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Emerging infections have threatened humanity since global warming,
dramatic environmental changes resulting in complex interactions between
humans and animals. Emergence and evolution of an ever increasing number of
human pathogens, originating from animals, such as avian flu, SARS and the
SARS-CoV2 resulting in pandemic COVID-19. Rapid detection and
identification of emerging infectious pathogens is essential to guide the therapy

and predict the outcome.

Next Gereation Sequencing (NGS) could resovle the detection limits to the
number of targeted pathogens when using traditional technoques. Introducing
NGS into a diagnostic setting may revolutionize the investigation of pathogens.
This study uses the established targeted-NGS (tNGS) to improve the SARS-Co V-
2 whole genome sequencing technology to promptly respond to the mutations of
the BN.1.3 and XBB.1.5 variant. We also establish the metagenomic NGS (mNGS)
for comprehensive detection of pathogens, and successfully introduced to
complete the whole genome sequence of Naegleria fowleri in an unexplained
encephalitis case at the end of July 2012. Thus, adapting NGS from clinical to
public health use benefits monitoring, controlling and preventing infectious

diseases.
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hCoV-19/Germany/BY-RKI-I-11148

hCoV-19/Taiwan/F77496/2022 | EPT
hCoV-19/Japan/TKYmbc36455/2023
hCoV-19/Thailand/NIC_PRE 817/2
hCoV-19/USA/AR-UAMS-1016261321
hCoV-19/Germany/BY-RKI-I-11148
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21¢€10 21€20 21€40
T o S e
TAATTCTTTC ACACGTGGTG TTTATTACCC TGACAAAGTT
TAATTCTTTC ACACGTGGTG TTTATTACCC TGACAAAGTT
TAATTCTTTC ACACGTGGTG TTTATTACCC TGACAAAGTT
TAATTCTTTC ACACGTGGTG TTTATTACCC TGACAAAGTT

TAATTCTTTC ACACGTGGTG TTTATTACCC TGACAAAGTT

21€30 21€s0

22 £
TTCAGATCCT
TTCAGATCCT
TTCAGATCCT
TTCAGATCCT
TTCAGATCCT

21e€80

21€€0 21€70 21€90 21700
s g [T L) (g ) P ) g TR T |y
CAGTTTTACA TTCAACTCAG GACTTGTTCT TACCTTTCNN NNNNNNNNNN
CAGTTTTACA TTCAACTCAG GACTTGTTCT TACCTTTCTT TTCC?

CAGTTTTACA TTCAACTCAG GACTTGTTCT TACCTTTCNN
CAGTTTTACA TTCAACTCAG GACTTGTTCT TACCNNNNNN
CAGTTTTACA TTCAACTCNN NNNNNNNNNN NNNNNNNNNN

21950 21570 21980

21810 21820 21930 21840 22000

e L g e L L L e I B (P D s SO oo s S B 028
NNNNNNNNNN NNNNNNNNNN NNNNNNNNNN NNNNNNNNNN NNTTATTACC ATGAAAACAA CAAAANNNNG ATNGAAAGNN NGTTAAGAGT TTATTCTAGT
NNNNNNNNNN TTTCAATTTT GTAATGATCC ATTTTTGGAT GTTTATTACC ACGAAAACAA CAAAAGTCGG ATGGAAAGTG AGTTAAGAGT TTATTCTAGT

NNNNNNNNNN NNNNNNNNNN NNNNNNNNNN NNNNNNNNNN NNTTATTACC ACGAAAACAA CAAAAGTCGG ATGGAAAGTG AGTTAAGAGT TTATTCTAGT

22010 22020 22030 22040 220€0
GCGAATAATT GCACTTTTGA ATATGTCTCT CAGCCTTTTC TTATGGACCT TGAAGGAAAA CAGGGTAATT TCAAAAATCT TAGGGAATTT GTGTTTAAGA
GCGAATAATT GCACTTTTGA ATATGTCTCT CAGCCTTTTC TTATGGACCT TGAAGGAAAA CAGGGTAATT TCAAAAATCT TAGGGAATTT GTGTTTAAGA
GCGAATAATT GCACTTTTGA ATATGTCTCT CAGCCTTTTC TTATGGACCT TGAAGGAAAA CAGGGTAATT TCAAAAATCT TAGGGAATTT GTGTTTAAGA
NNNNNNNNNN NNNNNNNNNN NNNNNNNNNN NNNNNNNNNN NNNNNNNNNN NNNNNNNNNN NNNNNNNNNN NNNNNNNNNN NNNNNNNNNN NNNNNNNNNN
GCGAATAATT GCACTTTTGA ATATGTCTCT CAGCCTTTTC TTATGGACCT TGAAGGAAAA CAGGGTAATT TCAAAAATCT TAGGGAATTT GTGTTTAAGA

22080 22070 22080 22080 22100
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Omicron BN.1.3 reference sequence
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Taiwan-F78499

hCoV-19/Italy/LOM-01019279/202
hCoV-19/USA/TX-KVI300820/2023|
hCoV-19/Japan/PG-391350/2022 |E
hCoV-19/Germany/SH-RKI-I1-11177

Taiwan-F78499

hCoV-19/Italy/LOM-01019279/202
hCoV-19/USA/TX-KVI300820/2023|
hCoV-19/Japan/PG-391350/2022 |E
hCoV-19/Germany/SH-RKI-I-11177

Taiwan-F78499

hCov-19/Italy/LOM-01019279/202
hCoV-19/USA/TX-KVI300820/2023|
hCoV-19/Japan/PG-391350/2022 |E
hCoV-19/Germany/SH-RKI-1-11177

Taiwan—-F78499

hCov-19/Italy/LOM-01019279/202
hCov-19/USA/TX-KVI300820/2023|
hCov-19/Japan/PG-391350/2022 |E
hCov-19/Germany/SH-RKI-1-11177

Taiwan-F78499

hCov-18/Italy/LOM-01018279/202
hCov-19/USA/TX-KVI300820/2023|
hCov-19/Japan/PG-391350/2022 |E
hCoV-18/Germany/SH-RKI-I1-11177
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22410
ey

TCTCAGAARC

22420

22430
TTGA;.ATC:C:'II
TTGAAATCCT
TTGAAATCCT
TTGAAATCCT
TTGAAATCCT

22440
ceee b

TCACTGTAGA AARAGGAATC

22450

22460
TAT C:.IAAAET"[‘
TATCAARCTT
TATCAARCTT
TATCAARCTT
TATCAARCTT

22470 22480 22490 22500
ceel el

CTAACTTTAG AGTCCAACCA ACAGAATCTA TTGTTAGATT

CT.

CTAACTTTAG AGTCCAACCA ACAGAATCTA TTGTTAGATT

CTAACTTTAG AGTCCAACCA ACAGAATCTA TTGTTAGATT

CTARCTTTAG AGTCCAACCA ACAGAATCTA TTGTTAGATT

TCACTGTAGA AARAGGAATC

22510 22520 22520 22550 22560 22570 22580

celeeel
C TGTTTATGCT T

22590

22600
celeeenl

TCAG CAACTGTGTT

R T e T e e e T
TCCTAATATT ACAAACTTGT GCCCTTTTCA TGAAGTTTTT AACGCCACCA CATTTGCAS

TCCTAATATT ACAAACTTGT GCCCTTTTCA TGAAGTTTTT AACGCCACCA CATTTGCATC TGTTTATGCT TGGAACAGGA AGAGAATCAG CAACTGTGTT
TCCTAATATT ACAAACTTGT GCCCTTTTCA TGAAGTTTTT AACGCCACCA CATTTGCATC TGTTTATGCT TGGAACAGNN NNNNNNNNNN NNNNNNNNNN
TCCTAATATT ACAAACTTGT GCCCTTTTCA TGAAGTTTTT AACGCCACCA CATTTGCATC TGTTTATGCT TGGAACAGGA AGAGAATCAG CAACTGTGTT

22610 22620 22630 22640 22650 22660 22670 22680 22690 22700
GCTGATTATT CTGTCNNNNN
22710 22720 22730 22740 22730 22760 22770 22780 22790 22800
el e - ceeel e el e | el ] e TR
NGATTATAAT TATAAATTAC CAGATGATTT
NNNTTATAAT TATAAATTAC CAGATGATTT
22810 22220 22830 22840 22850 22860 22270 22820 22290 22800

N T T e T T
IGC GITATAGCTT

GGAATTCTAA CAAGCTTGAT
NAATCTTGAT

TCTAAGCCTIA GTGGITAATT,L

TCTAAGGTTG GTGGTAATTA
GTGNTAATTA
TCTAAGCCTA GTGGTAATTA
TCTAAGCCTA GTGGTAATTA

R T T T e
TAATTACCTG TATAGATTGT TTAGGAAGTC TAAGCTCAAA

TAATTACCTG TATAGATTGT TTAGGAAGTC TAAGCTCAAA
TAATTACCTG TATAGATTGT TTAGGAAGTC TAAGCTCAAA
TAATTACCTG TATAGATTGT TTAGGAAGTC TAAGCTCAAA

TACAGGCTGC GTTATAGCTT GGAATTCTAA CAAGCTTGAT
TACAGGCTGC GTTATAGCTT GGAATTCTAA CAAGCTTGAT
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Omicron XBB.1.5 reference sequence
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Omicron BN.1.2 reference sequence
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. Naegleria fowleri ’
//I/ 40 kop Mitochondrion TW 1
49,558 bp o

oam

|“| B TW  (Taiwan, OR459835)
- M V511 (USA, KX580902)

MW V419 (USA, KX580903)

W AY27 (Pakistan, MZ461463)

Kurume(Japan, AP025248)
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Fo— ~112# 2 P R F50 = B % mNGS% ¥ qPCR2 ¥ 5 & %

% &%
# A~ e R fauE
mNGS (RPM)* gPCR (Ctiz)
ik (2) ND —
D1
() ND —
i+ #+(F ) | Rhinovirus (<10) Rhinovirus (28.8)
D2 | i #F (=) ND Rhinovirus (28.7)
Bk F (L) ND ND
PENTENEED ND -
D3 | fi& (=) ND —
s F () ND —
=+ # <+ (F £) | Rhinovirus (<10) Rhinovirus (28.4)
D4 | = # <+ (=*) | Rhinovirus (<10) Rhinovirus (32.1)
AR+ ( ) ND Rhinovirus (31.7)
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% &%
# e 48 6 4F
mMNGS(RPM)* qPCR(Cti&)

FEHT-opA ND —
G R ND —

D5
GRGE e ND —
JFUE S A ND —
AR S - A Rhinovirus (<10) Rhinovirus (27.2)
R e ND ND
FEFF-RS ND ND

20 R e ND Rhinovirus (33.5)
G e ND ND
HoFRE A ND Rhinovirus (36.3)
TR RS ND —

D7 | 2% EF-p ND —
FERI-RS ND —
# ¥4# -+ -+ |Cytomegalovirus (<10)| Cytomegalovirus (28.7)

D8 | ="+ -+ |Cytomegalovirus (<10)| Cytomegalovirus (29.3)
w4+ -mA | Cytomegalovirus (<10)| Cytomegalovirus (29.4)

*RPM : Reads per million reads.
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