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Abstract: Background: Over the past decade, with the development and refinement of third - generation sequencing technologies such
as Nanopore Sequencing, Whole genome Sequencing (WGS) has become accessible to smaller institutes worldwide. The recent COVID
- 19 Pandemic caused by the SARS - CoV - 2 virus has demonstrated the importance of Genome sequencing in observing the acquisition
of new viral mutations, proving vital in monitoring the evolution of new variants of concerns and their spread within the population.
Method: The study retrospectively analyzed the sequenced data of 508 samples obtained after nanopore sequencing from January 2023
to July 2023 of samples with cycle threshold <30. Results: It had shown that there was a surge of COVID - 19 cases observed during
March, April and May, which correlated with recombinant variants of SARS - CoV 2 in positive samples for the state of Goa belonging
to the XBB 1.16 lineage. Conclusion: This study highlighted the challenges of performing such an analysis in a resource - limited

environment and artefacts associated with using Midnight Primers.
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1. Introduction

The Coronavirus Disease 2019 (COVID - 19) is a
respiratory disease caused by severe acute respiratory
syndrome coronavirus 2 (SARS - CoV - 2), a member of the
Coronavirus group of viruses. The highly contagious virus
was first identified in Wuhan in 2019 and swiftly triggered a
global outbreak, prompting the World Health Organization
(WHO) to declare a Pandemic (Y- This significantly strained
and pressured public healthcare systems and profoundly
impacted the global economy (?- Due to the prioritisation of
healthcare towards the fight against COVID - 19, there was
a significant disruption in the treatment of other conditions,
leading to a substantial backlog of patients in healthcare
systems around the world (%4

The strategies involved in combating the COVID - 19
Pandemic demonstrated the importance of genome
sequencing in tracking viral mutations, proving vital in
monitoring the evolution of new variants of concerns and
their spread within the population & &7 8- The development
of new variants, more infectious than the original L strain,
led to a drastic surge in case numbers. This was seen in
April 2022 when there was a surge in Covid case numbers
and mortality rates driven by the spread of Lineage B.1.617,
of which the Delta subvariant was responsible for a large

number of cases in India leading to the Second wave of
Covid infections (¥ This led to a considerable strain on the
healthcare system, including a shortage of medical oxygen,
hospital beds, and other items essential to treating COVID -
19 patients (*9- Similarly, B.1.1.529 omicron variants (‘)
also increased cases worldwide and in India and soon
became the dominant strain, replacing the Delta variant (*?
Sequencing data regarding the flow of these variants of
concern is vital to track the spread of the virus and variants
and to instruct public policy to direct healthcare (*3

In tandem with the COVID - 19 pandemic, sequencing
technologies have become much more widely adopted in the
global fight against COVID - 19, making it more accessible
to smaller institutions worldwide. Third - generation
sequencers, including those developed by Oxford Nanopore
Technology (ONT), were widely adopted for quick, high -
throughput, real - time COVID diagnosis and as a platform
for variant analysis ®- Although Second or Next generation
Short - read sequencing technologies, such as Illumina
MiSeq, represent the current standard for accurate sequence
detection in pathogen genomics with a higher accuracy rate
at the single nucleotide level; however, third - generation
sequencers like the ONT Minlon have been widely adopted
in the clinical setting due to their portability, ease of Setup,
and relatively faster results which can be analyzed in real -
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time allowing for quick, high - throughput sample diagnosis
and variant monitoring in the population (** 1

Goa, a popular tourist destination on the Konkan coast of
India, faces a heightened risk of infectious diseases, such as
COVID - 19, due to a constant influx of international and
domestic tourists (**- From March to May 2023, a surge in
COVID - 19 - positive cases was observed in India and has
been widely attributed to the evolution and spread of the
XBB 1.16 subvariant of SARS - CoV - 2 in India (*"* In
May 2023, XBB 1.16 was deemed a variant of interest by
the WHO (‘8

In Goa, there was a sudden surge of covid positive patients.
However, a thorough analysis of the different variants in the
Goan population is lacking, causing a gap in information
regarding the regional COVID - 19 landscape.

Aims and Objectives

1) Retrospective analysis of sequenced data to establish a
pipeline to generate reads with high quality scores and
genomic coverage in - order to monitor the variants.

2) To detect the presence of new recombinant variants and
check the correlation with increase in cases.

3) Identify the limitations of long read sequencing data for
COVID - 19 analysis.

2. Materials and Methods

This is a retrospective cohort study carried outat the North
District Hospital Molecular and Microbiology Laboratory,
Mapusa Goa from the months of January 2023 to July 2023
after the permission of institutional ethics committee.508
SARS - CoV - 2 positive samples with a qPCR CT value
less than 30 and 10x genomic coverage more than 85% on
sequencing were considered for the study using nanopore
sequencing with Oxford Nanopore Technologies (ONT)
MinlON mk1B. Sequences with a Phred quality score below
8 and sequences with a 10x genomic coverage less than 85%
on sequencing were excluded from the study.

Sample Collection and Processing

Nasopharyngeal and oropharyngeal swabs were collected
from patients suspected to be infected with the SARS - CoV
- 2 virus in Goa. Samples were collected and stored in viral
transport medium and delivered to the Microbiology and
Molecular biology laboratory at North District Hospital
Mapusa Goa. These included samples directly collected at
the hospital or received for sequencing from other ICMR -
approved testing facilities all over Goa. Samples were
checked to ensure they met all the acceptance criteria and
labeled. Viral RNA was extracted using a Roche Magnapure
24 fully automated extraction machine using the
manufacturer's pathogen 3.2.1 protocol (Roche, 2022).

gRT - PCR

gRT - PCR runs were performed using Applied Biosystems
Quantstudio 5 (Thermo Fisher, Waltham, MA, USA)
instrument using ICMR - NIV SARS - CoV - 2 detection kit
using positive and negative controls, targeting E (envelope)
gene, RdRp (RNA dependent RNA polymerase) gene, and
Orfla gene. The steps followed were the same as the kit

protocol. Samples with a Cycle threshold (Ct) up to 30 were
selected for sequencing.

Library Preparation and Sequencing with MinlON
Mk1B

(A) Arctic Protocol

A shorter, adapted version of the SARS - CoV - 2
sequencing protocol (nCoV 2019 sequencing protocol v3
(LoCost) V.3) developed and adapted by the ARTIC
Network (htps: //articnetwork /) using the reagent from New
England BioLabs (NEB, Ipswich, MA, USA) and Oxford
Nanopore Technology (ONT, Oxford, UK) was utilized.

Each sequencing was performed using the Ligation
Sequencing Kit 109 (SQK - LSK109, ONT, Oxford, UK).
For cDNA synthesis, 2 uL of LunaScript RT SuperMix
(M3010, NEB, Ipswich, MA., USA) was mixed with 8 uL of
viral RNA, incubated 2 min at 25 °C, 10 min at 55 °C, and 1
min at 95 °C for enzyme inactivation, then held at 4 °C.

The overlapping amplicons were generated ( - 400 bp) by
mixing 12.5 uL of Hot Start High Fidelity Master Mix
(M0494, NEB, Ipswich, MA, USA), 3.7 uL of primer pool
V3 (ARTIC nCoV - 2019 V3 Panel and ARTIC nCoV -
2019 V4 Panel, IDT, Coralville, 1A, USA), 3.8 uL of
nuclease - free water (NFW, NEB, Ipswich, MA, USA), and
5 uL of cDNA. Two separate reactions were performed for
each sample using the two primer pools. The cycling
program was the following: initial denaturation: 30 s at 98
°C, followed by annealing: 15 s at 98 °C, Denaturing at 5
min at 65 °C for 28 cycles and a final holding step at 4 C.

Samples were then pooled together and washed by first
adding equal amounts of Ampure XP beads and incubating
at room temperature for 10 minutes on a hula mixer, the
beads were pelleted using a magnetic stand until the eluate
was clear and colorless, supernatant was pipetted and
discarded. The pellet was washed with 200 ul of freshly
prepared 80% ethanol. After pipetting the ethanol, the pellet
was left to dry for 30 seconds. The pellet was resuspended in
15ul of nuclease - free water and kept at room temperature
for 2 minutes. The tube was kept on the magnetic stand until
the eluate was colorless.15 ul of the eluate containing the
DNA library was collected and stored.

The concentration of DNA was quantified using a Qubit
dsDNA HS Assay Kit (Thermo Fisher, Waltham, MA, USA)
on a Qubit 2.0 instrument (Invitrogen, Waltham, MA, USA).
For the end preparation, we used NebNext Ultra Il End
Repair/dA - Tailing module NEB, Ipswich, MA, USA), as
follows: 1.75 uL of Ultra Il End Prep Reaction Buffer (NEB,
Ipswich, MA, USA), 0.75 uL Ultra Il End Prep Enzyme Mix
(NEB, Ipswich, MA, USA), and 50 ng of sample from the
previous step diluted to 12.5 ul. The reaction mixture was
incubated for 5 min at 25 C.5 min at 65 °C, and Cooled at 4
°C.

Samples were barcoded using 2.5 uL of EXP - NBD104
(barcodes 1 - 12, ONT, Oxford, UK) and EXP - NBD114
(barcodes 13 - 24. ONT Oxford. UK), 10 ul of Blunt TA
Ligase Master Mix (MO367, NEB, Ipswich, MA, USA).6 ul.
of NFW (NEB. Ipswich, MA, USA), and 1.5 uLof reaction
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mixture from the previous step, then incubated as follows:
20 min at 20 C, 10 min at 65 °C, and cooling for 1 min at 4
C. Next, 10 uL of all barcoded samples was Pooled together
and purified using 6 uL of AMPure XP Magnetic Beads
(Beckman Coulter, Brea, CA, USA). Samples were
quantified using a Qubit 2.0 spectrophotometer (Invitrogen,
Waltham, MA, USA) and dsDNA HS Assay Kit (Thermo
Fisher, Waltham, MA, USA).

For adaptor ligation, about 30 ng of the barcoded samples
were mixed with 10 uLNEBNext Quick Ligation Reaction
Buffer (NebNext Quick Ligation Module, E6056, NEB,
Ipswich, MA, USA), 5 uL of adaptor MIX (AMII, ONT,
Oxford, UK), and 5 uL of Quick T4 DNA Ligase (NebNext
Quick Ligation Module, E6056, NEB, Ipswich, MA, USA).
The mixture was incubated at room temperature for 10 min,
followed by purification with AMPure XP Magnetic Beads
(Beckman Coulter, Brea, CA, USA) 1: 1 and another Qubit
quantification. About 15 ng of the library was loaded in a
final volume of 75 uL on a primed R9.4.1 flow cell (ONT,
Oxford, UK) fitted in a MinlON Mk1B (ONT, Oxford, UK)
instrument.

(B) Midnight Protocol

Library Preparation and Sequencing with MinlON Mk1B
We used an adapted version of the SARS - CoV - 2
Midnight sequencing protocol developed by Oxford
Nanopore Technology (ONT, Oxford, UK) using the reagent
from New England BioLabs (NEB, Ipswich, MA, USA) and
Oxford Nanopore Technology (ONT, Oxford, UK).

For cDNA synthesis, 2 uL of LunaScript RT SuperMix
(M3010, NEB, Ipswich, MA., USA) was mixed with 8 uL of
viral RNA, incubated 2 min at 25 °C, 10 min at 55 °C, and 1
min at 95 °C for enzyme inactivation, then kept at 4 °C until
the next step. the overlapping amplicons were generated ( -
1200 bp) by mixing 6.25 uL of Hot Start High Fidelity
Master Mix (M0494, NEB, Ipswich, MA, USA), 0, 05 uL of
priers (midnight nCoV - 2019 V3 Panel and ARTIC nCoV -
2019 V4 Panel, IDT, Corralville, 1A, USA), 3.7 uL of
nuclease - free water (NFW, NEB, Ipswich, MA, USA), and
2.5 uL of cDNA.

Two separate reactions were performed for each sample
using the two primer pools. The cycling program was the
following: initial step 30 s at 98 °C, followed by 15 s at 98
°C, 2 min at 61 °C and 3 min at 65 C, for 35 cycles and
cooling at 4 C. The contents of pool A were transferred to
the corresponding well of pool B and mixed thoroughly
using a pipette.5ul of pool B (now containing pooled PCR
products) was transferred to the corresponding well of the
barcode attachment plate along with 2.5 uL of NFW and 2.5
uL of rapid barcodes (SQK - RBK110.96, Nanopore
technologies) from the rapid barcoding plate the plate was
sealed and incubated in a thermal cycler at 30 C for 2 min
and 80 C for two min.10 uL of all barcoded samples were
Pooled and purified using equal volumes of AMPure XP
Magnetic Beads (Beckman Coulter, Brea, CA, USA).

Samples were quantified using a Qubit 2.0
spectrophotometer (Invitrogen, Waltham, MA, USA) and
Qubit dsDNA HS Assay Kit (Thermo Fisher, Waltham, MA,

USA). For adaptor ligation, about 600 - 800 ng of the
barcoded samples were mixed with 1 uL of rapid adapter
(RAP F) and incubated at room temperature for 5 min. to
this, we added 37.5 uL of sequencing buffer 1l (SBII) and
25.5 ul of loading beads Il (LBII) to make 75ul of the final
library, which is loaded on a primed R9.4.1 flow cell (ONT,
Oxford, UK) fitted in a MinlON Mk1B (ONT, Oxford, UK)
instrument.

(C) Base - calling and demultiplexing

For both the above procedures, base - calling and
demultiplexing were performed with the MinKNOW 20.10
(ONT, Oxford, UK) software, which is integrated into
MinlON Mk1B (ONT, Oxford, UK); further data analysis
was carried out on the Commander NGS (Version
2022.04.26 - 13521) developed by Genotypic Ltd.
(Bengaluru, India), which contains pipelines for COVID
analysis for both Arctic and Midnight primers.

The software investigates the depth of coverage for each
barcoded sample. It runs quality checks to determine phred
quality scores using Nanostat (*¥ and information regarding
contig lengths. Pangolin (version v4.3, pangolin data v1.21)
and Nexclade (version 2.14.1, commit: 85e00e8, branch:
release; reference strain - Wuhan - Hu - 1/2019
(MN908947), last updated: 2023 - 08 - 09 12: 00 (UTC))
were used to predict the most likely variant via their web
applications (% 2V-

Visualisation Tools

R (version 4.1.2; R Core Team 2021) andRStudio
(2022.07.3 Build 586; RStudio Team, 2022) were used to
generate all plots (except coverage plots which used
Commander NGS) used in this study. Notably, the Tidyverse
(® package library was used, with ggplot2 (*® and
ggstatsplot @3 used for plot generation. The Scripts, data and
session information used in this study are included in the
supplementary section.

Primer Study

The Primer comparison study was done using 8 samples
(Samples 1 - 8), which underwent RNA extraction followed
by library preparation and sequencing using either Arctic v3
primers with native barcoding expansion Kkits (EXP -
NBD1040xford Nanopore Technologies), Arctic v3 primers
with Rapid barcoding kits (SQK - RBK110.96, Oxford
Nanopore Technologies), Midnight (Genotypic) with rapid
barcoding kits (SQK - RBK110.96, Oxford Nanopore
Technologies) and relatively newer Midnight (Oxford
Nanopore Technologies) with the same rapid barcoding kits.
Of the 8 samples, samples 3 and 4 were excluded from the
analysis as they were of poor quality with RT - PCR Cycle
Threshold values of 33 and 31, respectively, which was
above the base cutoff of 30 used for samples and including
these would not be representative of actual primer - protocol
performance.

3. Results

1) There was a Surge in COVID - 19 Cases Across Goa.
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Fig 1. Surge in COVID - 19 Rates Across Goa. (A)
Positive case counts from five major public Government
testing facilities in Goa and from private testers over 30
weeks. The x - axis represents the week and month of
testing, while the Y - axis represents case counts (SDH =
Sub District Hospital). (B) Stacked bar graph showing the
total number of positive cases per month. Percentage values
reflect the percentage of total cases recorded monthly during
30 weeks. (C) Mean weekly cases reported each month
(NGDH = North Goa District Hospital. Goa counts reflect
all the facilities, including NGDH). (D) From the 6 facilities
above, counts were arranged at the district level.

A surge in COVID - 19 cases was reported among the 9
ICMR - approved testing laboratories in Goa between March
and June (Fig 1. A). From the 2nd of January (beginning of
Week 1) till the end of July (end of Week 30), 93.86% of all
cases recorded in Goa occurred during the Months of March,
April and May, with each having 23.91%, 53.37%, and
16.96% of the positive COVID 19 cases respectively (Fig
1B; S. Fig 1A).

The Month of April saw the most significant number of
positive cases, with a mean of 566.5 cases per week
observed in Goa (Fig 1C). Case data uploaded by the ICMR
- approved testing facilities for COVID - 19 revealed that the
District of South Goa had higher cases than the District of
North Goa (Fig 1A, D). With regards to individual testing
facilities, The North Goa District Hospital recorded the most
significant number of positive samples (1205) overall,
followed by the South Goa District Hospital (1031), private
labs (593), Goa Medical College (496), Sub District Hospital
Ponda (413) and lastly Sub District Hospital Chicalim (211)
(Figl B).

The positivity (%) rates across Goa similarly increased, with
April having the highest positivity, peaking at 14.91%
during Week 14 (April) of the study (S. Fig 1 C, D, E). This
trend of SARS - CoV - 2 positivity correlated with the trend
of positivity seen across the country.

2) The Majority of Sequenced Cases are Cases Driven
by Recombinant Variants.
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Figure 2: XBB 1.16 Lineage is Driving COVID - 19 Cases
in Goa. (A) The total Coverage covered by the consensus
sequenced is shown. The Blue line represents the 10X
Coverage while the Orange line represents the 20X
Coverage. The Y axis represents Coverage, while the X axis
represents the sample number. (B) Shows when the samples
which were sequenced and uploaded onto INSACOG were
collected. The X - axis shows the collection week, while the
Y axis shows the number of samples (sample count). (C)
Shows the number of variants called after the samples
underwent successful variant calling via either Pangolin or
Next clade software. The Y - axis represents the number,
while the X - axis represents the variant lineage.

508 positive samples, with a cycle threshold value of < 30,
underwent sequencing. A coverage analysis revealed that
only 317 out of the 508 samples sequenced had a 10x
coverage above 85%, 255 samples had a 10x coverage above
90, and 234 samples had a 20x coverage above 85% (Fig
2A). The data from 501 of these samples were uploaded
onto INSACOG (Fig 2B). The sequencing data uploaded
onto INSACOG was from March to July 2023. The largest
samples were sequenced in April, corresponding with a
prominent case spike. Positive samples collected in January
and February either had a CT value above 30 or did not
receive sufficient data post - sequencing and, hence, were
excluded from sequencing analysis.

Samples having a 10x coverage above 85% underwent
variant analysis using Pangolin’s and Nexclade’s website
tools. Default settings were used with both methods, and the
Pango - learn model was used with pangolin. Lineage
analysis revealed that the XBB 1.6, a recombinant variant,
was the primary driver of cases observed in Goa, with 54%
of cases being attributed to the subvariant and 12.50% being
caused by XBB 1.16.1, a descendent subvariant (Fig 3C).
The next three strains were descendants of the XBB 2.3
subvariant with XBB 2.3, XBB 2.3.5 and XBB 2.3.2
detected in 6.91%, 3.62% and 3.30% of samples. Most
strains in circulation were recombinant variants of the
Omicron variant. There were conflicts between Nextclade
and Pangolin, with Nexclade being more lenient to low
coverage values while assigning lineages. Although lineage
calling was successful, all NextClade’s QC checker samples
were scored as Bad, including samples with 20x coverage
values above 95%. In the case of Pangolin, it was noted that
it was much stricter in assigning lineages with samples
having lower coverage value being unassigned. Of the 507
sequenced samples, 304 and 315 samples had their variants
called by Pangolin and Nextclade, respectively. Hence, due
to poor consensus coverage, almost 200 (38 - 40%) of the
sequenced samples could not have their variants called.

3) Loss of DNA observed following the Arctic Protocol
drastically decreases sequencing Quality.
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Fig 3. Arctic v3 Primers are sensitive to DNA loss per
wash. Comparison of the 10x Coverage values (A) and 20x
coverage values (B) per primer pair used (Arctic Version 3,
Midnight (Genotypic) and Midnight (Oxford Nanopore
Technologies). The Kruskal - Wallis test was applied to
identify significant differences between groups (p = 8.86e -
08 for A and 1.03e - 07 for B), and the Dunn test showed
pairwise comparisons. The Kruskal - Wallis test detected
significant differences among the groups (p = 3.40e - 04 for
C and 4.40e - 04 for D), and the Dunn test showed pairwise
comparisons. Primers used were AR (Arctic v3 primers with
Native barcoding protocol), AR - R (Arctic v3 primers with
rapid barcoding protocol), MN - R (Midnight (Oxford
Nanopore Technologies) with rapid barcoding protocol) and
MN - R - O (Midnight (Genotypic)) with rapid barcoding
protocol. In (A) and (C), a red line intersects the y - axis at
the 85 mark and in (B) and (D) at the 80 mark. In all cases,
The X - axis represents the primer pair used and the Y-axis
represents either 10x or 20x coverage.

To investigate the effect of different primers on the quality
of sequencing, the overall 10x and 20x coverage values were
compared to the primers used in the 507 sequenced samples.
It was shown that Midnight Primers (Oxford Nanopore
Technologies) performed significantly better than Midnight
Primers (Genotypic) and Arctic Primers using native
barcoding (Fig 3A, 3B). To investigate primer efficacy,
SARS - CoV - 2 samples underwent Extraction followed by
sequencing using Midnight Primers (Genotypic) (MN - O),
Midnight Primers (Oxford Nanopore Technologies) (MN -
N), Arctic Primers v3 with native barcoding (AR) and Arctic
Primers v3 with rapid barcoding kits. Samples undergoing

AR had a significantly decreased 10x and 20x coverage and
consensus sequence coverage, and none of the 8 samples
crossed the 85% and 80% coverage cutoffs, respectively
(Fig 3C, 3D; S. Fig 3A, 3B). This can be attributed to the
significant loss of DNA during washing steps and library
preparation, which has plagued this protocol in previous
attempts by the laboratory. In contrast, all 6 samples
analyzed, which underwent sequencing using AR - R or with
the MN - N, had coverage values which crossed the cutoff
values. Only 2 out of 6 samples using MN - O crossed the
85% and 80% coverage cutoffs. Statistical testing using the
Kruskal Wallis test ?* followed by pairwise comparisons via
Dunn testing (® showed that AR - N and MN - N primers
performed significantly better in terms of 10x and 20x
coverage than AR and MN - O primers.

4. Discussion

The results showed a strong surge in COVID cases across
Goa between March and June brought about by the XBB
1.16 line of variants. This temporal pattern aligns with a
similar rise in cases observed across India and other
neighboring states (*% ' XBB 1.16 strain has outcompeted
all other strains in Goa and is the dominant strain, with 54%
of all sequenced cases driven by it. The XBB 1.16 is shown
to have an effective reproductive number (Re) 1-22 - fold
higher than the parental XBB.1 and 1-13 - fold higher than
XBB.1.5; another independently evolved strain spreading in
India at the time (* ?® This higher Re suggests that the
XBB 1.16 variant is more contagious, contributing
significantly to its rapid spread and dominance. Only 3 cases
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of XBB 1.15 and its descendent sub - variants were observed
in the sequence data, which fits with the overall decrease in
the variant worldwide (*® This sheds essential light on the
landscape of COVID - 19 infections in Goa and shows that
the occurrence and spread of variants in Goa coincide with
the rest of India. The other subvariant variant observed was
XBB 2.3 and its descendants. This is concerning as studies
have shown that XBB 2.3 possesses a higher transmission
rate than XBB.1.16 and exhibits a greater evasive capacity
of immune - generated antibodies and vaccines, which could
have a profound impact on breakthrough infection rates (*-
However, as of August 2023, overall COVID - 19 cases
remain low in Goa. With regards to breakthrough infection,
future studies could look into the rate of breakthrough
infections caused by the new variants in Goa to analyze the
efficacy of previous doses in combating these variants.
Unfortunately, such data was not accurately collected at the
North Goa District Hospital, so variants could not be linked
to vaccination status.

Whilst praised for their portability and ease of use, ONT -
based machines have always been criticized for their
relatively low coverage. From previous studies, it is shown,
that although these technologies can be applied for COVID
sequencing and variant analysis and offer a less labor -
intensive solution to produce results quickly, the genomic
coverage is inferior to that of short - read sequencers such as
the Illumina MiSeq % 3% 15)- Qur study observed that 37.46%
(190) of the 507 samples sequenced could not reach the
>85% 10x coverage genome cut - off. Furthermore, of the
317 samples that did cross the cut - off, 10 could not be
assigned to a variant using Pangolin. Although samples with
10x coverage values above 95% were obtained, all of the
sequenced samples received a bad QC rating on Nextclade.
However, New kits are coming into the market, and the
recently developed R10 flowcells used in conjunction with
Q20+ Kits have shown promising results with the advent of
duplex sequencing. But, they prove to be incredibly
expensive for the lab and may not be accessible to other
smaller institutes due to the cost of entry.

The lab successfully ran the Midnight protocol and
consistently got successful runs and high amounts of DNA
after the protocol's different washing steps. The process was
quick and gave consistent results. However, the lab
successively used the Arctic protocol, using the Arctic
primers v3, to run successfully only twice out of 5 attempts.
In all other attempts, DNA post - washing during library
preparation resulted in the consequent loss, leading to
insufficient DNA concentrations for optimum sequencing.
This loss of DNA also affected Arctic results using native
Arctic barcoding kits in the comparison study (Fig 3) while
comparing primer sets.

In contrast, it was shown that Arctic v3 primers paired with
rapid barcoding kits showed better results in the study. A
more thorough comparison of the coverage values obtained
from each primer set should be done in the future with a
larger number of samples. Although statistical testing was
conducted, due to the small number of samples per group
(6), the statistical test results cannot be taken at face value.
They should be repeated in the future with a higher sample
size. Furthermore, due to the large loss of DNA during

washing steps, this experiment is not representative of the
performance of Arctic primers with their native barcoding
kit, as in the case of the two successful Arctic runs where
coverage values were incredibly high, having a mean 10x
coverage of 84.6 and a 20x coverage of 77.4 which was
comparable to those of the genotypic Midnight primers
(82.2% and 76.9% respectively), but rather to emphasize the
protocol's vulnerability to DNA loss and the utmost care that
needs to be taken to prevent this loss. Furthermore, this also
highlights how it is simpler instead to get consistent results
with lesser DNA loss while using the adapted midnight
protocol.

Due to the complex nature of the bioinformatic tools used
for data analysis and the lack of specialized bioinformatics -
based training, a lot of open - source software such as
Epi2me labs and Interarctic were inaccessible and
proprietary GUI - based software such as Commander
ngswas chosen instead. This led to a significant increase in
lab expenditure in acquiring an institutional license.
However, this made the post - sequencing analysis steps
incredibly intuitive for a small - scale non - bioinformatics
laboratory at the expense of the flexibility and accessible
documentation provided by open - source tools.

5. Conclusion

This report highlights the surge in COVID cases and has
shown that the driver of these cases is the spread of new sub
- variants such as XBB 1.16, XBB 2.3 and their descendants.
The study validated the use of the ONT Minion in a low -
resource area to monitor variants in the local population
while also showing the limitations of using long - read
sequencing technologies.
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