50-300 nM concentration of
each primer set (biotin labeled), and 1U of Taq polymerase (ABI,
USA). The initial denaturation step was carried out at 95°C for
10 min followed by 40 cycles of denaturation at 95°C for 45 s,
annealing at 60°C for 45 s and extending at 72°C for 45 sin a
thermal cycler (Bio-Rad, UK).

Hybridization

The signature gene sequences chosen as probes for each of
the pathogens were commercially synthesized. 20 uM of
probes for each of the pathogens was transferred on to a
predetermined position on the SES platform according to
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the templates. The SES platform comprised a plastic frame
mounted on a charged membrane on to which probes were
arrayed. For each gene amplified, a single probe was used for
hybridization. In order to monitor the amplification and the
subsequent hybridization, 8-globin was used as an internal
control.

The amplified products were denatured at 95°C for 10 min.
They were then incubated at 50°C for 30 min on the SES
platform in the hybridization buffer. Unbound amplicons
were removed by washing the device thrice with a preheated
wash buffer. Following the washes, conjugate (streptavidin
peroxidase, Thermo Fisher) diluted in 1% BSA in PBS, along
with 0.05% tween 20 was added and incubated for 15 min
at room temperature. The SES platform was washed thrice
with the conjugate buffer at room temperature. Subsequently,
freshly prepared substrate (0.5 mg/mL of diaminobenzidine
with 0.03% of H,0,) was added and incubated for 10 min at
room temperature. SES platforms were then washed with water
and the signal observed with the naked eye under adequate
illumination. A semi-quantitative scale was developed in order
to minimize interreader variability in the interpretation of
results. Only signals with intensity 1 and above were classified
as positive.

Controls

XCyton Diagnostics uses three different controls, negative,
positive, and method controls for each batch of sample. In
addition, internal control is used to monitor amplification
in each sample. These controls ensure the following:
(i) no amplicon contamination, (ii) no contaminant has been
introduced during the assay, (iii) all the reagents have worked
according to the standard process, and (iv) all the reagents have
performed to the satisfaction in each sample tested.

SES validation was done on proficiency panels of Quality
Control for Molecular Diagnostics (QCMD), UK.

Statistical analysis

Descriptive statistics was used to analyze qualitative and
discrete variables. The data are represented in terms of
percentage and central tendency.

The institutional review board (IRB) and institutional ethics
committee (IEC) approvals that were necessary were taken
from KG Hospital before conducting the study.

Results

Seventy patients (53% males, 47% females; mean age: 35.6 years)
clinically suspected of CNS infections between February 2010
and December 2013 were part of this study. The major clinical
presentations at the time of admission were fever, headache,
neck stiffness, vomiting, and seizures. While 40 patients had
neck stiffness, 23 out of 70 patients had all three presentations
of neck stiffness, headache, and fever. Thirty-one patients had
at least one episode of seizure. Among them, three patients
had headache, fever, neck stiffness and vomiting, along with
seizure. Seven and eight patients had at least three and two
of the top five presentations, along with seizure, respectively.
Figure 1 shows the distribution of clinical presentations.

CSF cytology was performed at our laboratory. Table 1 provides
the details.

Routine laboratory diagnostic tests such as CSF culture,
acid-fast bacillus (AFB), and Gram staining were performed
for all patients (except for one patient with bilateral basifrontal
and left anterior temporal cortical encephalomalacia and on
the ventricular shunt where CSF culture was not performed).
However, diagnostic information for the causative agent
could not be ascertained by these tests. Except for three
patients where Gram staining was positive for nonspecific
pus cells, other diagnostic tests were negative. However, SES
was positive in 28 out of 70 cases (40%). Figure 2 provides
the details.

Out of 23 samples sent for ruling out an infection, 22 were
negative in SES. This gives a 95.6% clinical correlation with the
ruling out of cases. One was actually found to have Acinetobacter
baumannii. This patient had neck stiffness and fever for
10 days. He was treated with intravenous (IV) ceftriaxone
and recovered fully. However, out of 47 cases where SES
test was done to rule in an infection, 27 were positive. This
means that in cases of strong clinical suspicion of an infection,
SES demonstrated 57.4% clinical sensitivity, which is the
percentage of SES-positive cases where we clinically suspected
an infectious etiology. Similarly, in cases where we wanted
to confirm our clinical suspicion of a noninfectious etiology,
SES results were 95.6% specific, as mentioned above. Figure 3
provides the details.

In this study, we used three panels of SES for the purpose of
microbial diagnosis. The selection of panels was based on our
clinical suspicion and to rule in or rule out a suspected CNS
infection. The composition of each panel is provided in Table 2.

Panelwise detection rates of SES, based on the decision to
conduct the test to rule in or rule out, are provided in Table 3.

The rank order of organisms detected by SES is provided in
Figure 4.
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Figure 1: Distribution of clinical presentation at the time of
admission

Table 1: Routine CSF cytology
CSF cell count (/mm?) Protein (mg/dL) Sugar (mg/dL)

Done 69 68 68
Not done 1 2 2
Min 0 15 9
Max 20,000 3,700 132
Mean 1054.811 192.029 63.88
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Streptococcus pneumoniae and Pseudomonas aeruginosa were
found to be the most common bacterial pathogens, whereas
HSV remained the most common virus responsible for
CNS infections. Interestingly, we detected three cases of
Aspergillus and one case of Candida. In nine cases, we detected
polymicrobial infections (32.14% of SES-positives). Details of
these polymicrobial infections are illustrated in Figure 5.

In terms of clinical correlation, a majority of SES results
seemed to be in accordance with existing knowledge of
CNS infections although there are cases where new light
has been thrown, as is expected from a new technology. In
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Figure 2: Positivity of different diagnostic tests

Table 2: Composition of SES panels

eight HSV-positive cases (either HSV alone or HSV as a part
of polymicrobial infection), the average CSF cell count was
160 cells. However, there are two cases of HSV-positives
with no cells found in CSF cytology. Five patients presented
with at least one episode of seizure, whereas one patient had
neck stiffness. Five patients had fever, among whom two also
had vomiting. Out of the eight HSV cases, four patients had
neurological deficits. No deaths were reported in these eight
patients. Two HSV-positive patients were discharged against
medical advice, one among them a mixed infection of both
HSV and VZV. The patient had post Varicella Guillain-Barre
Syndrome.
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Figure 3: Concordance of SES results with ruling or ruling out
infection

Meningitis Meningoencephalitis Acute encephalitic syndrome
Leading bacteria Virus Virus

Streptococcus pneumoniae HSV 1 and 2 HSV 1 and 2

Mycobacterium tuberculosis Cytomegalovirus Cytomegalovirus

Haemophilus influenzae Varicella zoster virus Varicella zoster virus

Neisseria meningitidis HHV-6 HHV-6

Gram-positive bacteria
Staphylococcus aureus
Group B Streptococcus
Enterococcus species

Gram-negative bacteria
Klebsiella pneumoniae
Escherichia coli
Enterobacter aerogenes
Pseudomonas aeruginosa
Acinetobacter baumannii
Bacteroides fragilis
Leptospira

Fungi
Aspergillus species
Candida species
Cryptococcus neoformans

John Cunningham Virus
Leading bacteria

Streptococcus pneumoniae

Haemophilus influenzae

Neisseria meningitidis

Mycobacterium tuberculosis
Fungi

Cryptococcus neoformans
Parasite

Toxoplasma gondii

John Cunningham virus
Leading bacteria

Streptococcus pneumoniae

Haemophilus influenzae

Neisseria meningitidis

Mycobacterium tuberculosis
Fungi

Cryptococcus neoformans
Parasite

Toxoplasma gondii
RNA virus

Measles

Mumps

Nipah

Rubella

Rabies

Chandipura

Enteroviruses

Chikungunya

JEV

Dengue

West Nile
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Figure 4: Rank order of organisms detected by SES

Table 3: Panelwise detection rates of SES

Reason for SES Result SES SES SES
test meningitis meningoencephalitis AES
Ruling in infection Positive 1 8 z
ull ni |
& Negative 10 8 2
. . . Positive 1 0 0
Ruling out infection i
Negative 4 13 5
Total 32 29 9

In the four cases where we detected fungus (three cases of
Aspergillus and one case of Candida, either alone or as a part
of polymicrobial infection), the average CSF cell count was
296 cells. The patient in whom Candida and Pseudomonas
aeruginosa were detected did not survive.

In 17 cases where at least one bacterium was detected, either
alone or as a part of polymicrobial infection, the average
CSF cell count was 3,228 cells. Interestingly, in one case,
Acinetobacter baumannii was detected in spite of no cells being
found in CSF cytology. This is the same case that we have
already described wherein SES was positive for the “ruling
out” category. The patient improved after treatment with IV
ceftriaxone.

SES detected Mycobacterium tuberculosis in two cases. In the first
case, CSF cytology showed 83 cells, CT of the abdomen showed
mild ascites with high attenuation of mesentery, and MRI was
suggestive of inflammatory granuloma (tuberculoma). The
second case had 200 cells while MRI showed the presence of
tubercles in brain parenchyma. Both were negative on AFB
staining.

There were 40 patients who presented with neck stiffness
as at least one of the symptoms. Twenty-three among them
also had both fever and headache, along with neck stiffness.
In these 40 patients, there were eight cases where CSF
cytology did not show any cell. One among them turned
out to be Acinetobacter baumannii, as described above. For
the remaining 32 cases where cells were detected in CSF
cytology, the average CSF cell count was 2,152. Among
these 32 cases, 15 were found to be positive on SES, with an
average CSF cell count of 3,573, whereas 17 were negative
on SES with an average cell count of 899. Interestingly, in
2 of these 17 cases, there were 2 patients with cell counts
of 6,250 and 4,733, respectively, where infectious etiology
could not be ascertained. The patient with 6,250 cells in

HSV, vzv 1

VZV, HHV6 1

Klebsiella pneumoniae,
Streptococcus pneumoniae
Pseudomonas aeruginosa,

Candida sp
Bacteroides fragilis, |
Aspergillus sp 1

Pseudomonas aeruginosa, 1
Aspergillus sp
Streptococcus p"e“m"“iae’; 3
Pseudomonas aeruginosa | ‘ ‘ ‘

0 1 2 3
No. of Patients

Figure 5: Polymicrobial infection detected by SES

CSF had osteomyelitis in the left temporal bone and had a
temporal abscess. The MRI of the patient with 4,733 cells in
CSF was normal and the patient fully recovered. Barring
these 2 cases, the average CSF cell count in the remaining 15
SES-negative patients was 286.6. Among the 15 cases where
CSF cytology has shown the presence of cells and SES was
positive, at least one bacterial pathogen, either alone or as a
part of polymicrobial infection, was detected in 11 cases, with
an average cell count of 4,832. In the remaining four cases,
either a virus or Mycobacterium tuberculosis was detected with
an average cell count of 114.

In 21 patients, who accounted for 30% of the cases, SES results
elicited a change in the management from initial empiric
therapy. Importantly, 19 out these 21 cases were deescalations.
These deescalations included stopping of acyclovir in six
patients. Five of these six patients fully recovered while one
patient recovered partially. He had Streptococcus pneumoniae
meningitis. Ceftriaxone was stopped in 10 cases (both
acyclovir and ceftriaxone and vancomycin and ceftriaxone
were stopped in one case each) and vancomycin was stopped
in four cases, with all of them except one patient having full
recovery.

Overall, at the time of discharge 51 out of 70 patients recovered
completely from the episode for which they were admitted,
11 patients partially recovered from the episode, 3 of them
died while the other 5 patients were discharged against
medical advice. The details of SES detected microbial etiology
and corresponding cell cytology; the change in treatment
and outcome has been described in Table 4. After 3 months,
follow-up could be done for 56 patients; three among 51 fully
recovered patients and three among 11 partially recovered
patients were lost to follow-up. Out of these 56 patients,
6 showed signs of neurological deficit; 1 among 51 fully
recovered patients and 5 among 11 partially recovered
patients. Out of these six patients who had neurological
deficits, four had seizure as one of the presentations and all
four were HSV-positives. One patient with neurological deficit
had Streptococcus pneumoniae while the other patient was
negative on SES. However, this patient had a communicating
hydrocephalus with syndrome of inappropriate antidiuretic
hormone secretion, suggestive of tubercular meningitis with
sequelae. A subanalysis of patient outcomes with SES results
has been illustrated in Figure 6.
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Table 4: SES results and their corresponding cell cytology, change in treatment, and outcome

SES etiology CSF cytology Change in treatment Empirical Outcome
Pathogen detected No. of Cell count Predominant Change No. of clhni::tr:z d Fully Partially DAMA Death
cases (mean+SD) cell type cases recovered recovered
Positive HSV 7 180271 Lymphocytes Added 1 5 2 4 1 -
Acyclovir
Discontinued 1
Ceftriaxone
HSV +Vvzv 1 0 - - - 1 - - 1 -
Streptococcus pneumoniae 4 12377+7176 Neutrophils  Discontinued 2 - 3 1 - -
Acyclovir
Discontinued 2
Ceftriaxone
Streptococcus pneumoniae 3 593+204 Neutrophils  Added 1 2 3 - - -
+ Pseudomonas aeruginosa Ceftriaxone
Streptococcus pneumoniae 1 750 Neutrophils - - 1 1 - - -
+ Klebsiella pneumoniae
Pseudomonas aeruginosa 1 100 Lymphocytes - - 1 1 - - -
Pseudomonas aeruginosa + 1 150 Lymphocytes - - 1 - - - 1
Candida sp
Pseudomonas aeruginosa + 1 500 Neutrophils - - 1 1 - - -
Aspergillus sp
Aspergillus sp 1 333 Lymphocytes - - 1 1 - - -
Aspergillus sp + 1 200 Lymphocytes - - 1 1 - - -
Bacteroides fragilis
VZV + HHVé6 1 71 Lymphocytes Discontinued 1 - 1 - - -
Ceftriaxone
Acinetobacter baumannii 1 0 - - - 1 1 - - -
Chikungunya Virus 1 0 - - - 1 1 - - -
Staphylococcus aureas 1 1500 Neutrophils - - 1 - - 1 -
Group B Streptococcus 1 100 Lymphocytes - - 1 1 - - -
Mycobacterium 2 142+83  Lymphocytes Discontinued 1 1 2 - - -
tuberculosis Vancomycin
Total 28 9 19 19 5 3 1
Negatives - 394+1212 - Discontinued 3 - 3 - - -
Acyclovir
Discontinued 1 - 1 - - -
Antifungal
Discontinued 1 - 1 - - -
Acyclovir and
Ceftriaxone
Discontinued 4 - 4 - - -
Ceftriaxone
Discontinued 2 - 1 1 - -
Vancomycin
Discontinued 1 - - - - 1
Vancomycin
and Ceftriaxone
- - 30 22 5
Total 12 30 32 6 2 2

While the case where SES was positive for Candida and
Pseudomonas aeruginosa and the patient expired has been
mentioned above, the other two deaths in this study were in
the SES-negative category. One among them was diagnosed
with Creutzfeldt-Jakob disease (CJD) while the other patient
was diagnosed with autoimmune encephalitis.

Discussion

In a tertiary care center such as ours, classical textbook scenarios
of clinical presentations in CNS infections are a rarity. This
is primarily because of prior empirical antibiotic therapy. At
the time of admission, the presentations are often atypical,
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Figure 6: SES results and patient outcomes

thereby adding urgency as a dimension to the diagnostic
dilemma. Hence, there is a need for rapid, sensitive, and
specific microbial diagnostics which, coupled with cytological
and clinical parameters, can be relied upon in order to take
therapeutic decisions.

PCR-based diagnosis of viral etiology in CNS infections has
long been accepted as the gold standard. In this study, we
have used SES, a multiplex molecular diagnostic platform, to
diagnose microbial etiology in suspected CNS infections such
as meningitis, meningoencephalitis, and acute encephalitis.
In this study, SES test was performed for two diagnostic
objectives, either to confirm an infection or to rule out an
infection. The fact that only one of the 23 cases wherein
SES was performed to rule out an infection was positive
points to the specificity of the test. This helps us to explore
further for noninfectious etiologies causing the same CNS
manifestations. In fact, two out of three deaths in this
study occurred in this category, both due to noninfectious
CNS diseases such as CJD and autoimmune encephalitis.
In the category of confirming/ruling in an infection, SES
had a clinical sensitivity of 57.4%. This detection rate is far
higher than conventional techniques available, including
CSF culture, Gram staining, and latex agglutination tests,
considering that all our patients have been administered
antibiotics before being referred to us.? This helped us shift
to a targeted therapy from the initial empirical therapy within
24 h, leading to deescalations in 19 cases and escalation in
2 cases. Deescalation is of particular importance in a tertiary
care hospital such as ours where unnecessary antimicrobials
in the absence of microbial diagnosis lead to increased
morbidity, hospital stay, cost, and antibiotic resistance.
Among these 21 cases where SES results induced a change
in the therapy, 16 patients recovered fully. Four patients
had a partial recovery while one patient died. In these four
patients with partial recovery, antibiotics were stopped in
two patients positive for HSV; acyclovir was stopped for a
patient positive for Streptococcus pneumoniae while acyclovir
was started for a patient positive for HSV. Overall, SES had
a very profound impact on patient management.

In 42.6% of the cases where SES was negative in the category
of ruling in an infection, no death was reported. Only one case
had a neurological deficit at 3 months’ review. In other words,
SES did not miss any clinically significant infection.

In terms of the most common organisms detected by
SES, Streptococcus pneumoniae (28.5%) and Pseudomonas
aeruginosa (21.4%) were the top two bacterial species identified

among the positive cases. Previous studies conducted in
India have shown both these organisms in CNS infections.
HSV (32.14%) is the most common virus detected by SES. The
rank order of organisms detected by SES is in concordance
with previously reported organisms in India.®*% Although
multiplex PCR-based diagnostics have been used in CNS
infections before, they are mostly confined to the detection of
single or very limited families of viruses.!"*I SES, unlike other
multiplex systems available, detects a variety of organisms
such as viruses, bacteria, and fungi in a single assay. To the
best of our knowledge, ours is the first study in India to use a
validated multiplex diagnostic platform.

Polymicrobial infections have been reported in CNS, either
in the form of coinfection of viruses or multiple bacteria.?”*!
In our study, we had nine cases (32.14%) of polymicrobial
infections, which is slightly higher than the previous studies.
This is understandable as SES, unlike conventional techniques
used in previous studies, is a molecular diagnostic platform
with higher sensitivity. The detection of polymicrobials
helped in instituting appropriate therapy as in two cases, both
Gram-negative and Gram-positive organisms were found while
in three cases, a bacterium and a fungus was detected.

Currently, in a clinical setting where the epidemiology of a
syndrome such as AES or meningitis is known, multiplex PCR
is faster and more cost effective than newer developments such
as next generation sequencing (NGS). However, NGSis a great
tool to identify newer and emerging pathogens, which are
not described in a clinical setting yet. It is also a great tool for
academic projects researching into rare outbreaks of unknown
infectious etiology.

Although sensitive tests such as PCR may pose a challenge
in terms of specificity, we have been routinely using this
technology for the last few years and found SES to be in
correlation with clinical suspicion. SES technology is being
routinely used in other hospitals in India and has been shown
to increase the diagnostic yield as well as reduce the time
to antibiotic therapy modification including deescalation.*!
The technology has also been used to study the etiology of
community-acquired pneumonia among children in India.[*’!

Conclusion

In conclusion, in a tertiary care center such as ours, etiological
microbial diagnosis is indispensable for appropriate therapy
and desirable outcomes. Sensitive and accurate multiplex
molecular diagnostics play a critical role in not only identifying
the causative pathogen but also in helping clinicians to institute
appropriate therapy, reduce overuse of antimicrobials, and
ensure superior clinical outcomes.

The limitations of our study include the lack of randomization
or control since ours is a retrospective analysis. Limited sample
size and patients lost to discharge against medical advice as
well as to follow-up are the other drawbacks of this study.
However, a larger, prospective, multicenter, controlled study
would pave the way for better understanding of the clinical
utility of SES in the management of CNS infections.
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