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Abstract
This study aimed to investigate whether a single bout of exercise prior to the homologous booster dose of a
SARS-CoV-2 inactivated vaccine (Sinovac-CoronaVac) could enhance immunogenicity in patients with
dysfunctional immune system. This was a randomized controlled trial (1:1) within a single-arm, phase 4
vaccination trial, conducted in São Paulo, Brazil. Patients with spondyloarthritis assigned to the intervention
group performed an exercise bout comprising three unilateral strength exercises involving eccentric and
concentric contractions. After exercising, patients remained at rest for 1 h prior to vaccination, which was
applied to the exercised arm. The control group remained at rest before vaccination. Immunogenicity was
assessed before (Pre) and one month after (Post) the booster dose using seropositivity rates of total anti-SARS-
CoV-2 S1/S2 IgG, geometric mean titers of anti-S1/S2 IgG (GMT), frequency of NAb positivity, and NAb activity.
Before the booster dose, 16 patients from the exercise group and 16 patients from the control group exhibited
seropositivity for IgG (59% vs. 57.1%), one month after the booster dose, seropositivity occurred in 96% vs.
100% of the cases (p = 0.84, group by time interaction). Only 10 patients from the exercise group and 12
patients from the control group showed positive NAb serology at Pre (37% vs. 42.8%). One month following the
booster, NAb positivity was 96% vs. 93% (p = 0.41, group-by-time interaction). GMT was comparable between
groups at Pre (p > 0.05). At Post, GMT increased similarly in both groups (exercise: 56.9%; control: 57.9%), with
no group-by-time interaction (p = 0.82; estimated mean difference between groups at Post [EMD]: -40.4 UA/mL,
95%CI: -327, 246 UA/mL). Likewise, NAb activity was similar between groups at Pre and increased similarly in
both of them as a result of the booster (47.5% vs. 39.9%), with no group-by-time interaction (p = 0.99; EMD:
-6.19%, 95%CI: -17; 4.6%). In conclusion, a single bout of exercise did not enhance immunogenicity to a
homologous booster dose of an inactivated SARS-CoV-2 vaccine among patients with spondyloarthritis.
Studies assessing exercise as an adjuvant to �rst or second doses remain necessary.

Highlights
We tested the role of exercise as an adjuvant to a booster of a COVID-19 vaccine

Immunocompromised patients were immunized after an acute bout of exercise or not

Patients exhibited an excellent immunogenicity in response to the booster dose

Exercise did not add to the vaccine effects on IgG or neutralizing antibodies

Whether exercise acts as an adjuvant to the �rst/second doses remains unknown

1. Introduction
Immunocompromised individuals generally exhibit lower immunogenicity to SARS-CoV vaccines (Aikawa et al.,
2021; Furer et al., 2021; Geisen et al., 2021; Medeiros-Ribeiro et al., 2021). Regular exercise can enhance the
responses to some vaccines (e.g., in�uenza) in individuals with dysfunctional immune system (Kohut et al.,
2004; Rogers et al., 2008; Woods et al., 2009), an observation recently extended to a SARS-CoV-2 vaccine
(Gualano et al., in press).

Of relevance, a single exercise session has been shown to be su�cient to enhance the humoral and cellular
response to vaccines (Edwards et al., 2012, 2007). This immunoenhancement effect seems to be associated
with the exercise-induced local in�ammatory process, which involves the immediate secretion of cytokines
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(e.g., IL-6), edema, hyperemia, increased vascular permeability, and invasion of immune cells (Edwards et al.,
2010, 2007). However, to our knowledge, this hypothesis has not yet been tested in the context of SARS-CoV
vaccines.

In this exploratory study within a phase 4 vaccination trial, we tested whether a single bout of exercise prior to
the homologous booster dose of a SARS-CoV-2 inactivated vaccine (Sinovac-CoronaVac, the most frequently
administered vaccine worldwide) could enhance immunogenicity in patients with spondyloarthritis (SpA), who
were shown to experience suboptimal vaccine responses following a two-dose vaccination course (Medeiros-
Ribeiro et al., 2021).

2. Experimental Design And Methods
2.1 Participants

This was a randomized controlled trial (1:1) within a single-arm, phase 4 vaccination trial, conducted in a
tertiary hospital in Sao Paulo, Brazil. The main trial was designed to test the effectiveness and safety of
Sinovac-CoronaVac in a large cohort of patients with systemic autoimmune rheumatic diseases
(clinicaltrials.gov #NCT04754698). This substudy was approved by the local ethics committee as an
addendum to the main trial (CAAE: 42566621.0.0000.0068), and all patients agreed to participate by providing
an informed consent. On the basis of feasibility, resources, capacity of research staff and facility, and patients’
availability (Bacchetti, 2010; Bacchetti et al., 2008), we selected 60 consecutive patients with SpA (ankylosing
spondylitis and psoriatic arthritis), diagnosed according to stablished criteria (Linden et al., 1984; Taylor et al.,
2006). These patients had been invited to receive the homologous booster dose of Sinovac-CoronaVac (six
months after the second dose) in the context of the main trial. Eligibility criteria were described elsewhere
(Medeiros-Ribeiro et al., 2021). Speci�cally, for this trial, age < 50 years, current use of methotrexate, and any
health condition precluding exercise were considered exclusion criteria. The randomization list for intervention
(exercise) or control (no exercise) was created using a computer-generated code.

2.2 Experimental design

Patients assigned to the exercise group performed an exercise bout in our intrahospital exercise physiology
laboratory, located at the same medical center where vaccination was administered. The exercise session was
conducted by experienced trainers and was composed of a speci�c warm-up followed by three unilateral
strength exercises using dumbbells (i.e., scapular abduction, elbow �exion and elbow extension) involving
eccentric and concentric contractions. Four sets of 8-12 maximum repetitions (until concentric failure) were
performed for each exercise, interspaced by a 30-s interval. The total duration of the exercise session was
approximately 20 min. After exercising, patients remained at rest for 1 h prior to vaccination (third dose of
CoronaVac – Sinovac Life Sciences, Beijing, China), injected into the exercised arm. The control group
remained at rest for 1 h before vaccination. All patients underwent either the exercise or control conditions and
were vaccinated on a single day (September 18, 2021). As a proxy of exercise-induced local
edema/in�ammation, maximal circumference of the biceps at elbow �exion was measured before and after
exercise using a measuring tape. In addition, muscle soreness of the exercised limb was assessed before and
after 0, 24 and 48 h from the exercise session, using a visual analogue scale ranging from 0 (no pain) to 10
(worst possible pain).
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3. Results
Sixty patients were randomly assigned to either exercise or control groups (n = 30 per group). Three patients in
the exercise group did not receive the booster dose (due to personal reasons), whereas 2 patients in the control
group did not attend the post-vaccination visit to collect blood sample. Therefore, 27 patients in the exercise
group and 28 patients in the control group were included in the analyses. Patients’ main characteristics are
described in Table 1.

2.3 Immunogenicity outcomes

Blood samples (20mL) were collected immediately before (Pre) and approximately 1 month after the third dose
injection (Post) and were stored in a freezer at −70°C. Laboratory staff was blinded to the intervention.
Immunogenicity was assessed using seroconversion rates of total anti-SARS-CoV-2 S1/S2 IgG (considering
values > 15.0 UA/mL), geometric mean titers of anti-S1/S2 IgG (GMT), frequency of positive NAb (inhibition ≥
30%), and NAb activity for the positive samples. GMT and NAb assays were thoroughly described elsewhere
(Gualano et al., in press; Medeiros-Ribeiro et al., 2021).

2.4 Statistical analysis

Generalized Estimating Equations (GEE) models were used to assess possible differences between groups,
assuming �xed effects for group and time, and random effects for patients. Post-hoc tests with Tukey’s
adjustment were performed for multiple pairwise comparisons purposes when necessary. Two exploratory
analyses were conducted. First, sex, disease (ankylosing spondylitis and psoriatic arthritis) and age were used
as covariates in GEE models. Second, GEE models were also used to assess possible differences between
groups for GMT and NAb activity in an exploratory, sensitivity analysis involving only patients who did not
exhibit seropositivity for IgG (exercise: n = 11; control: n = 12) or NAb (exercise: n = 17; control: n = 16) before
the booster dose. Data are expressed as absolute and relative frequencies, or estimated mean difference
between groups at Post (EMD) ± 95% con�dence intervals (95%CI), and relative delta change (%), excepted
otherwise stated. Signi�cance level was previously set at p ≤ 0.05. Analyses were performed in RStudio version
4.02, using the following packages: “geepack”, “stats”, "tydverse”, “emmeans”, “ggplot2” and “ggpubr”.
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Table 1
Main patients’ characteristics in the exercise and control groups

  Exercise (n=27) Control (n=30)

Age, years (mean ± SD) 58.8 ± 5.3 60.8 ± 5.8

Body mass index, kg/m² (mean ± SD) 28.0 ± 8.0 27.1 ± 4.4

Disease duration, years (mean ± SD) 28.6 ±10.7 28.5 ± 11.0

Sex, n (Male/Female) 20/7 20/8

Disease n (%)    

Ankylosing spondylitis 20 (74) 20 (71.4)

Psoriatic arthritis 7 (26) 8 (28.6)

Treatment n (%)    

Biologic therapy* 10 (37.0) 19 (67.8)

Immunosuppressants 4 (15.0) 4 (14.2)

Prednisone 4 (15.0) 1 (3.5)

Comorbidities n(%)    

Arterial hypertension 20 (74.0) 14 (50.0)

Diabetes mellitus 5 (19.0) 11 (39.2)

Chronic renal disease 2 (7.0) 2 (7.1)

IgG positivity, n(%) 16 (59.0) 16 (57.1)

Nab positivity, n(%) 10 (37.0) 12 (42.8)

*Biologic therapy: TNF inhibitor (exercise n = 4; control n = 16), monoclonal antibodies (exercise n = 10;
control n = 17), etanercept (exercise n = 0; control n = 4), adalimumab (exercise n = 3; control n = 7),
in�iximab (exercise n = 1; control n = 5), certolizumab pegol (exercise n = 1; control n = 0);
Immunosuppressants: le�unomide (exercise n = 4; control n = 3), cyclosporin (exercise n = 1; control n = 0).
Note: Sums to more than the patient numbers provided because seven patients were taking more than one
biologic agent.

Biceps muscle circumference was increased immediately after exercise (p < 0.01). Likewise, muscle soreness
was also increased across time (before: 1.1 ± 2.1; immediately after exercise: 2.6 ± 2.8; 24 h: 4.4 ± 2.5; 48 h: 3.5
± 2.5; all p < 0.01 vs. pre-exercise). These data suggest that exercise effectively induced muscle
edema/in�ammation.

At Pre, 16 patients from the exercise group and 16 patients from the control group exhibited similar
seropositivity rates for IgG (59% vs. 57.1%, respectively). One month after the third dose, IgG seropositivity rates
were comparable between groups (96% vs. 100%), with no group-by-time interaction (p = 0.84).

As for NAb positivity, 10 patients from the exercise group and 12 patients from the control group showed
positive serology (37% vs. 42.8%) at Pre. One month following the booster dose, positive serology was similar
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between the two groups (96% vs. 93%), with no group-by-time interaction (p = 0.41).

GMT was comparable between exercise and control groups at Pre (p > 0.05). After the booster dose, GMT
increased similarly in both groups (56.9% vs. 57.9), with no group-by-time interaction (p = 0.82; EMD: -40.4
UA/mL, 95%CI: -327, 246 UA/mL). Likewise, NAb activity was similar between groups at Pre, and it increased
similarly in both of them after the booster (47.5% vs. 39.9%); there was no group-by-time interaction (p = 0.99;
EMD: -6.19%, 95%CI: -17; 4.6%) (Figure 1). Models adjusted by sex, disease (ankylosing spondylitis and
psoriatic arthritis) and age as covariates yielded similar results (data not shown).

In the sensitivity analysis involving only patients who exhibited no seropositivity for IgG and NAb at Pre, similar
increases in GMT (82.2% vs. 92.6%) and Nab activity (66.3% vs. 66.5%) were observed in both groups following
the booster (main effect of time, p < 0.01 for both), with no group-by-time interactions (p = 0.24 and p = 0.50 for
GMT and Nab activity; EMD: -110 UA/mL, 95%CI: -292, 72.5 UA/mL and EMD: -3.1%, 95%CI: -12.2, 5.9%,
respectively).

4. Discussion
The search for strategies able to enhance SARS-CoV-2 vaccine responses is key to countering the pandemic,
particularly for individuals with dysfunctional immune system. Growing evidence now shows that
immunocompromised individuals respond less robustly to different SARS-CoV-2 vaccines (Medeiros-Ribeiro et
al., 2021). This is the case for patients with SpA, which are immune-mediated in�ammatory diseases
characterized by axial and/or peripheral joint in�ammation, as well as extra-articular manifestations. In the
previous phase of this phase 4 trial, a two-dose course of Sinovac-CorovaVac (Medeiros-Ribeiro et al., 2021), a
WHO-approved vaccine that protects against severe cases and mortality of COVID-19 (Jara et al., 2021), led to
a moderate immunogenicity among immunocompromised patients (including those with SpA). In this substudy
within the phase 4 trial, we speculated that an acute exercise session could enhance the responses of the
booster dose in this group, a hypothesis that was refuted by the current �ndings.

There is evidence that physical activity improves immune response to vaccination, particularly in individuals at
risk for immune dysfunction. For instance, studies involving older adults show increased responses to
vaccination in physically active individuals vs. inactive ones, or in those who received an exercise intervention
vs. non-exercised ones (Keylock et al., 2007; Kohut et al., 2004; Pascoe et al., 2014). Recently, we also showed
that among a large cohort of patients with systemic autoimmune rheumatic diseases, those who were
physically active exhibited higher levels of antibodies following two doses of Sinovac-CorovaVac when
compared to inactive individuals (Gualano et al., in press). Next, we tested the immunoenhancement effect of
an exercise session in a subgroup of this cohort (i.e., SpA), on the basis of evidence showing that a single bout
of exercise at the time of vaccination can elicit better immune responses (Edwards et al., 2012). The reason
underlying the null �ndings of the present study may rely in the fact that the immunoenhancement effect of
exercise commonly manifests for antigens eliciting weak immune responses (Edwards et al., 2012; Pascoe et
al., 2014; Ranadive et al., 2013). This notion is well illustrated by the �ndings showing that exercise was able to
enhance the responses to a reduced dose of pneumococcal vaccine, but did not change the responses to the
full dose (Edwards et al., 2012). In addition, a 45-min walk was shown to be immunostimulatory in older



Page 8/11

women who had lower pre-vaccine titers, but not in older men with stronger immune responses (Ranadive et al.,
2013).

To test the hypothesis that patients with weaker immunity would primarily bene�t from the
immunoenhancement effect of exercise, we sub-analyzed the patients with no NAb or IgG seropositivity before
the booster. The results indicated no effect of the intervention, corroborating the lack of immunostimulatory
effects of exercise in this study. It is likely that the booster shot itself resulted in such a robust antibody
response that masked any adjuvant role of exercise. In fact, one month following the booster dose, out of the
55 patients analyzed, only 1 did not exhibit IgG seropositivity, and 3 did not show NAb positivity. This excellent
immunogenicity to the booster may have created a ceiling effect for exercise.

This study has limitations. First, the sample size was relatively low, despite the homogenous characteristics of
the participants. Second, despite the fact that this study investigated diseases that represent the archetype of
immune system dysfunction, the current �ndings cannot be promptly generalized to other conditions affecting
the immune function. Third, as previously discussed, this three-dose schedule resulted in a strong immune
response, which may have masked any enhancement effect of exercise. Studies assessing exercise as an
adjuvant to �rst, second or even booster half-doses are still warranted. Finally, regular exercise may confer
enhanced vaccine responses through distinct mechanisms from those of acute exercise (for a review, see
Pascoe et al., 2014), so that the present �ndings are restricted to the latter model of intervention.

In conclusion, a single bout of exercise did not enhance the excellent immunogenicity in response to a
homologous booster dose of an inactivated SARS-CoV-2 vaccine among immunocompromised patients with
SpA.
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Figure 1

Panel A: IgG positivity rates were comparable between groups before (Pre) and increased similarly in both of
them after the booster (group-by-time interaction, p = 0.84). Panel B: Nab positivity rates were also comparable
between groups at Pre, and it increased similarly in both of them after the booster (group by time interaction, p
= 0.41). Panel C: geometric mean titers of anti-S1/S2 IgG (GMT) were comparable between groups at Pre, and
increased similarly in both of them as a result of the booster (exercise: 56.9%; control: 57.9%), with no group-by-
time interaction (EMD: -40.4 UA/mL, 95%CI: -327, 246 UA/mL, p = 0.82). Panel D: NAb activity was similar
between groups at Pre and increased similarly in both of them after the booster (exercise: 47.5%, control:
39.9%), with no group-by-time interaction (EMD: -6.19%, 95%CI: -17;4.6%, p = 0.99). Data were analyzed using
GEE. Boxplot are expressed as median ± interquartile (minimum; maximum).
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