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a b s t r a c t 

Background: Commercial severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) antibody tests were 
developed before variants with spike protein mutations emerged, leading to concerns that these tests have reduced 
sensitivity for detecting antibody responses in individuals infected with Omicron subvariants. This study was 
performed to evaluate Abbott ARCHITECT serologic assays, AdviseDx SARS-CoV-2 IgG II, and SARS-CoV-2 IgG 

for the detection of spike (S) and nucleocapsid (N) IgG antibody increases in vaccinated healthcare workers 
infected with Omicron subvariants. 
Methods: During the BA.1/2 and BA.4/5 waves, 171 SARS-CoV-2-infected individuals (122 in the BA.1/2 wave, 49 
in the BA.4/5 wave) were tested for S and N IgG post infection. Sequencing and SARS-CoV-2 variant confirmation 
were performed on nasal swab samples from individuals infected during the BA.1/2 wave. 
Results: Twenty-seven Omicron sequence confirmed individuals in the BA.1/2 wave and all 49 in the BA.4/5 
wave had pre-infection antibody data. Compared to pre-infection levels, post-infection S IgG increased 6.6-fold 
from 1294 ± 302 BAU/ml (mean ± standard error measurement) to 9796 ± 1252 BAU/ml ( P < 0.001) during 
the BA.1/2 wave, and 3.6-fold from 1771 ± 351 BAU/ml to 8224 ± 943 BAU/ml ( P < 0.001) during the BA.4/5 
wave. N IgG increased post infection 19.1-fold from 0.2 ± 0.1 to 3.7 ± 0.5 ( P < 0.001) during the BA.1/2 wave 
and 13.5-fold from 0.22 ± 0.1 to 3.2 ± 0.3 ( P < 0.001) during the BA.4/5 wave. Among 159 infection-naïve 
individuals, positive N IgG levels were detected with a sensitivity of 88% in the 87 individuals who were tested 
between 14 days and 60 days post infection. 
Conclusions: The large increases in post-infection S IgG along with the N IgG sensitivity that was comparable to 
previously reported N IgG sensitivity data in unvaccinated individuals after Omicron infection, support the use 
of Abbott SARS-CoV-2 assays for detecting increased S IgG and seroconversion of N IgG in vaccinated individuals 
post Omicron infection. Given that 68% of the United States population is fully vaccinated, these results are of 
current relevance. 
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. Introduction 

Given antigenic differences in the spike protein of the Omicron sub-
ariants compared to the original severe acute respiratory syndrome
oronavirus 2 (SARS-CoV-2) sequence [1] , there are concerns that com-
ercial spike antibody assays have reduced sensitivity in detecting an-
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ibody responses after infection with Omicron subvariants [2 , 3 , 4] . We
reviously reported that Abbott antibody assays (ARCHITECT/Alinity
ARS-CoV-2 IgG, AdviseDx SARS-CoV-2 IgG II, and Panbio COVID-19
gG) detected SARS-CoV-2 spike antibodies (S IgG) in 100% (17/17)
nd nucleocapsid antibodies (N IgG) in 94.1% (16/17) of serum sam-
les from immunocompetent individuals infected with variant B.1.1.7 at
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Table 1 

Demographic breakdown of the participants by time period of infection. 

Infected during BA.1/2 wave ( n = 122) Infected during BA.4/5 wave ( n = 49) Overall ( n = 171) P -value 

Age (years), mean ± SD (range) 39.3 ± 10.7 (22–68) 41.8 ± 11.0 (23–66) 40.0 ± 10.8 (22–68) 0.18 a 

Sex, n (%) 0.09 b 

Female 108 (88.5%) 38 (77.6%) 146 (85.4%) 
Male 14 (11.5%) 11 (22.4%) 25 (14.6%) 

Race, n (%) 
Asian 9 (7.4%) 3 (6.1%) 12 (7.0%) 
Black or African American 11 (9.0%) 2 (4.1%) 13 (7.6%) 
White 89 (72.9%) 44 (89.8%) 133 (77.8%) 
Native Hawaiian or Pacific Islander 1 (0.8%) 0 (0%) 1 (0.6%) 
Other 8 (6.6%) 0 (0%) 8 (4.7%) 
Unknown 4 (3.3%) 0 (0%) 4 (2.3%) 

Vaccine brand, n (%) 
Pfizer 120 (98.4%) 49 (100%) 169 (98.8%) 
Moderna 2 (1.6%) 0 (0%) 2 (1.2%) 

SD, standard deviation. 
a t -test with Welch correction: P = 0.18 comparing age between the BA.1/2 and BA.4/5 waves. 
b Fisher’s exact test: P = 0.09 comparing the sex ratio between the BA.1/2 and BA.4/5 waves. 

Table 2 

Details of the S IgG and N IgG results for participants infected during the BA.1/2 wave. 

Wave Number of participants 
S IgG (BAU/ml) 
Mean ± SEM 

N IgG (index) 
Mean ± SEM 

BA.1/2 122 
Blood samples available 121 11 649 ± 903 3.2 ± 0.2 
Sequenced confirmed Omicron 71 (70 with blood samples, 1 

without blood sample) 
11 908 ± 1199 3.1 ± 0.3 

Insufficient viral load for sequencing 50 10 985 ± 1402 3.2 ± 0.3 
Sequenced confirmed Delta 1 6522 5.7 

S, spike; N, nucleocapsid; SEM, standard error of the mean. 
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6  
5–26 days after SARS-CoV-2 symptom onset [5] . Since antibody tests
ere developed before variant of concern lineages with novel mutations

n S IgG emerged, it is necessary to confirm that these assays can effec-
ively detect antibody responses after infection with newer SARS-CoV-2
ariants of concern. 

This study was designed to evaluate the ability of Abbott serologic
ssays to detect S and N IgG antibody increases in vaccinated healthcare
orkers infected during two Omicron subvariant waves in the Chicago
etropolitan area. 

. Study design and methods 

This study was approved by the Institutional Review Board of Rush
niversity Medical Center and all individuals provided informed con-

ent to participate in this study. During the Omicron BA.1/2 wave in
he Chicago, Illinois metropolitan area (December 2021 to May 2022)
6 , 7] , participants provided a nasal sample for PCR and sequencing
ithin 3 days of a positive SARS-CoV-2 PCR test from December 15,
021 through April 2022. Individuals returned between 9 days and
50 days (median 58 days) to provide a blood sample for testing S
nd N IgG. Antibody results of participants in an ongoing longitudinal
ost-SARS-CoV-2 vaccine-induced antibody study [8] who tested posi-
ive for SARS-CoV-2 by PCR or rapid antigen between July and Octo-
er 2022 (during the BA.4/5 wave) [6] and had their antibody levels
ested between 8 days and 97 days (median 53 days) after infection,
ere used to compare the antibody levels between the two Omicron
aves. 

For comparison between the previously infected and infection-naïve
roups, participants were considered previously infected if they had a
istory of positive SARS-CoV-2 PCR, positive antigen testing, or pos-
tive N IgG results prior to their presumed Omicron infection. Partic-
pants were considered infection-naïve if they had a negative history
AR-CoV-2 PCR or antigen testing, and negative N IgG results prior to
heir presumed Omicron infection. 
278 
S and N IgG were measured with the AdviseDx SARS-CoV-2 IgG II
S) and SARS-CoV-2 IgG (N) assays on an Abbott ARCHITECT i2000SR,
s described previously. [8] Results are expressed in binding antibody
nits per milliliter (BAU/ml) for S IgG (values ≥ 7.1 BAU/ml considered
ositive) and as the signal/cut-off index (S/C index) for N IgG (values
 1.4 considered positive). For S IgG, the Abbott AdviseDx SARS-CoV-
 IgG II instrument reported the results in antibody units per milliliter
AU/ml). AU/ml was converted to BAU/ml by multiplying AU/ml by
.142 (BAU/ml = 0.142 × AU/ml). Genomic sequencing from metage-
omic libraries with target enrichment and lineage classification was
onducted as described previously [9 , 10] . For the lateral flow antibody
ssay, plasma samples were tested using the qualitative Abbott Panbio
OVID-19 IgG Rapid Test Device, according to the manufacturer’s in-
tructions; this detects S IgG. 

The statistical analysis was performed using GraphPad Prism, with
he Student paired t -test, Chi-square test, and Mann–Whitney U -test. Sig-
ificance was defined as P < 0.05. 

. Results 

All 171 participants had received at least two doses of an mRNA
accine prior to enrollment into this study. Table 1 shows that the par-
icipants were mostly female (85.4%) and White (77.8%); mean age was
0 years. 

Table 2 shows that during the BA.1/2 wave, 122 nasal samples
ere collected, of which 72 had a sufficient viral load to be sequenced.
eventy-one were sequenced to be Omicron (63 BA.1, eight unassigned)
nd one to be Delta. For the 70 confirmed Omicron-infected individuals
one did not return for antibody testing), post-infection S IgG was 11
08 ± 1199 BAU/ml (mean ± standard error of the mean) and N IgG
as 3.1 ± 0.3 (index). For the 50 participants for whom a genomic se-
uence could not be determined, post-infection S IgG (10 985 ± 1402
AU/ml) and N IgG (3.2 ± 0.3) revealed no differences compared to the
3 BA.1 sequence-confirmed participants ( P > 0.05, for S IgG and for N
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Figure 1. (A) Pre-infection versus post-infection S IgG during the BA.1/2 wave. (B) Pre-infection versus post-infection N IgG during the BA.1/2 wave. (C) Pre- 
infection versus post-infection S IgG during the BA.4/5 wave. (D) Pre-infection versus post-infection N IgG during the BA.4/5 wave. Horizontal dotted lines indicate 
S IgG and N IgG assay limits of detection. The statistical analysis was performed using the Mann–Whitney U -test, with P < 0.05 considered significant. 

Table 3 

Antibody details of 12 previously infected individuals a . 

Omicron wave Pre-infection S IgG 
(BAU/ml) 

Post-infection S IgG 
(BAU/ml) 

Pre-infection N IgG 
(index) 

Post-infection N IgG 
(index) 

Time from infection to 
antibody testing (days) 

BA.1/2 680 4593 1.02 10.45 19 
BA.1/2 73 3830 0.01 2.22 16 
BA.1/2 200 1607 0.51 10.33 30 
BA.1/2ˆ 48ˆ 35ˆ 0.14ˆ 0.12ˆ 28 
BA.1/2# 2692# 51 651# 2.14# 3.00# 50 
BA.1/2 2117 8576 1.69 3.28 36 
BA.4/5 3783 3803 0.83 3.26 79 
BA.4/5 ∗ 1999 ∗ 1474 ∗ 0.11 ∗ 6.77 ∗ 62 
BA.4/5 446 3636 0.32 2.28 9 
BA.4/5 979 1716 0.16 9.79 97 
BA.4/5 3458 10 838 2.07 4.01 37 
BA.4/5 197 1430 1.59 4.09 36 

S, spike; N, nucleocapsid; BAU, binding antibody units. 
a Of the two individuals who did not have a post-infection increase in S IgG, one (ˆ) also did not have an increase in N IgG, while the other ( ∗ ) had an increase 

in N IgG. One individual (#) had an increase in S IgG, but N IgG did not increase by ≥ 1.4. 
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gG). For the one sequenced Delta variant, S IgG was 6522 BAU/ml and
 IgG was 5.7. 

From their participation in the ongoing post vaccine longitudinal
tudy [8] , 27 confirmed Omicron-infected individuals had antibody lev-
ls tested prior to their infection (26–183 days from time of infection to
ime of antibody testing, median 97 days). Post-infection S IgG (9796 ±
252 BAU/ml) was 6.6-fold higher ( P < 0.001) than pre-infection levels
1294 ± 302 BAU/ml) ( Figure 1 A), and post-infection N IgG (3.7 ± 0.5)
as 19.1-fold higher ( P < 0.001) than pre-infection levels (0.2 ± 0.1)
 Figure 1 B). 

During the BA.4/5 wave, 49 individuals were identified in the longi-
udinal vaccine antibody study who tested positive for SARS-CoV-2 by
CR ( n = 17) or rapid antigen testing ( n = 32). All 49 individuals had
re-infection antibody data (6–96 days from time of infection to time
f antibody testing, median 34 days). Post infection, S IgG increased
.6-fold from 1771 ± 351 BAU/ml to 8224 ± 943 BAU/ml ( P < 0.001)
 Figure 1 C) and N IgG levels increased 13.5-fold from 0.22 ± 0.1 to 3.2
279 
 0.3 ( P < 0.001) ( Figure 1 D). Post-infection S IgG levels for the BA.1/2
ave were 1.4-fold higher than the BA.4/5 wave levels ( P = 0.01), but

he post-infection N IgG levels did not differ significantly between the
wo waves ( P > 0.05). 

Spearman’s correlation test was performed to determine whether
ost-infection S IgG levels correlated with post-infection N IgG levels
or both Omicron waves. There was no correlation between S IgG levels
nd N IgG levels post infection for the BA.1/2 wave or for the BA.4/5
ave ( r = 0.38, P = 0.053 and r = 0.08, P = 0.57, respectively). 

It was next investigated whether participants who had SARS-CoV-
 infections prior to their Omicron infection responded differently in
erms of S IgG compared to infection-naïve participants. Of the 99 par-
icipants (from both Omicron waves) who had pre- and post-Omicron
nfection antibody data, 12 (six in each wave) had a SARS-CoV-2 in-
ection prior to enrolling in this study. Ten of 12 (83.3%) previously
nfected individuals compared to 85 of 87 (97.7%) naïve individuals
ad increased S IgG post Omicron infection ( P = 0.02, Chi-square). Dur-
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ng the BA.1/2 wave, post-infection S IgG levels did not differ signifi-
antly between previously infected (11 715 ± 8075 BAU/ml) and naïve
11 645 ± 877 BAU/ml) participants ( P = 0.99). The difference in N
gG levels between previously infected (4.9 ± 1.8) and infection-naïve
3.1 ± 0.2) participants was also not significant ( P = 0.053). During
he BA.4/5 wave, post-infection S IgG levels did not differ significantly
etween previously infected (3816 ± 1471 BAU/ml) and naïve (8840
 1024 BAU/ml) participants ( P = 0.08) . However, N IgG levels were
ignificantly higher in previously infected participants (5.0 ± 1.1) com-
ared to infection-naïve participants (2.9 ± 0.3) ( P = 0.02) . These sta-
istical comparisons might not be representative of a larger population
iven the small sample size of the previously infected populations (six
or each wave). 

The sensitivity of N IgG in detecting Omicron infections was evalu-
ted. Among the 171 individuals in the study, 134 (78.4%) had post-
nfection positive N IgG. The sensitivity increased to 88.5% (77/87)
hen tested 14–60 days post infection. Among the 159 infection-
aïve individuals, sensitivity was 77.4%. The sensitivity increased to
8% (66/75) when tested 14–60 days post infection. Among the 12
reviously infected individuals, four had pre-infection positive N IgG
nd three of these four (75%) had an increase of ≥ 1.4 (S/C in-
ex) post infection. Eight had pre-infection N IgG < 1.4 index and
even of these eight (87.5%) seroconverted. Table 3 shows pre-
nd post-infection S and N IgG data for the 12 previously infected
ndividuals. 

A subset of 35 participants during the BA.1/2 wave and 38 partic-
pants during the BA.4/5 wave had their post-infection plasma tested
ith the Panbio lateral flow anti-S antibody assay. All 73 samples were
ositive on the Panbio assay. The S IgG for these participants ranged
rom 613 BAU/ml to 54 175 BAU/ml. 

. Discussion 

We previously reported that vaccinated individuals infected during
he Omicron BA.1/2 wave had significantly higher S IgG (8304 BAU/ml)
han individuals infected prior to the Omicron BA.1/2 wave (3740
AU/ml) [8] . The current study showed that sequence-confirmed Omi-
ron BA.1 infections led to high levels of S IgG (11 908 BAU/ml), sup-
orting the previously reported observation of high post-infection S
gG in presumed Omicron-infected individuals. This study demon-
trated a 6.6-fold increase in S IgG after infection, which was also
bserved during the BA.4/5 wave, where mean S IgG levels in-
reased 3.6-fold after infection. Importantly, 97.7% and 83.3% of naïve
nd previously infected individuals, respectively, had increased post-
micron infection S IgG levels. These data demonstrate that the Ab-
ott S IgG assay detects large increases in antibodies after Omicron
ARS-CoV-2 infections despite the multiple spike mutations [1] in the
ubvariants. 

Post-Omicron infection positive N IgG was detected with a sensitiv-
ty of 77.4% (88% when tested 14–60 days post infection) among the
nfection-naïve vaccinated individuals. These findings are similar to a
reviously reported sensitivity of 84% in 37 infection-naïve unvacci-
ated individuals [3] . N IgG increases of ≥ 1.4 index in 10 out of 12
reviously infected individuals were detected. Due to 68% [11] of the
opulation in the United States being vaccinated, it is believed that the
tudy results are more relevant than those reported in previous publica-
ions focusing on unvaccinated individuals [2 , 3 , 12] . 

Study limitations include a limited study size with a single cohort of
articipants. This cohort was of low demographic diversity and thus the
esults cannot be generalized to male individuals and non-White popu-
ations. Viral samples during the Omicron BA.4/5 wave were not avail-
ble for sequencing; however, during this time > 75% of Chicago area
6] SARS-CoV-2 cases were Omicron BA.4/5. Another limitation is the
ow percentage (12%) of previously infected participants; thus, statis-
ical comparisons between previously infected and naïve cohorts could
ot be conducted. Although all 72 post-infection plasma samples tested
280 
ositive with the qualitative Panbio rapid test, it cannot be determined
hether the test detected new antibodies from the Omicron infections,
ecause all participants were vaccinated and had anti-S antibodies prior
o infection. 

This work demonstrates that previous observations of reduced an-
ibody detection among vaccine/infection-naïve individuals who were
nfected with Omicron [2 , 3 , 12] might not extend to vaccinated individu-
ls with breakthrough infections. For vaccinated individuals, the results
emonstrate that the Abbott SARS-CoV-2 S IgG (when pre-infection lev-
ls are available) and N IgG assays are useful for the detection of Omi-
ron infections. 
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