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Abstract

Background: COVID-19 has disproportionately affected older adults. Frailty has been associated with impaired vaccine response in other 
vaccine types, but the impact of frailty on mRNA vaccine response is undefined.
Methods: Observational study of adults aged 55 and older from 1 U.S. health care system between January 22, 2021 and September 16, 
2021 with self-reported Moderna or Pfizer COVID-19 mRNA vaccine and an electronic frailty index (eFI) score from their medical record 
(n  =  1  677). Participants’ frailty status was compared with positive antibody detection (seroconversion) following full vaccination and 
subsequent loss of positive antibody detection (seroreversion) using logistic regression models.
Results: Of 1 677 older adults with median (interquartile range) age, 67 (62 and 72) years, and frailty status (nonfrail: 879 [52%], prefrail: 
678 [40%], and frail: 120 [7.2%]), seroconversion was not detected in 23 (1.4%) over 60 days following full vaccination. Frail individuals 
were less likely to seroconvert than nonfrail individuals, adjusted odds ratio (OR) 3.75, 95% confidence interval (CI; 1.04, 13.5). Seroreversion 
was detected in 50/1 631 individuals (3.1%) over 6 months of median follow-up antibody testing. Frail individuals were more likely to 
serorevert than nonfrail individuals, adjusted OR 3.02, 95% CI (1.17, 7.33).
Conclusion: Overall antibody response to COVID-19 mRNA vaccination was high across age and frailty categories. While antibody detection 
is an incomplete descriptor of vaccine response, the high sensitivity of this antibody combined with health-system data reinforce our conclusions 
that frailty is an independent predictor of impaired antibody response to the COVID-19 mRNA vaccines. Frailty should be considered in 
vaccine studies and prevention strategies.
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Older adults have been disproportionately affected by the COVID-
19 pandemic, with higher odds of hospitalization and death even 
among vaccinated individuals (1,2). Two COVID-19 mRNA vac-
cines, BNT162b2 (Pfizer/BioNTech) and mRNA-1273 (Moderna), 
have demonstrated robust protection from infection and severe 
disease outcomes, including in older adults, whom health pol-
icies prioritized in vaccination strategies (2,3). Positive detection 
of antibodies has been correlated with a reduced risk for infection 
(4). However, older adults have lower antibody levels relative to 
young and middle-aged adults following COVID-19 mRNA vaccin-
ation (5,6). Vaccine response in older adults remains incompletely 
understood, in part due to selection criteria excluding frail older 
adults from vaccine trials (7). Evidence from prior vaccine studies, 
including influenza, varicella-zoster, and pneumococcal pneumonia 
have described frailty as a better predictor than chronological age 
for impaired vaccine effectiveness in older adults (8–10).

Frailty is a geriatric syndrome characterized by disproportionate 
vulnerability to adverse health outcomes due to impaired physio-
logical and functional reserve. Additionally, frailty is a reliable pre-
dictor for COVID-19 disease severity (11). Frailty can be measured 
across the population of older adults, with up to 40% of community-
dwelling older adults categorized as frail (11,12). The frailty index 
(FI), which measures the accumulation of health-related deficits to 
categorize frailty with well-defined cutoffs, has been validated as a 
tool in vaccine research in older adults (8–10,12,13). At Wake Forest 
School of Medicine, an electronic frailty index (eFI) score is readily 
available using electronic health record (EHR) data for patients seen 
in the health care system (12).

The continuing COVID-19 pandemic in conjunction with 
waning vaccine-induced immunity emphasizes the importance of 
understanding the impact of frailty on COVID-19 vaccine responses 
in older adults (7–9). We hypothesized that frail individuals would 
have a decreased COVID-19 mRNA vaccine antibody response com-
pared to nonfrail older adults.

Method

This observational study was approved by the Wake Forest School 
of Medicine institutional review board IRB#64912. Written in-
formed consent was obtained via electronic survey. We examined 
data, including self-reported vaccination and subsequent test-verified  
severe acute respiratory coronavirus (SARS-CoV-2) antibodies 
from an existing cohort the COVID-19 Community Research 
Partnership (CRP). The CRP is a health system-based, longitudinal 
serologic surveillance study launched in April 2020. Participants 
were recruited online via email, internal communications, and social 
media. A majority of cohort participants were selected for at-home 
fingerstick dried blood spot cards for antibody testing. Multiple fac-
tors including time of study enrollment and rate of return of com-
pleted antibody tests influenced the number and frequency of test 
results per person. Dried blood spot cards were analyzed at Labcorp 
(Burlington, NC) for IgG antibodies to SARS-CoV-2 spike protein 
via Euroimmun test (Lübeck, Germany). Positive spike protein 
antibody results were reflex tested for SARS-CoV-2 Nucleocapsid 
protein to detect if antibodies were developed from infection via 
Roche test (Basel, Switzerland). Both tests have reported sensitivity 
>90% and specificity >99% (14). Antibody test results were reported 
to the study coordinating site for analysis.

The current analysis is based on data collected between January 
22, 2021 and September 16, 2021. CRP cohort participants from 

1 North Carolina health care system who were 55-years-old or 
greater during the study surveillance period and were fully vaccin-
ated with antibody testing at least 2 weeks following their second 
dose of either Pfizer-BioNTech or Moderna COVID-19 mRNA vac-
cine were included. Serologic data from the CRP was harmonized 
with eFI scores extracted from the study participants’ EHR clinical 
encounters closest in time to vaccination (EPIC Systems, Madison, 
WI). Frailty was categorized using an EHR-based FI, adapted from 
the deficit-accumulation model of frailty (13). The eFI leverages rou-
tine health data, condensing 54 total age-related deficits into a single 
proportion present for each individual (12). Domains include diag-
nosis codes, medications, laboratory studies, biometrics, and func-
tional measurements, with nonfrail (eFI < 0.1), prefrail (0.10 < eFI ≤ 
0.21), and frail (eFI > 0.21).

Study outcomes were odds of nonseroconversion and odds of 
seroreversion. Seroconversion was defined as positive SARS-CoV-2 
spike antibody test results within 60  days following full vaccin-
ation. Seroreversion was defined as individuals with prior posi-
tive spike antibody results, who subsequently developed negative 
spike antibody test results. To account for differential immune re-
sponses following infection, participants with positive SARS-CoV-2 
Nucleocapsid antibody detection at the time of seroconversion were 
excluded from the analysis. Vaccination date was self-reported by 
participants. EHR records for participants with negative spike anti-
body tests were reviewed by a study team physician for criteria 
meeting moderate to severely immunocompromising conditions by 
Centers for Disease Control and Prevention (CDC) definition (15).

Participant data were analyzed with R statistical software ver-
sion 4.1.2 (R Foundation, Vienna, Austria). Outcomes were reported 
using logistic regression with odds ratios for multivariable models 
including frailty category, age, sex, vaccine manufacturer, and time 
since vaccination. Adjusted models used Firth’s correction method. 
Time-dependent seroreversion was also modeled using Cox regres-
sion. Two-sided significance was at p = .05.

Results

In a cohort of n = 1 787 adults aged 55 years and older in the CRP 
with 2 reported mRNA vaccine doses and accessible eFI scores, 
n  =  110 (6.2%) were excluded due to positive nucleocapsid anti-
bodies indicating prior infection. Of the included n  =  1  677 par-
ticipants, 964 (57%) were women, 1  512 (90.2%) were White 
(non-Hispanic/Latino), and 165 (9.8%) were another race/ethnicity. 
Individuals were grouped by frailty category (nonfrail: 879 [52%], 
prefrail: 678 [40%], and frail: 120 [7.2%]), and median age was 
67  years, interquartile range (62 and 72). Older individuals were 
more likely to be categorized as prefrail: median age 69 years and 
frail: median age 72  years (reference age nonfrail category, both 
p < .0001). Among vaccine recipients, 654 (39%) received Moderna 
mRNA-1273 and 1 023 (61%) received Pfizer-BioNTech BNT162b2 
(Table 1).

Seroconversion was not detected in 23 individuals (1.4%). Frail 
individuals were less likely to seroconvert than nonfrail individuals, 
adjusted odds ratio (OR) 3.75, 95% confidence interval (CI; 1.04, 
13.5). Frailty was the only significant variable in the adjusted model 
for seroconversion (p = .043; Table 2). Median time to positive anti-
body detection was 7 days following full vaccination. Those without 
seroconversion received follow up antibody testing for a median of 
167 days, and 14 (60.9%) were immunocompromised by CDC cri-
teria (15).
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Seroreversion was detected in 50/1 631 individuals (3.1%) over 
6 months of median follow-up antibody testing, with no difference 
in follow-up time by frailty category (Figure 1). Frail individuals 
were more likely to serorevert than nonfrail individuals, adjusted 
OR 3.02, 95% CI (1.17, 7.33). Frailty, age, sex, and vaccine manu-
facturer were significantly associated with seroreversion. Among 
the 50 individuals who lost antibody detection, 6 (12%) were im-
munocompromised, and 47 (94%) had received the Pfizer vaccine. 
Seroreversion occurred earlier in frail individuals than nonfrail indi-
viduals, 131 days versus 163 days (p = .049).

Discussion

In this cohort study, we analyzed serologic results from the 
COVID-19 CRP with participants’ eFI scores to describe the re-
lationship between mRNA vaccine response and frailty. Overall 
postvaccine antibody detection was high among all older adults. 
Frailty alone was significantly associated with nonseroconversion, 
while frailty and age were both independently associated with 
seroreversion. Frail individuals experienced seroreversion earlier 
than nonfrail individuals. Pfizer-BioNTech vaccine had higher odds 
of seroreversion compared to Moderna after 2 vaccine doses, which 

Table 2. Seroconversion and Seroreversion Status

 Counts Univariate Regression Adjusted Odds Ratios

Characteristic Antibody Positive* Antibody Negative* OR 95% CI OR 95% CI p Value 

Seroconversion total 1 654 (98.6%) 23 (1.4%)      
Frailty
 Nonfrail 872 (99%) 7 (0.8%) — — — —  
 Prefrail 666 (98%) 12 (1.8%) 2.24 0.90, 6.06 2.1 0.83, 5.73 .12
 Frail 116 (97%) 4 (3.3%) 4.3 1.11, 14.4 3.75 1.04, 13.5 .043
Age (years) 67 (62, 72) 70 (66, 73) 1.04 0.98, 1.10 1.03 0.97, 1.09 .4
Sex        
 Female 951 (99%) 13 (1.3%) — — — —  
 Male 703 (99%) 10 (1.4%) 1.04 0.44, 2.38 0.96 0.42, 2.24 >.9
Race/ethnicity
 White (non-Hispanic/Latino) 1 492 (99%) 20 (1.3%) — — — —  
 Other 162 (98%) 3 (1.8%) 1.38 0.32, 4.08    
Vaccine manufacturer
 Moderna 645 (99%) 9 (1.4%) — — — —  
 Pfizer 1 009 (99%) 14 (1.4%) 0.99 0.43, 2.40 1.03 0.45, 2.49 >.9
Seroreversion total 1 581 (96.9%) 50 (3.1%)      
Frailty
 Nonfrail 843 (98%) 16 (1.9%) — — — —  
 Prefrail 629 (96%) 25 (3.8%) 2.09 1.12, 4.03 1.66 0.86, 3.25 .13
 Frail 109 (92%) 9 (7.6%) 4.35 1.80, 9.90 3.02 1.17, 7.33 .017
Age (years) 67 (62, 72) 74 (72, 78) 1.14 1.10, 1.19 1.12 1.07, 1.17 <.001
Sex
 Female 924 (98%) 18 (1.9%) — — — —  
 Male 657 (95%) 32 (4.6%) 2.5 1.41, 4.58 1.92 1.05, 3.60 .037
Time since full vaccination (days) 153 (115, 176) 156 (127, 174) 1.01 1.00, 1.01 1 1.00, 1.01 .8
Vaccine manufacturer
 Moderna 637 (100%) 3 (0.5%) — — — —  
 Pfizer 944 (95%) 47 (4.7%) 10.6 3.85, 43.7 10.9 3.93, 45.4 <.001

Notes: CI = confidence interval; OR = odds ratio.
*n (%); median (interquartile range).

Table 1. Patient Characteristics

Characteristic Total, N = 1,6771 Non-frail, N = 879 (52%)1 Pre-frail, N = 678 (40%)1  Frail, N = 120 (7.2%)1 

Age (Years) 67 (62, 72) 66 (61, 71) 69 (64, 73) 72 (67, 76)
Sex
 Female 964 (57%) 511 (58%) 388 (57%) 65 (54%)
 Male 713 (43%) 368 (42%) 290 (43%) 55 (46%)
Race/Ethnicity
 White (not Hispanic/Latino) 1,512 (90%) 791 (90%) 612 (90%) 109 (91%)
 Other 165 (9.8%) 88 (10%) 66 (9.7%) 11 (9.2%)
Vaccine Manufacturer
 Moderna 654 (39%) 341 (39%) 255 (38%) 58 (48%)
 Pfizer 1,023 (61%) 538 (61%) 423 (62%) 62 (52%)

1n (%); Median (IQR).
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is consistent with reports of lower antibody titers in older adults 
(5,6). Immunocompromising conditions were highly prevalent in the 
nonseroconversion group, though infrequent in the seroreversion 
group. This suggests confounding from immunocompromise on 
frailty and nonseroconversion but not for seroreversion.

The strengths of this study include examining frailty in a large 
population of community-based older adults using serological sur-
veillance cohort results harmonized with an eFI from health-system 
data. Although the study outcomes were infrequent, the robust per-
formance characteristics of the antibody tests provided accurate 
results with a low false-negative detection rate, 95% CI (0%–5%) 
(14). Furthermore, this study reports novel findings on a relevant 
topic, as even vaccinated frail older adults remain at risk for adverse 
COVID-19 disease-related outcomes (1,11). While COVID-19 vac-
cine response has been examined in frail nursing home populations, 
these studies included smaller populations where frailty was either 
unmeasured or examined with simpler scales (6,16,17).

The limitations of this study include underrepresentation of in-
dividuals at the oldest age range and frail categories in the popula-
tion. The majority of participants were in early-old age with their 
selection influenced by the online methodology of the CRP cohort. 
We previously described frailty but not age in this cohort was sig-
nificantly associated with a lower likelihood of completing at home 
serologic testing, which adversely impacts the inclusion of individ-
uals with frailty (18). While using multivariable regression controlled 
for age and frailty allowing for precise outcome estimates, the inter-
action between age and frailty and small frail category population 
decreased the accuracy of our estimates.

Additionally, it is known that qualitative antibody results to a 
single antigen are an imperfect assessment of immunity, and compre-
hensive analysis of vaccine responses includes T-cell responses and 
antibody binding specificity (4,14,19). When interpreting qualitative 
antibody test results, a negative result does not confer a complete 
lack of protection, rather the amount of antibodies was measured 
below the detection limit. Waning protection after COVID-19 mRNA 
vaccination in uninfected individuals has been well described (20). 
Our findings suggest frail older adults are particularly vulnerable to 
waning vaccine immunity, but further research on the durability of 
COVID-19 vaccine responses and clinical outcomes in frail popula-
tions is needed to test this hypothesis. In addition, we did not study 
the impact of tertiary vaccine booster doses, which became widely 

available after the serological study surveillance period. Although 
impaired vaccine effectiveness in frail individuals has been well de-
scribed, the immunological effects of frailty remain incompletely 
understood, warranting further investigation (7–10).

Conclusion

While antibody detection was high across age and frailty categories 
following vaccination, frailty independently influences impaired 
antibody response to COVID-19 mRNA vaccines in older adults. 
Further studies including clinical outcomes are needed to validate 
whether frailty is predictive of COVID-19 vaccine effectiveness. 
Automated frailty assessment in vaccine research is needed to better 
characterize vaccine responses in older adults.
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