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Abstract

Objective: Obesity is a major risk factor for severe disease in COVID-19, with

increased hospitalization, intensive care unit admission, and mortality. This increased

impact of COVID-19 in people with obesity (PWO) is likely driven, in part, by the

well-described obesity-induced immune dysregulation. Obesity has also been associ-

ated with impaired immune memory in many settings, including weakened responses

to hepatitis B, tetanus, rabies, and influenza vaccination. Recently, it was reported

that PWO who have COVID-19 have reduced IgG antibody titers with defective neu-

tralizing capabilities. However, it remains unknown whether PWO generate durable

T cell immunity to SARS-CoV-2.

Methods: This study investigated SARS-CoV-2-specific T cell responses in a cohort

of 40 patients (n = 20 PWO and n = 20 matched control individuals) who had recov-

ered from COVID-19. T cell (CD4+, CD8+) cytokine responses (IFNγ, TNFα) to

SARS-CoV-2 peptide pools (spike, membrane) were determined using multicolor flow

cytometry.

Results: Circulating T cells specific for SARS-CoV-2 were readily detected in the total

cohort. PWO displayed comparable levels of SARS-CoV-2 spike- and membrane-

specific T cells, with both T cell subsets responding.

Conclusions: These data indicate that PWO who survive COVID-19 generate robust

and durable SARS-CoV-2-specific T cell immunity that is equivalent to that seen in

those without obesity.

INTRODUCTION

From an early stage in the COVID-19 pandemic, it has been clear

that people with obesity (PWO) have an increased risk of severe

disease [1, 2]. This has been observed across multiple studies,

with one meta-analysis demonstrating PWO to have a 113%

increased risk of hospitalization, a 74% increased risk of intensive

care unit admission, and 48% higher mortality [1]. The publication

of such studies continues to enhance our understanding of the

acute course of SARS-CoV-2 in PWO. In contrast, little is known

regarding immune memory following infection in this vulnerable

population.
Andrew E. Hogan and Donal O'Shea are joint senior authors.

Received: 13 April 2022 Revised: 30 May 2022 Accepted: 19 June 2022

DOI: 10.1002/oby.23526

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any

medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.

© 2022 The Authors. Obesity published by Wiley Periodicals LLC on behalf of The Obesity Society (TOS).

Obesity (Silver Spring). 2022;30:1927–1931. www.obesityjournal.org 1927

https://orcid.org/0000-0003-2577-9519
https://orcid.org/0000-0001-5875-230X
mailto:andrew.e.hogan@mu.ie
http://creativecommons.org/licenses/by-nc-nd/4.0/
www.obesityjournal.org


Our knowledge of immune memory in PWO from other settings

provides substantial foundation for concern. Influenza vaccination is

an important example of this. A study by Sheridan et al. published in

2012 looked at PWO and control individuals following influenza vac-

cination. They showed PWO to have significantly lower frequencies

of antigen-specific CD8+ T cells and significantly greater declines in

antibody titers at 12 months post-vaccination [3]. Deficiencies in

immune memory in PWO following vaccination have been observed

in multiple other settings, including rabies [4] and hepatitis B vaccina-

tion [5].

In the general population, SARS-CoV-2-specific T cells have been

shown to have an important protective role against severe disease in

acute COVID-19 [6–8]. Furthermore, T cell memory to SARS-CoV-2

has been demonstrated to be durable in large longitudinal cohorts [9,

10] out to at least 15 months post-infection [11]. The aim of this

study was to evaluate whether adults (aged ≥ 18 y) with obesity (body

mass index [BMI] ≥ 30.0 kg/m2) who have a history of SARS-CoV-2

infection demonstrate poorer antigen-specific T cell immunity com-

pared with control individuals.

METHODS

Study cohorts and ethical approval

We performed a cross-sectional analysis of a multicenter cohort

study looking at SARS-CoV-2-specific CD8+ and CD4+ cell

responses 3 to 9 months following polymerase chain reaction

(PCR)-confirmed infection. A total of 40 volunteers (20 adults with

obesity [BMI ≥ 30] and 20 matched control individuals [BMI < 30])

were included. Samples were collected from September to

December 2020. Patients were included if they were aged

≥18 years, were able to provide informed consent, and had PCR-

confirmed SARS-CoV-2 infection 3 to 9 months previously. Exclu-

sion criteria included treatment with certain classes of immunosup-

pressive medications within the preceding 3 months, obesity

induced by other endocrine disorders, lymphoproliferative disorder,

and any active illness or medication which, in the opinion of the

investigator, precluded participation. Patients were drawn from the

All-Ireland Infectious Disease and Obesity Immunology Group

cohort studies. All patients were provided written, informed con-

sent. The study was conducted in accordance with the Declaration

of Helsinki, and ethical approval was granted by the St. Vincent’s

Hospital Group Research Ethics Committee.

Preparation of peripheral blood mononuclear cells and
flow cytometric analysis

Peripheral blood mononuclear cells were isolated by centrifugation of

whole blood through density gradient media (Lymphoprep). Cells were

suspended in cell cryopreservation media and stored in a �70 �C

freezer. Thawed peripheral blood mononuclear cells were stimulated

with SARS-CoV-2 spike peptide pools (Miltenyi PepTivator SARS-

CoV-2). After 4 hours, protein transport inhibitor (eBioscience) was

added to each well, and samples were incubated at 37 �C for a further

12 hours.

After incubation, cells were centrifuged, resuspended in flow

cytometry buffer, then stained for cell surface markers (CD3, CD4,

CD8). Following staining, live cells were fixed and permeabilized and

intracellular cytokine staining (interferon γ [IFNγ], tumor necrosis

T AB L E 1 Participant characteristics

People with
obesity

Control
individuals

Total number (%) 20 (50) 20 (50)

Age (y), mean (SD) 49.0 (13.1) 49.2 (17.6)

Male 11 (55) 12 (60)

BMI, median (IQR) 38.5 (34.1-44.7) 23.6 (22.1-26.3)

Days from symptom onset,

mean (SD)

179 (40.2) 181 (55.7)

Hypertension 12 (60) 6 (30)

Type 2 diabetes mellitus 3 (15) 3 (15)

Asthma 4 (20) 3 (15)

COPD 1 (5) 1 (5)

Chronic kidney disease 1 (5) 0 (0)

Admitted to hospital 6 (30) 7 (35)

Note: Data are presented as n (%) unless otherwise stated.

Abbreviation: COPD, chronic obstructive pulmonary disease.

Study Importance

What is already known?

• Obesity is strongly associated with poorer outcomes with

severe COVID-19.

• People with obesity (PWO) display defective immune

memory following infection or vaccination against H1N1

influenza.

What does this study add?

• Following recovery from COVID-19, PWO generate

robust SARS-CoV-2-specific T cell immunity comparable

with control individuals without obesity.

How might these results change the direction of

research or the focus of clinical practice?

• This study suggests that, following recovery from

COVID-19, PWO may no longer represent a major at-risk

group because of the generation of SARS-CoV-2-specific

T cell immunity.
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factor α [TNFα]) was performed. Multicolor flow cytometry was per-

formed using Attune NxT Flow Cytometer. See gating strategy in Sup-

porting Information Figure S1.

Serologic immunoassay

Immunoglobulin G (IgG) against receptor-binding domain (RBD), spike

1 subunit, spike 2 subunit, and nucleocapsid (Sino Biological, Inc.) was

measured using a serologic immunoassay developed using an electro-

chemiluminescence platform, with consumables from Meso Scale

Diagnostics, LLC (MSD). Biotinylated SARS-CoV-2 RBD, spike 1 subu-

nit, spike 2 subunit, and nucleocapsid were diluted in ChonBlock

enzyme-linked immunosorbent assay (ELISA) buffer (Chondrex, Inc.).

Each was incubated with a different “linker” for 30 minutes. Stop and

coating solutions were added. Serum samples were diluted in ELISA

buffer and incubated for 30 minutes. Detection antibody was added.

Plates were washed and MSD GOLD Read Buffer B added. Analysis was

performed using an MSD plate reader.

Quantification and statistical analysis

Data and statistical analyses were performed using FlowJo version

10.8.1 and GraphPad Prism version 9. The D’Agostino-Pearson test

was used to evaluate whether data were normally distributed.

F I GU R E 1 SARS-CoV-2 spike-specific T cell responses of patients who have recovered from COVID-19. (A-D) Scatterplots showing the
frequencies of T cell subsets (CD8+ or CD4+) in individuals who have recovered from COVID-19 producing cytokines (TNFα, IFNγ) in response to
overnight stimulation with SARS-CoV-2 spike peptide pools, compared with basal levels. (E-H) Frequencies of T cell subsets (CD8+ or CD4+) in
individuals who have recovered from COVID-19 with obesity (PWO) or without obesity (control individuals) producing cytokines (TNFα, IFNγ) in
response to overnight stimulation with SARS-CoV-2 spike peptide pools. (I-L) Frequencies of T cell subsets (CD8+ or CD4+) in individuals who have
recovered from COVID-19 with obesity (PWO) or without obesity (control individuals) producing cytokines (TNFα, IFNγ) in response to overnight
stimulation with SARS-CoV-2 membrane peptide pools. Where bars are present, they denote median. Statistical comparisons across cohorts were
performed with the Wilcoxon test for paired data (panels A-D) and Mann–Whitney U test for unpaired data (panels E-L). Data for (panels E-L) were
background subtracted against negative control. PWO, people with obesity [Color figure can be viewed at wileyonlinelibrary.com]
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Statistical comparisons were performed using the Wilcoxon test for

paired data and the Mann–Whitney U test for unpaired data. Statisti-

cal significance for p values was <0.05. Background subtraction was

used when calculating antigen-specific T cell frequencies.

RESULTS

The clinical characteristics of the cohort are presented in Table 1.

Groups were matched for age, sex, days from symptom onset, and

requirement for hospital admission at the time of infection.

Generation of robust SARS-CoV-2-specific T cell
responses in PWO

Studies have highlighted the generation of robust T cell responses

following SARS-CoV-2 infection. We first confirmed this in our cohort,

finding significant frequencies of SARS-CoV-2-specific CD8+ and CD4+

T cells producing IFNγ in response to spike and membrane peptides

(median CD8+ IFNγ+ frequency following spike stimulation: 0.275%;

interquartile range [IQR]: 0.130%-0.739%; CD4+: 0.051%; IQR 0.013%-

0.075%; Figure 1A-D and Supporting Information Figure S2A-D).

T cells that produce multiple cytokines are known as polyfunc-

tional cells. They are associated with enhanced protection against viral

infections [12]. We observed polyfunctional CD8+ and CD4+ cells

(IFNγ+TNFα+) in response to both spike and membrane peptides

(median CD8+ IFNγ+TNFα+ frequency against spike: 0.114%; IQR:

0.046%-0.365%; CD4+: 0.014%; IQR: 0.004%-0.023%; Figure 1C,D

and Supporting Information Figure S2C-D).

Obesity has been associated with significant immune dysregulation,

including diminished antiviral immunity following infection or vaccina-

tion. We separated our cohort into PWO and control individuals. PWO

were seen to have robust SARS-CoV-2-specific T cell responses, with no

differences in the frequencies of CD8+ and CD4+ T cells producing IFNγ

in response to either spike (Figure 1E,F and Supporting Information

Figure S3) or membrane peptide pools (Figure 1I,J and Supporting Infor-

mation Figure S3). Similarly, frequencies of SARS-CoV-2-specific poly-

functional T cells were the same in people with and without obesity,

whether stimulated by spike (Figure 1G,H) or membrane peptide pools

(Figure 1K,L). Finally, we evaluated humoral immunity in our cohort and

noted comparable responses in PWO when compared with control indi-

viduals (Supporting Information Figure S2E-H).

DISCUSSION

Given the substantially increased risk of severe COVID-19 in PWO,

there is a critical need to properly characterize immunity in this cohort

following both infection and vaccination. We studied persistent

antigen-specific T cell responses and humoral immunity in PWO and

control individuals at 3 to 9 months following PCR-confirmed SARS-

CoV-2 infection. Antigen-specific CD8+ and CD4+ T cells were

readily detected across our cohort (n = 40). Between-group analysis

provides evidence that SARS-CoV-2-specific T cell frequencies are

preserved in PWO compared with control individuals.

Obesity is associated with extensive dysregulation of innate and

adaptive immunity, leading to chronic systemic inflammation and loss of

host protection in many circumstances [13, 14]. Immune memory has

been demonstrated to be impaired in PWO in multiple settings. Weak-

ened antibody responses have been seen following rabies [4], tetanus

[15], and hepatitis B vaccination [5], and impaired antibody and CD8+

cell responses have been seen following influenza vaccination [3].

Immune memory in PWO following SARS-CoV-2 infection is

poorly understood. To date, there has been conflicting evidence

regarding antibody responses. One recent publication reported that,

in the context of acute infection, PWO (n = 15) had dysfunctional

antibody responses, with lower peripheral spike-specific IgG titers,

impaired neutralization, and potentially pathogenic autoimmune anti-

bodies [16]. In contrast, a recent immunoepidemiology study by Nilles

et al. found no difference in peripheral RBD-specific IgG titers or neu-

tralizing capability compared with control individuals [17].

Our study matched PWO and control individuals with samples taken

early in the pandemic. No patients had undergone vaccination. Multicolor

flow cytometry was used. These data show that PWO who survive their

infection have robust antigen-specific T cell responses along both CD8+

and CD4+ cell lines. These data agree with IFNγ ELISpot data from Nillles

et al., which did not detect any significant difference between PWO

(n= 12) and control individuals. The abundant presence of IFNγ-expressing

T cells implies not just antigen recognition but functional capacity to inhibit

viral replication and mobilize the immune response. Polyfunctional T cells

(readily detectable in PWO in our study) have been seen to correlate with

favorable disease evolution and protection in multiple settings [12, 18, 19].

Additionally, PWO were seen to have similar titers of SARS-CoV-2-specific

IgG relative to control individuals. Interestingly, this finding correlates with

observational and case control data, which have demonstrated that obesity

is not associated with an increased risk of recurrent disease [20].

The findings of this study are positive for this vulnerable population

but do have some limitations. Although it is a strength of this study that

the groups are matched across multiple characteristics, including age,

sex, and days from symptom onset, our sample size is limited. However,

to our knowledge, it is the largest cohort to date examining antigen-

specific T cells in PWO following SARS-CoV-2 infection. We welcome

further confirmatory studieswith clinical correlation.

In summary, we measured SARS-CoV-2-specific CD4+ and CD8+

T cell responses in PWO following PCR-confirmed infection, showing

features associated with protective immunity and providing evidence

that antigen-specific T cell frequencies are not impacted by obesity.O
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