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ARTICLE INFO ABSTRACT
Keywords: Background: Sepsis claims 1 in 5 lives annually as per global statistics. Sepsis incidence in recent
Sepsis studies represents at least 35 % of all ICU admissions and has a high mortality rate, especially in

Pan bacterial identification
Pan fungal identification
16s rRNA sequencing

the presence of co-existing morbidities. The challenge has been to accurately diagnose the
causative organism, considering factors such as possible polymicrobial infections, commensals
ITS sequencing and environmental contaminants. Legacy techniques such as culture, automated culture systems
Next generation sequencing or even newer species-specific PCR or film array these challenges difficult to overcome. The
Metagenomics Bactfast® and Fungifast® assays along with the integrated workflow is based on next generation
sequencing and have the ability to demarcate infecting pathogen from contamination and
commensal. The unique ability to pinpoint the exact pathogen, considering the commensal and
contamination in a variety of samples, with an extremely high sensitivity could lead it to be a tool
of diagnostic choice for non-resolving ICU sepsis due to its comprehensive coverage and speed.
The aim of this study was to evaluate the use of Bactfast® and Fungifast® as a last mile diagnostic
tool in a ICU setting.

Method: This study was carried out considering access to four intensive care units (ICU). Legacy
testing, mostly done on culture, was conducted at the various integrated microbiology facilities of
the hospitals where the ICUs were located, in Chennai, India. NABL accredited laboratory Micro
Genomics (India) Pvt Ltd, was established as the central processing facility for next generation
sequencing to run the Bactfast® and Fungifast® assay. Co-relation of results for 490 samples was
done retrospectively by a multi-disciplinary team of consultants which comprised of microbiol-
ogists, and infectious disease physicians.

Result: The diagnostic workflow established with the Bactfast® assay provided a sensitivity of
94.1 % and specificity of 86.6 %. Identification of pathogens in Bactfast® was better when
compared to the data published in 2017, as reflected by positive co-relation with clinical
confirmation. Although the Fungifast® specificity was high, at 99.4 %, only 12 samples were
positive on fungal culture out of 490 samples. Therefore, it was concluded a further study for
fungi based on multiple technologies with more true positive samples is required to evaluate the
test.
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Conclusion: Bactfast® can identify pathogens in a sample without any bias. Its introduction as
diagnostic modality in life threatening ICU sepsis could reduce mortality and morbidity. Although
the initial results of Fungifast® are encouraging a further research is required for more infor-
mation on test sensitivity.

1. Introduction

Diagnostic testing plays a crucial role for identification of pathogens especially in patients with sepsis in the ICU. Sepsis and septic
shock account for 35 % of all ICU admissions [1]. A number of conventional techniques are used to identify pathogens from clinical
samples, the most common being culture based tests, coupled with biochemical assays and followed by susceptibility testing if
applicable. However, the presence of commensals, environmental contamination, fastidious and competitive nature of microorgan-
isms, along with the inherent limitations of culture can lead to inconclusive results [2-4]. Delay in culture turnaround times com-
pounded with the above, calls for novel technologies to be implemented in pathogen detection [5].

Since the COVID epidemic clinical microbiology has seen an increase in the adoption of molecular diagnostics for pathogen
detection from a clinical sample [6]. However, molecular diagnostic methods such as PCR and film array have limitations because of
their inherent inability to cover a wide variety of organisms, hence making it unsuitable for use as an agnostic diagnostic test. An
agnostic diagnostic is especially important in an ICU setting where speed and accuracy are important for treatment.

1.1. Metagenomics via next generation sequencing

Molecular diagnostic techniques using a universal broad range PCR, targeting 16S and ITS regions, can be used to identify bacteria
and fungi respectively [7-9]. In a study published in 2017, Abayasekara et al. described the development and testing of a diagnostic
test, which is now trademarked as Bactfast® and Fungifast®. These assays use customized primers to amplify partial 16s rRNA and ITS
regions from bacteria and fungi, and allow multiplexing of multiple samples on a single sequencing run [10]. The sequenced data is
analyzed using a proprietary bioinformatics pipeline to identify the pathogenic organisms while filtering out commensal and
contaminant information within the sample. These assays are processed direct from sample and are applicable to a wide variety,
including tissue. This study further validates Bactfast® & Fungifast® assays for clinical application, across multiple sample types,
specifically within an ICU setting.

2. Methods
2.1. Study design

This was a real time prospective study, including four hospitals from Chennai India; Apollo hospitals Greams road, Apollo first med,
Apollo multispeciality Vanagaram and Apollo hospitals OMR.

The study period was from January 2018 to December 2019. Specimens were taken from clinical sites including blood, body fluids
from sterile sites (including CSF, joint fluid, pleural fluid, pericardial, peritoneal fluid, intraabdominal collections), pus (by needle
aspiration) and tissues obtained intraoperatively (including sterile biopsy, bone, heart valves etc). The samples were subjected to
conventional culture for bacteria and fungi at the hospital’s mentioned and their self-contained microbiology facilities. In parallel each
sample was processed for Bactfast® & Fungifast® at the Micro Genomics India Pvt Ltd facility. The results were obtained in 36 h and
submitted to the clinical panel for comparison retrospectively.

2.2. Sample collection

For blood samples alone, informed consent was obtained from patients for inclusion in to the study. 2 ml of blood was collected into
EDTA vials subsequent to 10 ml collection for blood cultures.

2.3. Sample collection from sterile sites

Clinical samples from ICU wards were collected under aseptic conditions and transported to Department of Microbiology of the
relevant hospital. Upon receipt, minimum of 1 ml for fluid samples and a minimum of 25 mg of tissue samples were aliquoted (inside a
biosafety cabinet), sealed and transported in a sample carrier at 4 °C to Micro Genomics laboratory for processing. The remaining
sample was taken for conventional culture testing.

2.4. Conventional culture based testing

Conventional testing included microscopy, bacterial or fungal cultures, identification by MALDI-TOF, (VITEK-MS, Biomerieux),
VITEK-2 compact (Biomerieux), conventional biochemical reactions or fungal morphology as applicable.
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3. NGS testing
3.1. DNA extraction

All samples were taken for DNA extraction using Bactfast®/Fungifast® custom extraction protocols using the QIAmp DNA mini kit
(Qiagen). Protocol for DNA extraction is available in Additional File 1.

3.2. Library preparation

The extracted bacterial/fungal DNA was subjected to PCR using the Bactfast® and Fungifast® protocols, according to the manu-
facturer’s instructions [10]. The amplified products were visualized on a 1 % agarose (SeaKem LE Agarose) and purified using 1X
NucleoMag®(Machery-Nagel).

3.3. Template preparation and sequencing

All the samples were sequenced on the Ion Torrent S5 XL system, using the OneTouch2 template preparation protocol. The samples
were pooled in batches of either 20 or 60 for the 520 or 530 chip respectively, and sequenced according to manufacturer’s instructions
for 400bp sequencing.

3.4. Contamination depletion in analysis

A negative extraction control (EC) at DNA extraction step & NTC at PCR amplification was run for each batch. In case of
contamination in the EC and NTC, these controls were sequenced and the contaminants were depleted from the sample output where
resampling was not possible. In cases where sufficient sample was remaining, the workflow was repeated.

3.5. Bioinformatics analysis

Unaligned Binary alignment map (UBAM-) with reads that had > Q20 score, were taken for analysis and trimmed to remove
adaptor sequences. Quality control parameters (Phred Quality Score cut off and minimum read length) for all the sequenced data were
checked. The average number of reads per sample ranged from 75,000 to 100,000.

Two pipelines were used in parallel to check for reproducible outputs based on the sequence data. For the primary pipeline,
alignment was conducted using a MegaBLAST (blast - 2.5.0) tool from NCBI and a modified MySQL database application used to
identify known accession numbers with taxonomic representation based on Refseq sequences for 16S rRNA & ITS regions. The sec-
ondary pipeline was linked to similar accession data from Refseq using the kraken2 algorithm. Reproducibility was compared on both
algorithms for consistency.

3.6. Determining environmental bacteria and fungi diversity representation

To increase the accuracy of pathogen identification, a baseline environmental sampling was performed prior to study initiation.
Swabs from beds, tables, floors, walls and stands were taken in sterile 1X PBS (Phosphate buffer saline) from all the ICU wards of the
participating hospitals to monitor possible environmental contamination during the sample collection. Based on the incidence of the
microbial flora at each ICU, a total of 6 baseline filter files were built. The environmental organisms were grouped based on operational
taxonomic units (OTU) using a closed reference method [11]. These files were trained and integrated into the pipeline to filter
contamination if applicable and increase sensitivity to pathogenic organisms from the final output. The environmental baseline filter
files are available as Additional file 2-13.

3.7. Identification of pathogen based on threshold representation

On identification of the various species, the pathogen is established through an algorithm at threshold, and commensal or
contamination demarcated according to the site of sample collection based on machine learning. The machine learning algorithm was
trained using over 1200 clinical samples over a period of 3 years (unpublished data). Threshold representation (i.e. expected normal
relative abundance of taxa) for each sample type and site of collection, is based on average representation across all trained samples.

For all samples, following classification in diversity representation, pathogen presence with respect to contributing species had a
cross sample average of 10 % on aggregated data sets. Hence the threshold for the identification of a species that is pathogenic was
established as 10 % on the pipeline. In cases where only commensals and/or contaminants are found, the samples are deemed as
negative or clinically insignificant.

3.8. Clinical categorization of results

Results from NGS and culture were scrutinized by a panel of clinicians. The panel comprised of infectious disease specialists,
physicians, and medical microbiologists. In cases where NGS and culture results were mismatched, a collective decision on results was
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made based on the clinical history, site of infection and the symptoms, along with post treatment resolution.

Culture positive NGS positive (CPNP): Culture positive samples with the same pathogen identified by NGS, with or without
additional species.

Culture positive NGS alternative flora (CPNA); Culture positive samples with different pathogens identified via NGS

Culture positive NGS negative (CPNN): Culture positive samples which were negative by NGS were categorized as CPNN

Culture negative NGS negative (CNNN): Samples with both culture and PCR results negative

Culture negative but clinically compatible (CNCC): Culture negative samples but NGS positive with clinically compatible results

Culture negative but clinically incompatible (CNCI): Culture negative samples but NGS positive with clinically incompatible
results

3.9. Evaluation of clinical compatibility/incompatibility

When the culture results differed from the reported pathogen in NGS results, categorization was made based on clinical history,
epidemiology and ancillary investigations. When the culture was negative but NGS identified pathogenic organisms, observation of the
patient was initiated for 2-3 days (mean 2.5 days) to evaluate the patient response and assess whether the pathogen detected in NGS
was clinically compatible.

4. Results

A total of 490 samples were received for microbial culture (bacteria or fungi) and Bactfast® /Fungifast® during the study period.
Breakdown of samples tested in this study is described in Table 1. Additional file 14 contains the detailed culture and NGS results for
the 490 samples.

Samples were considered positive for bacteria or fungi if they showed bands >400bp and >200 bp respectively and were designated
as PCR positive. The number of sample designated in each category for Bactfast® and Fungifast® results were shown in Table 2.

4.1. Bactfast® concordance results

A total of 16 samples from the 111 PCR positive were reported as mixed infections from bacterial culture which was also reflected in
the Bactfast® results. Additionally, anerobic organisms (Bacteriodes spp) were detected by NGS in 6 samples along with the pathogen
reported in the bacterial culture. These samples were designated as CPNP.

Bactfast® was positive for 50/372 bacterial culture negative samples. Out of 50, 47 samples were found to be correlating with the
clinical history by the panel of clinicians based on the criteria mentioned above and were designated as CNCC.

4.2. Bactfast® discordance results

7/118 samples showed different organisms on Bactfast® analysis versus bacterial culture results and were designated as CPNA
under discordance. 3 Bactfast® positive in the culture negative samples were incompatible with clinical findings and categorized as
CNCIL

4.3. Fungifast® concordance results

A total of 7/12 fungal culture positives were positive for Fungifast® PCR with the same organism reported in fungal culture results.
All these samples were categorized as CPNP. A total of 475/478 fungal culture negative samples were negative on Fungifast®. These
samples were included in CNNN category. Fungifast® was positive for 3/478 fungal culture negative samples. Of these, 2 samples were
determined to be correlating clinically (CNCC).

4.4. Fungifast® discordance results

A total of 5/12 fungal culture positive samples were negative on Fungifast® PCR and were designated as CPNN. One culture
negative sample was positive in Fungifast® but was found to be clinically incompatible (CNCI).

Table 1

Types and number of clinical specimens analyzed.
Specimen type No of specimens
Blood 183(37.4 %)
Body fluid 204(41.6 %)
Tissue 91(18.6 %)
Pus 12(2.4 %)
Total 490
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Table 2
Total number of samples designated under each category according to comparison of NGS results with culture and clinical co-relation.

Concordant Bactfast® and Fungifast® NGS results

Culture results Catogories Bactfast® Fungifast®
Culture positive Culture Positive NGS Positive (CPNP) 111 7
Culture negative Culture Positive NGS Negative (CNNN) 322 475

Discordant Bactfast® and Fungifast® NGS results

Culture results Catogories Bactfast® Fungifast®
Culture positive Culture Positive NGS alternative flora (CPNA) 7 0

Culture Positive NGS Negative (CPNN) 0 5
Culture negative Culture Negative Clinically Compatible (CNCC) 47 2

Culture Negative Clinically Incompatible (CNCI) 3 1

4.4.1. Analysis of NGS and culture results

Culture positive and culture negative samples designated as concordant and discordant are tabulated based on the sample type in
Table 3. As shown in Table 3 Bactfast® results, 98.9 % of the tissue samples and all the pus samples were concordant with culture
results. However, only 89.1 % of the blood samples, 82.4 % of the body fluids were concordant when compared with culture. From the
discordant results 7.1 % of blood samples, 16.2 % of body fluid and 1.1 % of tissue results were considered clinically compatible, giving
a total of 96.2.% of blood samples, 100 % of tissue samples and 98.6 % of body fluid as concordant

4.4.2. Specificity and sensitivity for Bactfast® and Fungifast®

The large sample size used in this study, is sufficient to provide statistically significant results on specificity and sensitivity of
Bactfast® in sterile clinical samples. However, while there is a large sample size for fungal negative samples, only 12 fungal positive
culture samples were detected. The specificity and sensitivity were calculated using the formulas as described below and the sample
numbers were shown in Fig. 1:

Sensitivity = True Positive/(True Positive + False Negative).

Specificity = True Negative/(True Negative + False Positive).

This study demonstrated that Bactfast® has a sensitivity of 94.1 % and specificity of 86.6 % However, when considering clinical
compatibility the sensitivity and specificity goes up to 95.8 % and 99.8 % respectively.

While specificity of Fungifast® is 99.4 %, there were too few fungal true positive samples to conclusively assess Fungifast®
sensitivity.

5. Discussion
Due to the limited sensitivity and narrow spectrum of coverage of conventional molecular techniques such as species specific PCR,

most ICUs do not implement these assays in routine investigations and instead rely on conventional culture based diagnostic testing.
However, there are drawbacks to relying solely on this test, specifically where unusual or slow growing microbes are present [12].

Table 3
Sample wise breakdown of culture positive, culture negative, concordance and discordant results from Bactfast® and Fungifast®.

Bactfast®results

Bacterial Culture positive Bacterial Culture negative

Concordance Discordance Concordance Discordance

CPNP CPNA CNNN CNCC CNCI
Blood 20 5 144 13 2
Body fluid 39 2 129 33 1
Tissue 45 - 44 1 -
Pus 7 - 5 - -
Total 111 7 322 47 3
Fungifast® results

Fungal culture positive Fungal culture negative

Concordance Discordance Concordance Discordance

CPNP CPNN CNNN CNCC CNCI
Blood 2 4 178 -
Body fluid 3 1 197 2 1
Tissue 2 - 88 - -
Pus - — 12 — _
Total 7 5 475 2 1
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Culture Culture

Positive [Negative Posttive | Negative
Bactfast® [Posttve  [111(TP) [S0(FP)  [Bactfast®|Positive |158(TP) |3(FP)
Negatve [7(EN) [322(TN) Negative |7(EN) [322(IN)
Without clinical correlation Clinical correlation
Sensitivity 94.10% Sensitivity 95.80%
Spectficity 86.60% Specticity 99.10%

Fig. 1. Sensitivity and specificity for Bactfast®

As demonstrated previously, clinical metagenomics is a promising field for application in clinical diagnostics [10]. However, as a
relatively new field, it has to be assessed in conjunction with conventional and wide-spread techniques currently in use. While targeted
molecular diagnostic testing for infectious pathogens is more wide spread; when negative, the physician will subsequently proceed
through a list of different tests to pinpoint the correct diagnosis. Therefore, a universal test for the diagnosis of infectious organisms is
more useful in a clinical setting because it eliminates the guess work from the diagnostic process.

In the previous study [10], it was clear that more species were detected in the Bactfast® work flow vs culture. However, it also
demonstrated that clinical history is required for better assessment of the sensitivity and specificity of the tests. Therefore, clinical
co-relation was introduced as part of this study to provide better resolution on clinical application.

Unlike conventional 16S or ITS1 metagenomics, Bactfast® and Fungifast® are specifically designed for identification of pathogens
and allows depletion of environmental flora, and lab contaminants from final analysis output.

5.1. Diversity representation for pathogen identification and depletion of commensals/contaminants

The bioinformatics analysis used to deliver the results of this study is unique in its ability to define pathogens as well as commensals
and deplete environmental contaminants. For each analysis, depending on the sample and site, the pipeline would run an algorithm to
consider the diversity representation along with threshold representation.

Alpha diversity that is seen within the sample would show a higher richness of speciation in non-sterile vs sterile samples. In a
sterile sample, alpha diversity would show less species diversity and when trained against closed reference OTUs, there is a clear
difference versus OTUs representing contamination or commensals.

In a non-sterile sample, the pipeline will consider beta diversity based on similar samples that have been used previously to train the
machine learning algorithm. The algorithm is able to demarcate the species across the sample and eliminate commensal information.
The proprietary algorithm would aggregate the information across the sample and the closed reference OTUs, and bucket the sample as
contaminated or not.

Pathogen identification in sterile samples is fairly straightforward as the presence of any species not seen in the trained data set (as
normal flora) or not matching the environmental baseline would be flagged as pathogen. On average pathogenic species will be present
in very high abundance in sterile samples making pathogen identification relatively easy.

For non-sterile samples following classification in diversity representation, the pathogen would be identified with respect to the
contributing species, at threshold representation. Pathogens in non-sterile samples have a cross sample average of 10 % in all trained
data sets based on the output of over 1200 clinical samples. Therefore, the threshold for identification of a species that is pathogenic
was established as 10 % on the pipeline. This also applies in cases of polymicrobial infection, where more than one species is identified
as the pathogen. In such cases the information can be passed to a clinician for final review and co-relation of clinical symptoms for
infection.

This also has an impact when considering competition from contaminants (introduced during sample collection) in samples that are
difficult to collect such as CSF. This algorithm would ensure that commensal or colonizers for that site were accounted for and con-
taminants could also be removed where applicable.

5.2. Breakdown of Bactfast® & Fungifast® vs. culture results

An overall analysis of the results from NGS and culture, revealed that all bacterial culture positive samples were also Bactfast®
positive, though this trend was not observed with fungal culture.
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6. Culture positive results comparison
6.1. Bactfast®

The Bactfast® workflow detected bacterial DNA and successfully detected mixed infection which was corroborated by culture
results. Additionally, anaerobic organisms were detected where the culture failed, increasing the accuracy of this test, when compared
with bacterial culture. Furthermore, in 3 (MG/RID/249, MG/RID/261, MG/RID/264) tissue samples and 2 (MG/RID/387, MG/RID/
415) body fluid samples, Streptococcus spp were detected along with the pathogen detected in culture sample, indicating the possibility
of co-infection with these species. Bactfast® results showed the presence of M. tuberculosis in 2 (MG/RID/58 and MG/RID 281) samples
which matched with the culture results. This demonstrates that Bactfast® can cover anaerobic and polymicrobial infections as well as
slow growing and fastidious organisms within 36 h. However the viability of anerobic organisms identified cannot be assessed
particularly considering that they were not grown in culture.

As shown in Table 4, a small number of bacterial culture positive samples (5.9 %) showed conflicting results with Bactfast®
analysis. In sample MG/RID/289, skin flora (S. epidermidis & Cutibacterium acnes) was detected, which may have been introduced to the
sample during collection and may have resulted in the actual pathogen being masked from detection. This is demonstrated in sample
MG/RID/324 (pleural fluid), where E. coli (as detected in culture) was found in a very low abundance in Bacfast® result. In these cases,
the requirement for stringent sample collection parameters is demonstrated. As skin flora or commensals are not typically expected in
these samples and the algorithm is unable to deplete the contaminants to successfully identify the pathogen.

In the remaining five samples, different species are reported in culture vs Bactfast®. Acinetobacter spp from 1 sample and
Enterobacter spp from 2 samples from culture vs Stenotrophomonas maltophila identified by Bactfast®, This pattern was observed in
another two discordant samples, indicating there could be possibility of mis-identification in Bacfast® or culture. However, re-
sampling was not possible in these cases due to time constraints and the pathogen could not be conclusively identified. Therefore
these were designated as discordant results. The discordant results were observed only in blood and body fluid sample types, whereas
Bactfast® has shown a high concordance in tissue and pus samples.

As both blood and body fluid samples generally require piercing the skin barrier, the discordant Bactfast® results show how critical
sample collection parameters are to maintain the accuracy of the result, specially in cases of sterile samples.

6.2. Fungifast®

Table 5 shows the detailed breakdown on Fungifast® results for the conflicting samples. Positive sample co-relation was less
straightforward in Fungifast®. While 58 % of the fungal culture positive samples were detected on Fungifast®, the rest were negative
(5/12). Of the 5 fungal culture positives, 3 were positive for Bactfast® but negative for Fungifast®. As the DNA extraction protocol for
Fungifast® does not specifically exclude the elution of bacterial DNA simultaneously, it is possible that a high bacterial DNA load
would have affected the yield of fungal DNA and thereby lead to insufficient amplification.

4 of the fungal culture positive samples that were negative in Fungifast®, were blood samples which may be a result of the low
input volume for Fungifast® workflow (1 ml) vs culture (5-10 ml). Further testing with increased input volume might help improve
Fungifast® sensitivity. The small number of fungal culture positives (12/490) makes it difficult to conclude the statistical significance
of discordant results.

Table 4
Detailed breakdown of Bactfast® discordant results vs culture Positive and negative samples.

Bacterial Culture Positive vs Bactfast® discordant results

CPNA(Culture Positive NGS Alternative flora)

SRN Sample ID Sample NGS result Culture results
1 MG/RID/289 Blood S. hemolyticus, E. cloacae
C. acnes
2 MG/RID/290 Blood S. maltophila Acinetobacter spp
3 MG/RID/319 Blood E. anophelis, Enterobacter spp
S. maltophila
4 MG/RID/320 Blood S. maltophilia Enterobacter spp
5 MG/RID/324 Pleural fluid P. melaninogenica, E. coli
S. pneumoniae,
E.coli
6 MG/RID/349 Blood P. putida B. cepacia
7 MG/RID/491 Pleural fluid Acinetobacter spp E. faecalis

Culture negative Bactfast® discordant results - CNCI

SRN Sample ID Sample Type Bactfast Results Culture Results
1 MG/RID/317 Blood Clostridium sp Negative
2 MG/RID/365 Blood P. aeruginosa Negative
3 MG/RID/382 Peritoneal fluid A. baumanii. Negative

E. anopheles
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Table 5
Detailed breakdown of Fungifast® discordant results vs culture Positive and negative results.

Fungal Culture positive Fungifast® discordant results

CPNN (Culture Positive NGS Negative)

S no Sample ID Sample NGS Culture results
1 MG/RID/317 Blood Clostridium spp C.auris
2 MG/RID/318 Blood Negative C. auris
3 MG/RID/382 Peritoneal fluid A. baumanii, S. cerevicae
E. anopheles
4 MG/RID/364 Blood Negative Candida spp
5 MG/RID/365 Blood P. aeruginosa Candida spp

Culture negative Fungifast® discordant results — CNCI(Culture negative clinically incompatible)

1 MG/RID/500 CSF Candida spp. No growth

6.3. Culture negative results comparison

It is well established that PCR is more sensitive than culture [13,14]. As Bactfast® and Fungifast® are PCR based tests they are more
likely to detect pathogens in culture negative samples.

From the total culture negative sample pool (n = 372), 50 Bactfast® samples were positive. Furthermore, clinical evaluation of
these samples led to the clinical compatibility of NGS results established in 47/50. For example, in MG/RID/374 M. tuberculosis was
detected, in Bactfast® workflow, whereas culture was negative but the same sample was positive on gene xpert. In MG/RID/372
Bactfast® detected K. pneumoniae and although the culture report was negative the patient had been previously diagnosed with
K. pneumoniae.

3/50 Bactfast® results could not be correlated with clinical symptoms. The contamination control parameters explained above
were applied to determine whether these results were due to contaminants. However, the results were not reflecting the environmental
microbial profile and therefore were ruled out as environmental contaminants. As this discrepancy could not be resolved, these
samples were considered discordant.

3 culture negative samples were positive for Fungifast®. Of these, 2 Fungifast® results correlated with the clinical symptoms which
allowed the consideration of the Fungifast® results as clinically compatible. However, one Fungifast® result of a CSF sample was
discordant as clinical co-relation and environmental baseline could not sufficiently explain the Fungifast® results.

6.4. Limitations of the tests

The findings in the discordant results shows that the presence of commensals in the sample skews the results even when a diversity
representation threshold has been drawn. A limitation of these tests is that every sample generates a fixed amount of data in order to
meet the turn around time and ensure that the test is cost effective. The introduction of environmental microbial contaminants can
skew the results by competing for resources during amplification and sequencing, which is then reflected in the data output. Therefore,
stringent sample collection methods need to be followed.

Additionally for the optimal application of Bactfast® or Fungifast®, clinical history containing site of collection and sample type
would help delineate commensal contribution against a pathogen. As the system is trained on existing data, emerging pathogens such
as noscomial infections or organisms that have been newly discovered would be a challenge for the algorithm and clinician input will
be required. Another limitation would be in cases such as intestinal dysbiosis where diversity patterns change in disease or treatment
and therefore determining the pathogen would require clinical intervention.

Furthermore, Bactfast® or Fungifast® assays are unable to identify the viability of the detected organisms. Molecular based
techniques are typically unable to distinguish between live and dead organsims and as such must be prescribed with these limitations
in mind. Finally Bactfast® or Fungifast® workflows rely on agarose gel electrophersis which can add to time and labour. This can be
reduced by adapting more advanced techniques in library preparation however, these methods are likely to increase the cost of the test.

6.5. Limitations of the study

As culture is the standard application used for pathogen identification in the various healthcare units, this study only evaluates
Bactfast® or Fungifast® tests against culture. Further confirmation with another form of testing (such as PCR or film array) would have
allowed objective resolution of discordant samples but this was outside the scope of this study.

Second, considering next generation sequencing to be a highly sensitive testing method, ideally ad hoc sequencing of the same
sample at another laboratory would have reinforced the workflow established. The main challenge here was to train and establish the
assays at another site during the study period, as they are relatively new to the market. However, Micro Genomics India Pvt Ltd, where
the NGS processing was carried out, has positive and negative pressure rooms to operate Pre and Post PCR workflows, regular
decontamination procedures and intensive training in handling clinical metagenomics which reduced the risk of errors in the output.

Next the inability to re-run discordant samples for conclusive resolution either due to lack of volume, or inability to recollect a
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sample due to patient movement or discharges, resulted in continued ambiguity. This is particularly evident in the few discordant
results from Bactfast®.

Finally, clinical confirmation was retrospective (i.e. after patient response and treatment had been observed) which in cases of
discordance especially relating to multiple etiologies meant that the clinical team could not draw on a universally accepted conclusion.

6.6. Comparison with other infectious disease diagnostic tests

Ever since the pandemic, infectious disease diagnostics has looked for comprehensive multi-pathogen identification for quick and
accurate identification. PCR was popularized during the pandemic, followed by the introduction of syndromic panels on film array.
However, neither technology has not been able to provide comprehensive coverage as a true agnostic test. Targeted amplification
followed by metagenomic next generation sequencing has been used to evaluate abundances of microorganisms in multiple settings
apart from healthcare [15,16]. However, Bactfast® and Fungifast® have established an agnostic test which can identify a pathogen in
any sample while demarcating contaminants, and commensals in the same test. Further research on comparison of Bactfast® and
Fungifast® vs other pan-infectious tests would establish a series of comprehensive use cases and scenarios where this technology can be
applied.

7. Conclusion

Utilization of Bactfast® in an ICU setting has shown advantages of NGS based pathogen identification in sepsis. A comprehensive
clinical history with site and sample information is important for establishing possible commensal, and contaminant competition.
Bactfast® results can be generated within 36 h, and provides data on the full spectrum of microbial species within a sample including
anaerobic, and slow growing organisms. This is especially important in cases where culture, and other testing methods may have
limited sensitivity or provide ambiguous results as Bactfast® will still provide information on pathogen by taking advantage of
comprehensive machine learning in demarcating commensal and contaminant data. This test can be performed directly on a clinical
sample and has no limitations on sample type.

Fungifast® could not be comprehensively assessed on its full clinical diagnostic potential. As only 12 fungal culture positive
samples were identified from the entire 490 study cohort, any conclusions on sensitivity cannot be considered statistically significant.
Therefore, further research with true positive samples will be required to establish Fungifast®.
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