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Prevalence and Durability of SARS-CoV-2 Antibodies
Among Unvaccinated US Adults

by History of COVID-19

As of December 28, 2021, approximately 27% of the US popu-
lation was unvaccinated against SARS-CoV-2,! yet the preva-
lence of natural immunity remains unknown. Blood donor
studies may have selection bias and lack clinical information.?
Previous COVID-19 infection is a possible surrogate for natu-
ral immunity, but 1 study suggested that 36% of COVID-
recovered individuals are serologic nonresponders.> Even
among individuals who develop antibodies, durability of this
response beyond 6 months remains unknown. We character-
ized natural immunity and long-term durability among un-
vaccinated individuals using anti-spike antibodies, the first line
of defense against SARS-CoV-2.

Methods | Healthy adults who reported no SARS-CoV-2 vacci-
nation were recruited via 1 public Twitter post and 1 public
Facebook advertisement between September 11, 2021, and
October 8, 2021. Participants completed an online question-
naire about demographics, COVID-19 status, and mask use.
Using weighted random sampling (relative weights based on
the estimated unvaccinated US population by age, race and eth-
nicity, and education'), we created 3 equally sized sample
groups among those who reported a test-confirmed COVID-19
infection (“COVID-confirmed”), who believed they had
COVID-19 but were never tested (“COVID-unconfirmed”), and
who did not believe they ever had COVID-19 and never tested
positive (“no-COVID”). These groups were invited to un-
dergo antibody testing at LabCorp facilities nationwide.
Qualitative detection of antibodies against the SARS-
CoV-2 antinucleocapsid (N) protein (positive cutoffindex >1.0)
and semiquantitative detection of antibodies against the

Table. Population Characteristics and Antibody Result Stratified by COVID-19 Diagnosis,

Confirmed or Suspected

No. (%)

COVID-19 infection

Believes never

Total, No. (%)  Confirmed Unconfirmed had COVID-19 P value®
No. 816 295 275 246
Age, median (IQR), y 48 (37-59) 47 (37-59) 48 (37-58) 49 (38-62) .49
Men 395 (48) 140 (47) 132 (48) 123 (50)
.83
Women 421 (52) 155 (53) 143 (52) 123 (50)
Race”
African American/Black 12 (2) 4(1) 7 (3) 1(0.4)
Asian 35(4) 16 (5) 12 (4) 7(3)
.01
White 669 (82) 228 (77) 221 (80) 220 (89)
Other 100 (12) 47 (16) 35(13) 18 (7)
Hispanic ethnicity® 106 (13) 43 (15) 39 (14) 24 (10) .40
Attended college 518 (64) 179 (61) 162 (59) 177 (72) .004
Mask use
Routinely 114 (14) 53(18) 28(10) 33(13) Abbreviation: RBD, receptor-binding
Sometimes 214 (30) 103 (35) 76 (28) 68 (28) domain.
<.001 an2 .
Rarely 355 (44) 117 (40) 122 (44) 116 (47) A X’ test was used for categorical
variables (Fisher exact test for rare
Never 100 (12) 22(8) 49 (18) 29(12) outcomes) and a Wilcoxon rank sum
Nucleocapsid-positive© 440 (54) 280 (95) 138 (50) 22 (9) <.001 test for continuous variables.
Anti-RBD-positive 471 (58) 293 (99) 152 (55) 26 (11) <.001 ®Race and ethnicity data were
- - - collected to perform weighted
Qntélgl;:éi(:cap5|d/ant|-RBD 779 (95) 248 (96) 219(92) 215 (98) <.001 random sampling among the 3
gr. groups for antibody testing.
Anti-RBD, U/mL¢ Participants could select from
Median (IQR) 158 (52-499) 205 (61-535)  131(35-402)  82(19-172)  .005 predefined categories of African
American/Black, Asian, White, or
2250 185 (23) 129 (44) 50 (18) 6(2) <.001 other. Ethnicity was self-reported.
>500 117 (14) 79 (27) 33(12) 5(2) <.001 Participants could select among
predefined categories of
>1000 63 (8) 43 (15) 16 (6) 4(2) <.001

Days since COVID-19
diagnosis, median (IQR)©

261 (56-387)

Hispanic/Latino yes/no.

€ Among participants with positive
titers.
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Figure. Anti-Spike RBD Levels by Time Since COVID-19 Diagnosis
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Anti-receptor-binding domain (RBD) levels did not differ by months since
COVID-19 diagnosis (0.8% increase [95% Cl, -2.4% to 4.2%] per month;

P = .62). Data markers indicate individual anti-RBD titers; solid orange curve
with shaded area, linear regression with 95% confidence range.

SARS-CoV-2 spike protein receptor-binding domain (RBD)
(positive cutoff >0.8 U/mL) were performed (Elecsys; Roche
Diagnostics International Ltd). Various cutoffs are reported
(=250 U/mL, =500 U/mL, 1000 U/mL) based on reported as-
sociations with neutralization.*

Population characteristics were compared using x> test
for categorical (Fisher exact test for rare outcomes) and
Wilcoxon rank sum test for continuous variables. We used
linear regression to analyze the association between time
after infection and log antibody titer. The threshold for sta-
tistical significance was P < .05 (2-sided). All analyses were
performed using Stata 17.0/SE (StataCorp). The study was
approved by the Johns Hopkins institutional review board.
Participants provided electronic informed consent.

Results | Of 1580 individuals invited to undergo serologic test-
ing, 816 (52%) did so between September 24, 2021, and
November 5, 2021. Participants had a mean age of 48.0 years,
421 (52%) were women, and 669 (82%) were White (Table).
Fourteen percent reported routine mask use in public.
Anti-RBD and anti-N antibody presence/absence were corre-
lated (95%; Cohen k=0.908).

Among 295 reported COVID-confirmed participants, 293
(99%) tested positive for anti-RBD antibodies (=250 U/mL,
44%; >500 U/mL, 27%; >1000 U/mL, 15%). A median of 8.7
(IQR, 1.9-12.9; range, 0-20) months passed since reported
COVID-19 diagnosis. The median anti-RBD level among those
who tested positive was 205 (IQR, 61-535) U/mL. There was
no evidence of association between time after infection and
antibody titer (0.8% increase [95% CI, -2.4% to 4.2%] per
month; P = .62) (Figure).

Among 275 reported COVID-unconfirmed participants, 152
(55%) tested positive for anti-RBD antibodies (=250 U/mL, 18%;
>500 U/mL, 12%; >1000 U/mL, 6%). The median level among
those who tested positive was 131 (IQR, 35-402) U/mL.

Among 246 reported no-COVID participants, 11% tested
positive for anti-RBD antibodies (=250 U/mL, 2%; =500 U/mL,
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2%; >1000 U/mL, 2%). The median level among those who
tested positive was 82 (IQR, 19-172) U/mL.

Discussion | In this cross-sectional study of unvaccinated
US adults, antibodies were detected in 99% of individuals
who reported a positive COVID-19 test result, in 55% who
believed they had COVID-19 but were never tested, and in
11% who believed they had never had COVID-19 infection.
Anti-RBD levels were observed after a positive COVID-19
test result for up to 20 months, extending previous 6-month
durability data.’

Study limitations include lack of direct neutralization
assays, the fact that antibody levels alone do not directly
equate to immunity,*® the cross-sectional study design, a
convenience sample with an unknown degree of selection
bias due to public recruitment, self-reported COVID-19 test
results, the study population being largely White and
healthy, and lack of information on breakthrough infec-
tions. Participants were given only 1 month to complete
antibody testing, which may have contributed to the 52%
rate among those invited to test.

Although evidence of natural immunity in unvaccinated
healthy US adults up to 20 months after confirmed COVID-19
infection is encouraging, it is unclear how these antibody lev-
els correlate with protection against future SARS-CoV-2 infec-
tions, particularly with emerging variants. The public health
implications and long-term understanding of these findings
merit further consideration.

Jennifer L. Alejo, MD
Jonathan Mitchell, MBBS
Amy Chang, MD

Teresa P. Y. Chiang, MD, MPH
Allan B. Massie, PhD, MHS
Dorry L. Segev, MD, PhD
Martin A. Makary, MD, MPH

Author Affiliations: Department of Surgery, Johns Hopkins University School
of Medicine, Baltimore, Maryland.

Accepted for Publication: January 26, 2022.
Published Online: February 3, 2022. doi:10.1001/jama.2022.1393

Corresponding Author: Dorry L. Segev, MD, PhD, Department of Surgery,
Epidemiology Research Group in Organ Transplantation, Johns Hopkins Medical
Institutions, 2000 E Monument St, Baltimore, MD 21205 (dorry@jhmi.edu).

Author Contributions: Dr Alejo had full access to all the data in the study and
takes responsibility for the integrity of the data and the accuracy of the data
analysis. Drs Segev and Makary contributed equally as senior authors.
Concept and design: Alejo, Mitchell, Chang, Segev, Makary.

Acquisition, analysis, or interpretation of data: Alejo, Mitchell, Chang, Chiang,
Massie, Segev.

Drdfting of the manuscript: Alejo, Mitchell, Chang, Chiang, Segev.

Critical revision of the manuscript for important intellectual content: All authors.
Statistical analysis: Alejo, Mitchell, Chang, Chiang, Segev.

Obtained funding: Mitchell, Segev, Makary.

Administrative, technical, or material support: Alejo, Chang, Chiang, Segev.
Supervision: Massie, Segev, Makary.

Conflict of Interest Disclosures: Dr Alejo reported receiving a grant from the
National Institute of Diabetes and Digestive and Kidney Diseases (NIDDK)
(T32DK007713). Dr Mitchell reported receiving a grant from the American
Society of Transplant Surgeons Jon Fryer Resident Scientist Scholarship.

Dr Chang reported receiving a grant from the NIDDK (T32DK007732).

Dr Massie reported receiving grants from the NIDDK. Dr Segev reported

jama.com

© 2022 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwor k.com/ by Jose R L oayssa on 12/06/2022


https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2022.1393?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2022.1393
mailto:dorry@jhmi.edu
http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2022.1393

receiving consulting and speaking honoraria from Sanofi, Novartis, CLS Behring,
Jazz Pharmaceuticals, Veloxis, Mallinckrodt, Thermo Fisher Scientific,
AstraZeneca, and Regeneron and receiving grants from the NIDDK and the
National Institute of Allergy and Infectious Diseases. No other disclosures were
reported.

Funding/Support: This work was supported by charitable donations from the
Ben-Dov family.

Role of the Funder/Sponsor: The Ben-Dov family had no role in the design and
conduct of the study; collection, management, analysis, and interpretation of
the data; preparation, review, or approval of the manuscript; and decision to
submit the manuscript for publication.

Additional Contributions: We thank the following individuals for their
assistance with this study, none of whom were compensated for their
contributions: Aura T. Abedon, BS, Jake Kim, BS, Alexa A. Jefferis, BS, and
Carolyn N. Sidoti, BS (Department of Surgery, Johns Hopkins School of
Medicine), for data collection and study coordination; and Daniel S. Warren,
PhD (Department of Surgery, Johns Hopkins School of Medicine), William A.
Werbel, MD (Department of Medicine, Johns Hopkins School of Medicine), and
Macey L. Levan, JD, PhD (Department of Acute and Chronic Care, Johns
Hopkins School of Nursing, and Department of Surgery, Johns Hopkins School
of Medicine), for administrative and scientific support.

1. USAFacts. Secondary US coronavirus vaccine tracker 2021. Accessed
December 28, 2021. https://usafacts.org/issues/coronavirus/

2. Jones JM, Stone M, Sulaeman H, et al. Estimated US infection- and
vaccine-induced SARS-CoV-2 seroprevalence based on blood donations, July
2020-May 2021. JAMA. 2021;326(14):1400-1409. doi:10.1001/jama.2021.15161
3. Liu W, Russell RM, Bibollet-Ruche F, et al. Predictors of nonseroconversion
after SARS-CoV-2 infection. Emerg Infect Dis. 2021;27(9):2454-2458. doi:10.
3201/eid2709.211042

4. Gilbert PB, Montefiori DC, McDermott AB, et al; Immune Assays Team;
Moderna Inc Team; Coronavirus Vaccine Prevention Network
(CoVPN)/Coronavirus Efficacy (COVE) Team; US Government (USG)/CoVPN
Biostatistics Team. Immune correlates analysis of the mRNA-1273 COVID-19
vaccine efficacy clinical trial. Science. 2022;375(6576):43-50. doi:10.1126/
science.abm3425

5. Israel A, Shenhar Y, Green |, et al. Large-scale study of antibody titer decay
following BNT162b2 mRNA vaccine or SARS-CoV-2 infection. Vaccines (Basel).
2021;10(1):64. doi:10.3390/vaccines10010064

6. Lustig, Sapir E, Regev-Yochay G, et al. BNT162b2 COVID-19 vaccine and
correlates of humoral immune responses and dynamics: a prospective,
single-centre, longitudinal cohort study in health-care workers. Lancet Respir Med.
2021;9(9):999-1009. doi:10.1016/52213-2600(21)00220-4

Durability of Anti-Spike Antibodies in Infants

After Maternal COVID-19 Vaccination

or Natural Infection

COVID-19 vaccination in pregnancy generates functional anti-

spike (anti-S) IgG antibodies in maternal circulation that are

detectable in umbilical cord blood at birth and can protect new-

borns and infants from COVID-19.1* Anti-S IgG titers in the um-
bilical cord are correlated with

pplemental content maternal titers and are high-
est after late second and early

third trimester vaccination.?* We characterized the persis-

tence of vaccine-induced maternal anti-S IgG in infant blood

and compared persistence of infant anti-S IgG after maternal

vaccination vs natural infection.

Methods | The study included individuals who had received
an mRNA COVID-19 vaccine in pregnancy or were infected
with SARS-CoV-2 at 20 to 32 weeks’ gestation, had enrolled in
a prospective study at 2 academic medical centers in Boston,
and had enrolled their infants in this follow-up study con-
ducted from July 21, 2021, to October 22, 2021. Individuals
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vaccinated or infected at 20 to 32 weeks’ gestation were
enrolled because previous studies have demonstrated supe-
rior transplacental transfer of antibodies during this window
compared with vaccination closer to delivery.*:> Those
infected before vaccination were excluded. Matched ma-
ternal and umbilical cord serum samples were collected at
birth. Infant capillary serum samples were collected via
microneedle device at 2 months after birth for infants of vac-
cinated mothers and at 6 months for infants of mothers who
were vaccinated and mothers who had been infected with
SARS-CoV-2. Antibody titers against the SARS-CoV-2 spike
protein were quantified using an enzyme-linked immunosor-
bent assay (eMethods in the Supplement). Differences in
titers between vaccinated and infected groups at delivery
and 6-month infant age were assessed by the Mann-Whitney
U test. Differences in proportions of infants with detectable
antibodies at 6 months were assessed by the Fisher exact
test. Correlation between delivery titers and infant antibody
was assessed via the Spearman rank test. Analyses were con-
ducted using Prism version 9.0. Significance was defined as a
2-sided P < .05. The study was approved by the Mass General
Brigham institutional review board, and all participants pro-
vided written informed consent.

Results | Seventy-seven vaccinated pregnant mothers and 12
with symptomatic SARS-CoV-2 infection in pregnancy werein-
cluded (Table). At 2 months, capillary serum samples were col-
lected from 49 infants of vaccinated mothers; at 6 months,
serum samples were collected from 28 infants of vaccinated
mothers (mean, 170 days after birth) and 12 infants of in-
fected mothers (mean, 207 days after birth).

Vaccinated mothers had significantly higher titers at de-
livery, with a mean of 2.03 (SD, 0.47) optical density (OD,50.570),
compared with mothers after infection, with a mean of 0.65
(SD, 0.76) OD 450570 (P < .001). Similarly, the respective mean
cord titers were higher after vaccination vs natural infection:
2.17(SD, 0.50) OD450.570 Vs 1.00 (SD, 0.83) OD 450570 (P < .001)
(Figure). Among infants of vaccinated mothers at 2 months,
98% (48 of 49) had detectable anti-S IgG. The mean titer at 2
months was 1.29 (SD, 0.53) OD,4s0.570, Which was correlated
with both maternal (r = 0.55; P < .001) and cord titers (r = 0.43;
P =.01) at delivery.

Vaccination resulted in significantly greater antibody
persistence in infants than infection. At 6 months, 57% (16 of
28) of infants born to vaccinated mothers had detectable
antibodies (Table) compared with 8% (1 of 12) of infants born
to infected mothers (P = .005). Titers were a mean of 0.33
(SD, 0.46) OD450.570 among infants of vaccinated mothers
and O (SD, 0.01) OD,s0.5,0 among infants of infected mothers
(P = .004) (Figure). Neither maternal (P = .23) nor cord
(P = .05) titers were significantly correlated with infant anti-S
titers at 6 months, largely because 43% of infants had no
detectable titer at that time.

Discussion | This study found that the majority of infants born
to COVID-vaccinated mothers had persistent anti-S antibod-
ies at 6 months compared with infants born to mothers with
SARS-CoV-2 infection. Understanding the persistence of
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