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M ore than 1,000 types of molecular nucleic acid amplification tests (NAAT) and 
antigen-based tests to detect SARS-CoV-2 are now available worldwide (1). During 

the COVID-19 pandemic, mutations that determined NAAT target failures have been 
used to identify SARS-CoV-2 variants, with epidemiological implications.

The most notable example of target failure has been the 6-nucleotide deletion 
(21765–21770, leading to amino acid Δ69–70HV) in the spike gene of Alpha and Omicron 
(B.1.1.529, BA.1, BA.4, and BA.5 variant of concern (VOCs) and the BA.2.86* variant of 
interest (VOI), which causes S-gene target failure on a widely used commercial test, the 
3-target TaqPath RT-PCR COVID-19 assay (Thermo Fisher Scientific) (2, 3). The kit also 
suffered from N-gene target failure (NGTF) with several Delta polymorphisms and has 
since been updated (4). Several cases of NGTF have also been reported over time in the 
setting of commercial assays (5–8). Among them, NGTF [Δ6–10, N-gene dropout on cycle 
threshold (Ct) values >29] has been previously proven specific for Alpha-positive samples 
using the Allplex SARS-CoV-2/FluA/FluB/RSV PCR assay (9). The N:641∆6 mutation in AY.4 
(resulting in a two-amino acid deletion of G214 and G215) has been similarly shown to 
cause NGTF in the Allplex SARS-CoV-2 assay(10).

In November 2023, while performing diagnostic PCRs, we noted a reduced amplifica­
tion of the SARS-CoV-2 N gene compared to the other targets in two nasopharyngeal 
swab (NPS) samples tested with the Seegene Allplex SARS-CoV-2 Master Assay. This assay 
targets three genes (E, RdRp/S, and N) and five mutations in the S gene (Δ69–70HV, 
delY144, E484K, N501Y, and P681H) (11). We later confirmed these samples as BA.2.86* 
by whole genome sequencing. Notably, BA.2.86* includes a novel mutation within the 
N gene, N:Q229K, which falls into the leucine-rich sequence (218–231) within one of the 
flexible intrinsically disordered regions recently shown to be a N protein oligomerization 
site (12).

To further investigate this preliminary finding, we tested 24 more NPS (for a total of 
26) characterized as BA.2.86* in the context of national SARS-CoV-2 genomic surveil­
lance. As shown in Table 1, we found a partial failure in N gene amplification in 25 out 
of 26 samples, with a reduction range of 6–12 Ct’s in the 16 samples quantifiable and 
with a Ct <30. Only one sample (#17) did not exhibit reduced amplification; of note, it 
had the highest Ct value. However, additional NGS investigations revealed the pres­
ence of an infecting SARS-CoV-2 minoritarian variant (about 20% relative abundance) 
characterized by the absence of the Q229K mutation for sample #17 while the other 
NPS tested presented the N:Q229K substitution at 100% frequency. Given the current 
massive emergence of BA.2.86*, particularly the JN.1 sublineage (13), the Seegene 
Allplex SARS-CoV-2 Master Assay can help with the early identification of JN.1, providing 
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a cost­effective alternative to monitor its prevalence while competing against the FLip 
(S:L455F+S:F456L) sublineages (14).
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TABLE 1 Results of BA.2.86* samples by Seegene Allplex SARS-CoV-2 Master Assaya

Sample SARS-CoV-2 lineage

SARS CoV-2 gene targeted by Seegene Allplex SARS-CoV-2 
Master Assay (Ct)b

E RdRP/S N

#1 JN.1 26.2 27.3 38.8
#2 BA.2.86.1 24.4 25.4 37.4
#3 JN.1 27.5 28.8 38.5
#4 BA.2.86.1 29.8 30.9 N/A
#5 BA.2.86.1 23.1 23.7 36.1
#6 JN.1 37.4 37.1 N/A
#7 JN.1 29.6 30.7 N/A
#8 JN.1 30.7 31.1 N/A
#9 BA.2.86.1 29.6 30.6 N/A
#10 BA.2.86.3 23.3 24.2 36.9
#11 JN.1 24.6 25.5 N/A
#12 JN.1 28.6 30.0 N/A
#13 BA.2.86 28.6 30.5 38.2
#14 JN.1 23.3 24.6 34.1
#15 JN.1 18.5 19.7 30.0
#16 JN.1 21.7 23.3 32.7
#17 JN.1 35,4 40.0 38.2
#18 JN.1 23.5 24.9 34.7
#19 JN.1 23.4 24.9 30.9
#20 JN.2 29.6 31.8 N/A
#21 JN.2 27.3 28.5 35.2
#22 JN.1 20.7 22.0 29.4
#23 BA.2.86 28.5 30.9 N/A
#24 JN.1 21.2 22.6 32.8
#25 JN.1 20.7 21.4 30.0
#26 BA.2.86 21.4 22.2 33.9
aAbbreviation: N/A, not applicable for negative result.
bS variant target results are not shown. The original purpose of this target was to identify S mutations (Δ69-70HV, 
delY144, E484K, del. Y144, N501Y, and P681H) for characterizing SARS-CoV-2 lineages no longer circulating in the 
Omicron era.

New-Data Letter Microbiology Spectrum

June 2024  Volume 12  Issue 6 10.1128/spectrum.00179-24 2

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//j

ou
rn

al
s.

as
m

.o
rg

/jo
ur

na
l/s

pe
ct

ru
m

 o
n 

19
 S

ep
te

m
be

r 
20

24
 b

y 
19

3.
20

6.
18

2.
9.

https://doi.org/10.1128/spectrum.00179-24


Daniele Focosi  http://orcid.org/0000-0001-8811-195X

FUNDING

Funder Grant(s) Author(s)

Ministero della Salute (Italy Ministry of 
Health)

Ricerca Corrente - Linea 1 Fabrizio Maggi

REFERENCES

1. COVID-19 - FIND (Finddx.Org). https:​/​/​www.​finddx.​org/​tools­and­
resources/​dxconnect/​test­directories/​covid­19­test­directory/​.

2. Bal A, Destras G, Gaymard A, Stefic K, Marlet J, Eymieux S, Regue H, 
Semanas Q, d’Aubarede C, Billaud G, Laurent F, Gonzalez C, Mekki Y, 
Valette M, Bouscambert M, Gaudy­Graffin C, Lina B, Morfin F, Josset L, 
COVID-Diagnosis HCL Study Group. 2020. Two-step strategy for the 
identification of SARS-Cov-2 variant of concern 202012/01 and other 
variants with spike deletion H69–V70, France, August to December 2020. 
Euro Surveill 26. https://doi.org/10.2807/1560-7917.ES.2021.26.3.
2100008

3. Washington NL, White S, Barrett KMS, Cirulli ET, Bolze A, Lu JT. 2020. S 
gene dropout patterns in SARS-CoV-2 tests suggest spread of the 
H69del/V70del mutation in the US. medRxiv. https://doi.org/10.1101/
2020.12.24.20248814

4. Holland SC, Bains A, Holland LA, Smith MF, Sullins RA, Mellor NJ, Thomas 
AW, Johnson N, Murugan V, Lim ES. 2022. SARS-CoV-2 delta variant N 
gene mutations reduce sensitivity to the TaqPath COVID-19 multiplex 
molecular diagnostic assay. Viruses 14:1316. https://doi.org/10.3390/
v14061316

5. Bozidis P, Tsaousi ET, Kostoulas C, Sakaloglou P, Gouni A, Koumpouli D, 
Sakkas H, Georgiou I, Gartzonika K. 2022. Unusual N gene dropout and 
Ct value shift in commercial multiplex PCR assays caused by mutated 
SARS-CoV-2 strain. Diagnostics (Basel) 12:973. https://doi.org/10.3390/
diagnostics12040973

6. Miller S, Lee T, Merritt A, Pryce T, Levy A, Speers D. 2021. Single-point 
mutations in the N gene of SARS-CoV-2 adversely impact detection by a 
commercial dual target diagnostic assay. Microbiol Spectr 9:e0149421. 
https://doi.org/10.1128/Spectrum.01494-21

7. Hasan MR, Sundararaju S, Manickam C, Mirza F, Al-Hail H, Lorenz S, Tang 
P. 2021. A novel point mutation in the N gene of SARS-CoV-2 may affect 
the detection of the virus by reverse transcription-quantitative PCR. J 
Clin Microbiol 59:e03278-20. https://doi.org/10.1128/JCM.03278-20

8. Fox-Lewis S, Fox-Lewis A, Harrower J, Chen R, Wang J, de Ligt J, McAuliffe 
G, Taylor S, Smit E. 2021. Lack of N2-gene amplification on the Cepheid 
Xpert Xpress SARS-CoV-2 assay and potential novel causative mutations: 
a case series from Auckland, New Zealand. IDCases 25:e01233. https://
doi.org/10.1016/j.idcr.2021.e01233

9. Sánchez-Calvo JM, Alados Arboledas JC, Ros Vidal L, de Francisco JL, 
López Prieto MD. 2021. Diagnostic pre-screening method based on N-
gene dropout or delay to increase feasibility of SARS-CoV-2 VOC B.1.1.7 
detection. Diagn Microbiol Infect Dis 101:115491. https://doi.org/10.
1016/j.diagmicrobio.2021.115491

10. Alkhatib M, Bellocchi MC, Marchegiani G, Grelli S, Micheli V, Stella D, 
Zerillo B, Carioti L, Svicher V, Rogliani P, Ceccherini-Silberstein F. 2022. 
First case of a COVID-19 patient infected by delta AY.4 with a rare 
deletion leading to a N gene target failure by a specific real time PCR 
assay: novel omicron VOC might be doing similar scenario? Microorgan­
isms 10:268. https://doi.org/10.3390/microorganisms10020268

11. Fu JYL, Chong YM, Sam IC, Chan YF. 2022. SARS-CoV-2 multiplex RT-PCR 
to detect variants of concern (VOCs) in Malaysia, between January to 
May 2021. J Virol Methods 301:114462. https://doi.org/10.1016/j.
jviromet.2022.114462

12. Zhao H, Wu D, Hassan SA, Nguyen A, Chen J, Piszczek G, Schuck P. 2023. 
A conserved oligomerization domain in the disordered linker of 
coronavirus nucleocapsid protein. Sci Adv 9:eadg6473. https://doi.org/
10.1126/sciadv.adg6473

13. Yang S, Yu Y, Xu Y, Jian F, Song W, Yisimayi A, Wang P, Wang J, Liu J, Yu L, 
Niu X, Wang J, Wang Y, Shao F, Jin R, Wang Y, Cao Y. 2024. Fast evolution 
of SARS-CoV-2 BA.2·86 to JN.1 under heavy immune pressure. Lancet 
Infect Dis 24:e70–e72. https://doi.org/10.1016/S1473-3099(23)00744-2

14. Focosi D, Spezia PG, Gueli F, Maggi F. 2023. The era of the FLips: how 
spike mutations L455F and F456L (and A475V) are shaping SARS-CoV-2 
evolution. Viruses 16:3. https://doi.org/10.3390/v16010003

New-Data Letter Microbiology Spectrum

June 2024  Volume 12  Issue 6 10.1128/spectrum.00179-24 3

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//j

ou
rn

al
s.

as
m

.o
rg

/jo
ur

na
l/s

pe
ct

ru
m

 o
n 

19
 S

ep
te

m
be

r 
20

24
 b

y 
19

3.
20

6.
18

2.
9.

https://www.finddx.org/tools-and-resources/dxconnect/test-directories/covid-19-test-directory/
https://doi.org/10.2807/1560-7917.ES.2021.26.3.2100008
https://doi.org/10.1101/2020.12.24.20248814
https://doi.org/10.3390/v14061316
https://doi.org/10.3390/diagnostics12040973
https://doi.org/10.1128/Spectrum.01494-21
https://doi.org/10.1128/JCM.03278-20
https://doi.org/10.1016/j.idcr.2021.e01233
https://doi.org/10.1016/j.diagmicrobio.2021.115491
https://doi.org/10.3390/microorganisms10020268
https://doi.org/10.1016/j.jviromet.2022.114462
https://doi.org/10.1126/sciadv.adg6473
https://doi.org/10.1016/S1473-3099(23)00744-2
https://doi.org/10.3390/v16010003
https://doi.org/10.1128/spectrum.00179-24

	Partial N-gene target failure in the Seegene Allplex SARS-CoV-2 Master Assay as a proxy of SARS-CoV-2 BA.2.86

