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ARTICLE INFO ABSTRACT

Keywords: Background: Mental disorders are associated with immune dysregulation as measured by serum levels of bio-
Mental illness logical markers of immunity. Adults with mental disorders have also been reported to have attenuated post
Vaccination vaccine immune response. The COVID-19 pandemic has invited the need to determine whether individuals with
Immune function 1 di hibit diff ial i followi h .. . £ . f h
COVID-19 mental disorders exhibit differential immune response following the administration of vaccines for other
. infections.
Depression . X X
Mood Methods: A systematic search of MEDLINE, Embase, Cochrane, and PsycInfo was conducted from inception to
Disorders May 2021 investigating vaccine response in persons with mental disorders, as measured by biological markers of
Inflammation immunity (i.e., antibodies, cytokines).

Public Health Results: Thirteen articles were identified which evaluated vaccine efficacy in persons with mental disorders.
Individuals with major depressive disorder (MDD) or schizophrenia revealed attenuated immune response to
vaccination, or no statistical difference compared to control subjects. Individuals with anorexia nervosa or post-
traumatic stress disorder (PTSD) displayed no attenuated post-vaccination antibody level. Individuals with
insomnia displayed lower levels of antibodies after vaccination, whereas individuals with obstructive sleep apnea
(OSA) displayed no difference in vaccine response compared to control subjects.

Limitations: The limitations of this review include the relatively few articles included (n = 13) and small sample
sizes (less than thirty subjects) in the majority of articles.

Conclusion: Vaccine response in adults with a mental disorder remains inconclusive. Notwithstanding the het-
erogeneity and relatively small number of studies, available evidence does suggest attenuated immune response
across disparate vaccinations. Future research is required to confirm vaccine efficacy in persons with mental
disorders, especially regarding immune responses to COVID-19 vaccination.

1. Introduction

Approximately 10.7% of individuals worldwide are affected by a
mental disorder (Ritchie and Roser, 2018). Psychological, social, and
biological factors contribute to the incidence and prevalence of common
mental disorders (National Collaborating Centre for Mental Health,
2011). Replicated evidence suggests an attenuation of vaccine response

among individuals with symptoms of mental disorders. For example,
individuals with depressive symptoms have been reported to exhibit an
attenuated post vaccine immune response (Gidron et al., 2005; Lasserre
et al., 2012; Petry et al., 1991; Costanzo et al., 2004). Studies have also
reported attenuated immune response to vaccines in subjects with
higher stress levels (Marsland et al., 2001; Wong et al., 2013; Snyder
et al., 1990; Burns et al., 2003; Smith et al., 2004) and poor quality or
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duration of sleep (Miller et al., 2004; Prather et al., 2012; Lange et al.,
2003; Spiegel et al., 2002), which are both symptoms of common mental
disorders. It is also well documented that individuals with mental dis-
orders exhibit immune dysregulation as measured by natural killer cell
activity, lymphocyte response to mitogen stimulation, and increased risk
of infection (Kronfol, 2002; Andersson et al., 2016). However, these
findings are not fully supported as contradictory evidence suggests that
there is no association between depressive mood and immune response
following vaccination (Moynihan et al., 2004).

Given the association between the COVID-19 pandemic and
increased symptoms of mental disorders (i.e., psychological stress), and
the vaccination campaigns occurring around the world, it is especially
important to consider the efficacy of vaccines in individuals with mental
disorders (Madison et al., 2021). Taken together, there is a need to
determine whether individuals with a mental disorder mount a suffi-
cient immune response to vaccines. If persons with mental disorders are
incapable of mounting an adequate response to COVID-19 vaccines, this
could pose a significant global health issue.

A majority of existing literature focuses on symptoms of mental
disorders and vaccine response, or mental disorders and serum analysis
without vaccination. To our knowledge, there has not been a previous
review evaluating immune response from vaccination among in-
dividuals with a mental disorder. Herein, the aim of this systematic re-
view is to synthesize the extant literature of vaccine response in persons
with a mental disorder as measured by biological markers of immunity.

2. Methods

This systematic review was conducted based on the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines (Moher et al., 2009). The protocol for this review is registered
with PROSPERO (registration number CRD42021262619).

2.1. Search strategy

A systematic database search of MEDLINE, Embase, Cochrane, and
PsycInfo for studies of mental disorders and vaccine efficacy was con-
ducted from database inception to May 2021. The following search
terms were used to yield relevant references: mental illness, mental
disorder, psychiatric disorder, mood disorder, personality disorder,
depression, anxiety, schizophrenia, vaccine, antibody, T cell, immune
response.

Two independent reviewers (K.X. and E.S.G.) screened the titles and
abstracts of all initial search results. The full texts of select articles were
then screened to identify the articles included in this review. Disagree-
ments were resolved by external reviewers (L.M.W.L. and R.S.M.).
Additional articles were identified through the reference lists of relevant
articles.

The results of all included articles underwent qualitative analysis via
narrative synthesis. Due to the prominent sources of heterogeneity be-
tween studies arising from the wide range of mental disorders, vaccines
administered, outcome measured, and study design, no quantitative
analyses were undertaken.

2.2. Study selection criteria
Inclusion criteria were as follows:

(1) Participants were adults (18-65 years) clinically diagnosed with
a mental disorder listed in the Diagnostic and Statistical Manual of
Mental Disorders (5th ed.; DSM-5; American Psychiatric Associ-
ation, 2013).

(2) Participants were administered the same vaccine, or a vaccine
against the same virus, as all other participants in the study.
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(3) Primary or secondary outcome was quantitative measures of
biological markers of immunity (e.g. antibodies, T lymphocytes,
cytokines).

(4) Full text available in English.

The exclusion criteria was as follows:

(1) Case studies, conference abstracts, reviews and meta-analyses of
the literature, and studies based solely on qualitative assessment
or self-reported responses to questionnaires.

(2) Studies limited to children and adolescents (<18 years) and
elderly subjects (>65 years).

(3) Studies limited to subjects with autoimmune disorders or other
critical physical illnesses.

2.3. Data extraction

K.X. extracted data using a data extraction spreadsheet, and E.S.G.
reviewed the extracted data. The following information was extracted:
author and year of publication, mental disorder, sample size, de-
mographics of subjects with mental disorders and control subjects,
vaccine administered, time of measurements, biomarkers measured, and
relevant findings.

2.4. Bias assessment

To assess methodological quality and risk of bias for all full-text ar-
ticles included, all randomized control trials were assessed using
Cochrane’s Risk of Bias 2 (RoB 2) tool (Sterne et al., 2019), and all
non-randomized studies were assessed using Cochrane’s Risk of Bias in
Non-randomized Studies of Interventions (ROBINS-I) tool (Sterne et al.,
2016).

The five domains of bias addressed in the RoB 2 assessment tool
relate to the randomization process, deviations from intended in-
terventions, missing outcome data, outcome measurement, and selec-
tion of reported results (Sterne et al., 2019). Studies were ranked as
having a low, moderate, or high risk of bias.

The seven domains of bias addressed in the ROBINS-I assessment tool
are biases that arise from confounding variables, participant selection,
classification of interventions, deviations from intended intervention,
missing data, outcome measurement, and selection of the reported re-
sults (Sterne et al., 2016). The ROBINS-I tool was used to determine if a
study’s overall risk of bias was low, moderate, serious, or critical.

3. Results
3.1. Search results

A total of 993 articles were identified from the database searches.
After removing duplicates and screening the titles and abstracts, 39 ar-
ticles were eligible for full-text screening. The full-text screening yielded
13 relevant articles that were eligible for analysis. The PRISMA flow
diagram is presented in Fig. 1. The articles eligible for analysis reported
on the following mental disorders: major depressive disorder (MDD) (n
= 3), schizophrenia (n = 5), anorexia nervosa (AN) (n = 2), insomnia (n
= 1), obstructive sleep apnea (OSA) (n = 1), and post-traumatic stress
disorder (PTSD) (n 1). Study characteristics are summarized in
Table 1.

3.2. Risk of bias assessments

The risk of bias assessments are displayed in Table 2. All five studies
on schizophrenia had a moderate risk of bias due to a lack of controlling
for confounding factors (Hussar et al., 1971; Solomon et al., 1968;
Friedman et al., 1967; Vaughan et al., 1949; Wang et al., 2016), and all
three studies on MDD/rMDD had a low risk of bias (Ford et al., 2019;
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Fig. 1. PRISMA flow diagram for study identification and selection.

Niemegeers et al., 2016; Casseirs et al., 2019). Both the study on
insomnia (Taylor et al., 2017) and OSA (Dopp et al., 2007) had low risks
of bias, as did the study on PTSD (Kosor Krnic et al., 2007) and the
anorexia study by Armstrong-Esther et al. (1978). A separate study
reporting on anorexia, by Zatrow et al. (2012), had a serious risk of bias
due to the lack of control group, lack of consideration for confounding
variables, and the sample size of only 10 participants. Overall, seven
studies were deemed low, five studies were deemed moderate, and one
study was deemed serious regarding the risk of bias.

3.3. Study results

3.3.1. Major depressive disorder

Three studies reported on adults with MDD or remitted MDD and
immune response to vaccination (Ford et al., 2019; Niemegeers et al.,
2016; Casseirs et al., 2019). Ford et al. (2019) measured serum levels of
IgG antibodies against measles in subjects with current mild, moderate,
or severe MDD (cMDD; n = 85), and subjects with MDD in full or partial
remission (rMDD; n = 82). This study also included a separate group of
subjects with bipolar disorder (BD) (n = 64). The three groups were
compared to a healthy control group (n = 202). Subjects had received
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measles vaccines during their childhood. Relative to controls, both the
group with current major depressive disorder (cMDD) (p = 0.021,
adjusted OR = 0.47, CI = 0.24-0.90) and the group with remitted major
depressive disorder (rMDD) (p = 0.038, adjusted OR = 0.50, CI =
0.26-0.97) were less likely to test seropositive for measles. Seroposi-
tivity for individuals with BD did not differ from the control (p = 0.329),
the cMDD (p = 0.355), or the rMDD (p = 0.449) groups. Since attenuated
seropositivity was present in both rMDD and cMDD groups, the weak-
ened immune response was not limited to the symptomatic phase of
MDD (Ford et al., 2019).

The two remaining studies reported on women with remitted major
depressive disorder (rMDD) (Montgomery—;\sberg depression rating
scale score < 15) (Niemegeers et al., 2016; Casseirs et al., 2019). Both
Niemegeers et al. (2016) and Cassiers et al. (2019) used the same pop-
ulation of women with rMDD (n = 21) and healthy controls (n = 18).
Niemegeers et al. (2016) aimed to investigate the effects of inflamma-
tory stress, psychosocial stress, or a combination of both factors on mood
in women with rMDD. Cassiers et al. (2019) aimed to investigate the
effects of childhood trauma on their responses to psychosocial and in-
flammatory stress. In both studies, the Typhoid vaccine was adminis-
tered as an inflammatory stressor in participants. Both studies measured
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Table 1

Summary of study design and results.
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Author and Date

Mental illness

Sample size

Vaccine

Time of
measurements

Relevant biomarker

Findings

Ford et al. (2019)

Cassiers et al.
(2019)

Niemegeers et al.
(2016)

Hussar et al.
(1971)

Friedman et al.
(1967)

Solomon et al.
(1968)

Wang et al. (2016)

Vaughan et al.
(1949)

MDD: current/cMDD
and remitted/rMDD
Bipolar Disorder: BD
Type I and II, and NOS
(Not otherwise
specified)

Criteria: DSM-IV-TR
Remitted MDD
(rMDD), including
Moderate-to-severe
recurrent MDD
without psychotic
features

Criteria: DSM-IV-TR
Most recent depressive
episode was within 24
months, but stable for
the past 3 months
Moderate-to-severe
recurrent MDD
without psychotic
features, currently in
(partial) remission
Criteria: DSM-IV-TR

Schizophrenia (SCZ)
SCZ types: 11
paranoid, 7
hebephrenic, 2
catatonic, 1
undifferentiated
Criteria: American
Psychiatric Association
Diagnostic Manual
Schizophrenia (SCZ)
and Depression* (DEP)
*whether all depressed
subjects had a
diagnosis of depression
is unclear.

Schizophrenia (SCZ)
Non-SCZ psychiatric
disorders (neurotic,
affective, character, or
substance-related
disorders)

Schizophrenia (SCZ)
Criteria: DSM-IV-TR

Schizophrenia (SCZ)
Subtypes of Dementia
Praecox: paranoid (5),
catatonic (4),
hebephrenic (6),
simple (2), other (5)

cMDD (n =
85)

rMDD (n =
82)

BD (n = 64)
Controls (n
= 202)
r™MDD (n =
21)
Controls (n
=18)

MDD (n =
21)
Controls (n
=18)

SCZ (n = 21)
Controls (n
=16)

SCZ (n = 10)
DEP (n = 22)
Controls (n
=7)

SCZ (n =13)
non-SCZ
psychiatric
patients (n =
13)

Controls (n
=6)

SCZ (n=
415)
Controls (n
= 3038)

SCZ (n = 22)
Controls (n
=17)

Measles vaccine (specifics
varied and were not
disclosed).

Typhoid vaccine (0.5 mL
containing 23 ug
Salmonella typhi capsular
polysaccharide; Typhim
Vi; Sanofi Pasteur MSD,
Diegem, Belgium)
Placebo: 0.5 mL NacCl,
0.9%

Typhoid vaccine (0.5 mL
containing 25 pg S. t yphi
capsular polysaccharide;
Typhim ® Vi; Sanofi
Pasteur MSD, Diegem,
Belgium).

Placebo: 0.5 mL NacCl,
0.9%

First injection: 0.5 cc. of
concentrated diphtheria
toxoid

Second injection: 0.5 cc.

diphtheria toxoid (30 days
after 1st injection)

0.5 cc of cholera vaccine
(India strains)

Booster dose of tetanus
toxoid (0.5 ml of
aluminum hydroxide
adsorbed toxoid)

Hepatitis-B vaccine
(unknown specifics but

vaccination records were
requested from all
subjects).

Plain Pertussis Vaccine

(4 weeks of injections)

1 cc for week 1, 2 cc for
weeks 2-4. (Total: 7 cc of
vaccine.)
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Unknown; years after
childhood
vaccination

Baseline and 30, 60,
90, 150, 180, 240,
360 min post-vaccine

Baseline and after
vax, then 30, 60, 90,
150, 180, 240, 360
min post-vaccine

Prior to injections,
and at 10th, 20th,
35th, 45th, and 60th
day after 1st
injection

Day 1 (day of
injection), 4, 6, 8, 10
Note: Some subjects
were also measured
on day 12 and 15, if
possible.

Baseline, 2, 4, 7, 14
days after vaccine

Unknown; years after
childhood
vaccination

Weekly for 8 weeks

Antibodies

Proinflammatory
cytokines: interferon
(IFN)-y, tumor necrosis
factor (TNF)-a, and
interleukin (IL)—6

Proinflammatory
cytokines: interferon
(IFN)-y, tumor necrosis
factor (TNF)-a, and
interleukin (IL)—6

Antibodies

Antibodies

Antibodies (antitoxins)

Hep B surface antigens
(HBsAg), Hep B surface
antibodies (HBsAb)

Antibodies

c¢MDD and rMDD were less
likely to test seropositive for
measles (p = 0.015, adj OR =
0.53, 95% CI: 0.74-2.37).
BD: did not differ from HC (p
= 0.329) or cMDD (0.355) or
rMDD (0.449)

Trauma was associated w
lower TNF-a after
vaccination for rMDD but not
HC (suggests a "trauma-
associated MDD
endophenotype").

Found no effects of trauma on
IL-6 and IFN-y in rMDD or HC
after statistical correction.

No significant difference in
increased inflammatory
measures from vaccine alone;
some changes were measured
only if patients underwent
vaccine and psychosocial
stressor.

IFN-y only increased in
patients after TSST
(psychosocial stress) and
vaccine together, but not
after any individual
intervention.

TNF-a and IL-6 were not
different between HC and
MDD.

No statistical difference
between SCZ and controls (t-
test: p > 0.05).

No significant difference
before day 8.

SCZ had higher titers than
controls on day 8, 10, 15 (and
higher than DEP on day 8, 10,
12).

No significant differences
between controls and DEP.
Antibody levels were highest
in SCZ but lowest in DEP.
SCZ and HC were nearly
identical before and after
vaccination.

Non-SCZ psychiatric patients
had somewhat lower
measurements but not
statistically significant.
HBsAg showed significant
differences between groups,
but HBsAD had no significant
differences. SCZ were more at
risk for HBV infection even
after vaccination.

SCZ had significantly lower
antibody response than
controls.

(continued on next page)
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Author and Date

Mental illness

Sample size

Vaccine

Time of Relevant biomarker

measurements

Findings

Armstrong-Esther
et al. (1978)

Zastrow et al.
(2012)

Taylor et al. (2017)

Dopp et al. (2007)

Kosor Krnic et al.
(2007)

Anorexia nervosa (AN)
Types: vomiting, and
carbohydrate-
abstaining

Anorexia nervosa (AN)
Subtypes: 2 F with
purging subtype
(ANp); the other 8 had
restrictive subtype
(AN1)

Insomnia

Types: 67.7% sleep
onset insomnia, 24.6%
maintenance
insomnia, and 20%
terminal insomnia
(>=3 nights/week)
Criteria: DSM-IV and
DSM-5

Moderate-to-severe
Obstructive Sleep
Apnea (OSA);
untreated

Combat-related
chronic PTSD

AN (n = 15)
Controls (n
=15)

AN (n =10)

Insomnia (n
=65)
Controls (n
=68)

OSA (n=14)
Controls (n
=17)

PTSD (n =
28)
Controls (n
=15)

0.5 ml of Admune
influenza vaccine;
contains:
A/England/42/72, 400 i.
u., A/Port Chalmers/1/73,
400 i.u., and A/Hong
Kong/1/68, 360 i.u.

Also administered 0.1 ml
tuberculin purified
derivative (PPD) of
Mycobacterium
tuberculosis.

Adjuvanted Influenza A
virus HIN1 subtype
(Pandemrix,
GlaxoSmithKline,
Rixensart, Belgium).
Contains 375 1g of
hemagglutinin antigen
derived from influenza
virus A(H1N1) California/
7/2009.

Influenza Novartis Fluvirin
preparation of the
influenza vaccine;
2011-2012 contained A/
California/7/2009
(H1IN1), A/Perth/16/2009
(H3N2), and B/Brisbane/
60/2009 virus

2012-2013 contained: A/
California/7/09 (HIN1),
A/Victoria/361/2011
(H3N2), and B/Wisconsin/
1/2010

Influenza 2004-2005 or
2005-2006 vaccine

Agrippal (Chiron, Italy)
influenza vaccine
Contains: influenza A (A/
New Caledonia/H1N1-
like, A/Moscow/H3N2-
like), and B (B/Hong
Kong/-like, B/Shangdong-
like) purified antigens

Antibodies and cell-
mediated immunity
(CMI) against
tuberculin

Baseline, 10th and
28th day after
vaccine.

Final test on day 50
(measure haemag
antibody titre and
CIR to tuberculin)
On day 48, tested for
tuberculin; 48 h
later, examine injury
site to measure/
record reactive zone
Baseline, 2 weeks
and 3 weeks post-
vaccine

Antibodies

Baseline and 4 weeks  Antibodies

after vaccine

Baseline and 2-4 Antibodies

weeks after vaccine.

Baseline and 14 days  Antibodies

after

8 patients (53%) and 10
controls (6%) were positive
for tuberculin.

Control titres were higher
than AN by day 10, but AN
titres were higher than
controls on day 28 and 50 in
all 3 strains, with 1 of the 3
strains being statistically
significant.

AN’s HIN1 vaccine was
sufficiently immunogenic
and safe. The seroconversion
and seroprotection rates were
comparable with the healthy
rates of 100%.

Lower overall HI antibody
count in insomnia both at
baseline and at 4 weeks post-
vaccine.

Statistically significant
difference was found for
H3N2 strain in both years,
and for B strain in
2012-2013.

No significant differences
were observed in changes in
antibody concentration,
frequencies of
seroconversion, or rates of
seroprotection between
subjects with OSA and
control subjects.

Mean fold increase in titers
did not differ significantly
between groups.

HC had lower seroconversion
rate to A/Moscow/H3N2.
Seroconversion and
seroprotection rates were
similar for all strains in both
groups.

proinflammatory cytokines (interferon (IFN)-y, tumor necrosis factor
(TNF)-q, and interleukin (IL)-6) in response to intervention (i.e., vacci-
nation, TSST, or both). Niemegeers et al. (2016) reported no significant
differences in the cytokine (INF-y, IL-6, TNF-a) responses between
rMDD and healthy subjects after vaccination alone. Cassiers et al. (2019)
conducted a study using similar methodology, except the rMDD and
control subjects were divided into “traumatized” or “non-traumatized”
groups based on self-reported responses to the Childhood Trauma
Questionnaire (CTQ). In this study, trauma was associated with a sta-
tistically significant decrease in TNF-a after vaccination for subjects
with rMDD (Tukey’s t = 3.25, p = 0.0286; 99% CI (0.0068 to 0.2237)),
but not for healthy control subjects. Cassiers et al. (2019) thus suggested
the existence of a trauma-associated MDD endophenotype with a
weakened TNF-a response to vaccination.

3.3.2. Schizophrenic disorders
Five studies evaluated the response to vaccination in subjects with
schizophrenia, with inconsistent results (Hussar et al., 1971; Solomon
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et al., 1968; Friedman et al., 1967; Vaughan et al., 1949; Wang et al.,
2016). Hussar et al. (1971) compared male patients with schizophrenia
(n = 21) to a control group of male hospital employees (n = 16). The
types of schizophrenia included paranoid (n = 11), hebephrenic (n = 7),
catatonic (n = 2), and undifferentiated (n = 1). All subjects received an
injection of 0.5 cc. of concentrated diphtheria toxoid, followed by a
second injection of 0.5 cc. diphtheria toxoid 30 days later. There was no
significant difference (p > 0.05) between the patients with schizo-
phrenia and healthy subjects in their ability to form antibodies following
vaccination. Similarly, Solomon et al. (1968) administered a booster
dose of the tetanus toxoid vaccine in patients with schizophrenia (n =
13) and healthy controls (n = 6), as well as compared titres for partic-
ipants with schizophrenia with literature values of antibody response in
Navy personnel. The antitoxin titres for both the subjects with schizo-
phrenia and healthy subjects were nearly identical; the difference did
not reach the 0.1 level of significance, and the titres for participants with
schizophrenia were also comparable to the antibody response in Navy
personnel (n = 25).
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Table 2
Risk of Bias Assessments using the RoB 2 tool or the ROBINS-I tool.

Journal of Affective Disorders 304 (2022) 66-77

Risk of Bias in Non-randomized Studies of Interventions (ROBINS-I)

Study Name Domain 1: Risk of ~ Domain 2: Risk of Domain 3: Risk Domain 4: Risk of  Domain 5: Domain 6: Risk Domain 7: Overall
bias due to bias in selection of of bias in bias due to Risk of bias of bias in Risk of bias risk of
confounding participants into the classification of deviations from due to measurement of in selection bias

study interventions intended missing data outcomes of the
interventions reported
result
Ford et al. (2019) Low N/A N/A N/A Low Low Low Low
Hussar et al. Serious Low Low Low Low Low Low Serious
(1971)
Friedman et al. Moderate Low Low Low Low Low Low Moderate
(1967)
(Solomon et al., Moderate Low Low Low Low Low Low Moderate
1968)
Wang et al. (2016) Moderate N/A N/A N/A Low Low Low Moderate
Vaughan et al. Moderate Low Low Low Low Low Low Moderate
(1949)
Armstrong-Esther Low Low Low Low Low Low Low Low
et al. (1978)

Taylor et al. (2017) Low Low Low Low Moderate Low Low Low

Dopp et al. (2007) Moderate Low Low Low Low Low Low Low

Kosor Krnic et al. Moderate Low Low Low Low Low Low Low

(2007)
Risk of Bias 2 (RoB 2)
Domain 1: Risk of =~ Domain 2: Risk of Domain 3: Risk Domain 4: Risk of ~ Domain 5: Overall risk of
bias arising from bias due to of bias due to bias in Risk of bias bias
the randomization deviations from the missing outcome  measurement of in selection
process intended data the outcome of the
intervention (effect reported
of assignment to result
intervention)
Cassiers et al. Low Low Low Low Low Low
(2019)
Niemegeers et al. Low Low Low Low Low Low
(2016)

Note: N/A refers to domains that were not applicable for that study.

Further, Friedman et al. (1967) compared antibody responses to 0.5
cc. of cholera vaccination in patients with schizophrenia (n = 10), pa-
tients with depression (n = 22), and a healthy control group (n = 7) of
medical students. Compared to the control group, patients with
schizophrenia had significantly higher antibody titres starting eight days
after vaccination. The authors reported lower titres in the depressed
group of patients; however, the difference was not statistically signifi-
cant nor did the authors report that the participants received a clinical
diagnosis of MDD or another depressive disorder.

However, the foregoing results are not in accordance with the out-
comes reported by Vaughan et al. (1949), who found that patients with
schizophrenia (n = 22) had a weaker immune response than control
subjects (n = 17) following weekly Plain Pertussis vaccinations. The
logarithmic mean of the reciprocal maximum serum titres was 2.2071 (s.
d. #+ 0.4030) in subjects with schizophrenia, and 2.5582 (s.d + 0.3862)
in the healthy control group. This difference was statistically significant
(p = 0.008), suggesting that patients with schizophrenia have a weaker
response to antigenic stimulation compared to control subjects.

Furthermore, Wang et al. (2016) conducted a study of hospitalized
adult patients with schizophrenia (n = 415) compared to a control group
(n = 3038). All subjects had received a childhood vaccination against
hepatitis B virus (HBV). There was a significant difference between the
two groups for seroprevalence of hepatitis B antigens (p < 0.001),
although there was no statistical difference in the rate of hepatitis B
antibody production between groups. It was concluded that patients
with schizophrenia may be at greater risk for HBV than healthy controls
even after vaccination. Given the studies which suggest that patients
with schizophrenia acquire post vaccine immunity comparable to
healthy controls (Hussar et al., 1971; Solomon et al., 1968; Friedman
et al., 1967), and the studies that suggest an attenuated response to
vaccination in persons with schizophrenia (Vaughan et al., 1949; Wang
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et al., 2016), the overall results remain inconclusive.

3.3.3. Eating disorders

Two studies reported on the relationship between anorexia nervosa
(AN) and antibody response to vaccination, both of which yielded no
statistical significance when compared to the vaccine response of a
normal weight population (Armstrong-Esther et al., 1978; Zastrow et al.,
2012). Armstrong-Esther et al. (1978), administered the Admune
influenza vaccine to female patients with AN (n = 15) and a healthy
female control group (n = 15). The influenza vaccine contained three
strains: A/England/42/72, A/Port Chalmers/1/73, and A/Hong
Kong/1/68. Baseline measurements were not different between the
group with AN and the control group. Although healthy controls had
higher titres against the A/Port Chalmers/1/73 strain than subjects with
AN up to the 10th day after vaccination (t = 2.344; p < 0.05), the
quantitatively measured immune response as proxy by antibody titres
for all three strains was greater in subjects with AN compared to healthy
control subjects when measured on the 28th and 50th day after vacci-
nation. Specifically, the increase in antibodies against the A/Hong
Kong/1/68 strain for subjects with AN compared to controls was sta-
tistically significant (day 28: t = 2.2098 and p < 0.05; day 50: t = 2.7491
and p < 0.05).

A pilot study also assessed patients with AN (n = 10) and their
antibody response to vaccination with adjuvanted influenza A virus
H1IN1 subtype (Zastrow et al., 2012). Compared with standardized
values of a normal-weight population after controlling for body mass
index and duration of illness, subjects with AN had seroprotection and
seroconversion rates of 100%. The authors suggest that patients with AN
mount a sufficient and safe response to HIN1 vaccination.
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3.3.4. Sleep disorders

Two studies investigated vaccine response of individuals with sleep
disorders (Taylor et al., 2017; Dopp et al., 2007). Taylor et al. (2017)
studied young adult students diagnosed with chronic insomnia (n = 65),
compared to healthy, age and sex-matched controls (n = 68). This study
took place over two years, with half the participants (i.e., Njnsomnia = 31
subjects, neontrols = 28) vaccinated against influenza in 2011 and the
other half (i.e., Ninsomnia = 34, Ncontrols = 40) in 2012. Patients with
insomnia had lower overall counts of antibodies against influenza at
baseline and 4 weeks post-vaccine, and a statistically significant
between-groups main effect was found for the H3N2 strain in both 2011
and 2012 (p = 0.041 and p = 0.008, respectively). A statistically sig-
nificant between-groups main effects were also found for the B strain,
but only in 2012-2013 (p = 0.009). Although the study found no Group
x Time interactions, subjects with insomnia had lower overall HI anti-
body levels (p = 0.002) than controls when averaging pre- and post
vaccination responses.

However, these results differ from that of Dopp et al. (2007), who
assessed immune response to the influenza vaccine in subjects with
obstructive sleep apnea (OSA). This study compared post-vaccination
influenza antibody titers in subjects with OSA (n = 14) and a control
group (n = 17) . No significant differences (p > 0.05) were observed in
the changes in antibody concentration, frequencies of seroconversion, or
rates of seroprotection between subjects with OSA and control subjects.
Neither the severity of sleep apnea nor the measures of sleepiness or
sleep disruption were correlated with immune responses.

3.3.5. Stress and trauma disorders

One study investigated influenza vaccine response in subjects with
PTSD (Kosor Krnic et al., 2007). Subjects diagnosed with combat-related
chronic PTSD according to DSM-IV criteria (n = 28) and healthy controls
(n = 15) were vaccinated with the Agrippal influenza vaccine. There was
no mean fold increase in titres between subjects with PTSD and control
subjects, and the seroprotection rates were similar between groups. The
researchers also measured CD8" T lymphocytes for the A/New Cale-
donia/H1NT1 strain. Although the magnitude of change in the number of
CD8™ T cells for subjects with PTSD was less than that of control sub-
jects, there was no significant difference in the number of HA-541,
549-specific CD8" T cells between the two groups.

4. Discussion

In this systematic review, we identified thirteen studies assessing
vaccine response in subjects with a mental disorder (Ford et al., 2019;
Niemegeers et al., 2016; Casseirs et al., 2019; Hussar et al., 1971; Sol-
omon et al., 1968; Friedman et al., 1967; Vaughan et al., 1949; Wang
et al., 2016; Armstrong-Esther et al., 1978; Zastrow et al., 2012; Taylor
etal., 2017; Dopp et al., 2007; Kosor Krnic et al., 2007). Results from the
included studies were mixed; five studies suggested an attenuated vac-
cine response in individuals with MDD (n = 2) (Ford et al., 2019; Cas-
seirs et al., 2019), schizophrenia (n = 2) (Vaughan et al., 1949; Wang
et al., 2016), and insomnia (n = 1) (Taylor et al., 2017), whereas the
remaining eight studies did not report differential immune response to
vaccination in individuals with MDD (n = 1) (Niemegeers et al., 2016),
schizophrenia (n = 3) (Hussar et al.,, 1971; Solomon et al., 1968;
Friedman et al., 1967), obstructive sleep apnea (n = 1) (Dopp et al.,
2007), anorexia nervosa (n = 2) (Armstrong-Esther et al., 1978; Zastrow
et al., 2012), or PTSD (n = 1) (Kosor Krnic et al., 2007).

4.1. Mood disorders

Studies have supported the use of TNF-a as an indicator of vaccine
efficacy, with studies reporting a positive correlation between IgG
antibody levels and both TNF-a and IL-6 (Frasca et al., 2013). However,
Cassiers et al. (2019) only found an attenuation in TNF-a but not IL-6
levels. Thus, the results from Cassiers et al. (2019) only partially

72

Journal of Affective Disorders 304 (2022) 66-77

support findings that psychological well-being is correlated with cellular
immunity as measured by post-vaccine cytokine production (Phillips
et al., 2005b).

The foregoing association has been reported in a limited number of
articles. The focus of this review was on adults (18-65 years) affected by
a mental disorder. We excluded individuals older than 65 years due to
the paucity of evidence which suggests that elderly subjects with major
or minor depression have an attenuated antibody response to vaccina-
tion relative to age and sex-matched controls (Irwin et al., 2013;
Trzonkowski et al., 2004), and the confounding effect of age on immune
response to vaccination (Goodwin et al., 2006). Children with MDD
were also excluded, on the basis that they are reportedly less likely to
verbalize their emotions or meet DSM-5 MDD criteria (Mullen, 2018).
Given that only one of the three identified mood disorder articles in this
review measured biomarkers as the primary outcome, there is a need to
conduct additional research with vaccine response as the primary
outcome in adults with MDD between 18 and 65 years of age. There is
also a need to investigate the effects of immune response to vaccines in
individuals with other mood disorders (e.g., bipolar disorder) (McIntyre
et al., 2020).

The altered immune function outside of vaccination contexts pro-
vides support for the notion that individuals with MDD suffer weakened
immune responses to vaccination. Moreover, it has been reported that
individuals with MDD have attenuated varicella-zoster virus immunity
measured by a significantly lower VZV-specific responder cell frequency
than subjects without depression (Irwin et al., 1998). A separate review
indicated that chronic depression is associated with attenuated immune
function in subjects with HIV/AIDS (Leserman, 2008), and depressive
symptoms in women with breast cancer have been associated with
suppressed cell-mediated immunity (Sephton, 2009).

A separate line of evidence suggests that depression is associated
with immunological dysregulation regarding the quantity and function
of immune cells, including lymphocyte function impairment and
attenuated natural killer cell activity (Kronfol, 2002). Findings from an
observational study suggest that individuals with depression conferred
an increased risk of developing infection, such as sepsis, urogenital,
respiratory, and bacterial infections, among others (Andersson et al.,
2016). Persons with pre-existing mood disorders are also at a higher risk
of hospitalization and death from COVID-19, which may be partly
attributable to dysregulated immunity (Ceban et al., 2021). Greater
severity of Hospital Anxiety and Depression (HAD) scores was correlated
with delayed healing in patients with chronic wounds (Cole-King and
Harding, 2001). Lymphocyte stimulation by mitogens was also signifi-
cantly attenuated in subjects with MDD (Miller et al., 1999), and was
worse in subjects with major compared to minor depression (Cosyns
et al., 1989).

Extant literature reporting on the inflammation in mood disorders
provides evidence of significantly higher concentrations of proin-
flammatory cytokines (i.e., IL-6, TNF-a) and levels of acute-phase pro-
teins (i.e., C-reactive protein), chemokines, and soluble adhesion
molecules in subjects with mood disorders, especially depressive disor-
ders (Dowlati et al., 2010; Miller, 2020; Miller and Raison, 2016;
Rosenblat et al., 2014). These findings support the notion of a persistent
proinflammatory state in MDD, including rMDD (Maes et al., 2001),
which can result in chronic inflammation. However, this chronic
inflammation differs from the decreased vaccine-induced TNF-a that
indicated potentially attenuated immunity in Cassiers and colleagues’
(2019) study. Thus, it is possible that subjects with MDD suffer the
presence of both high inflammation and immune suppression.

Not all studies evaluating MDD reported an association between
MDD diagnosis and attenuated immune response to vaccination. The
foregoing observation opposes the extensive literature associating
symptoms of mood disorders (e.g., depressive symptoms, psychological
stress, low social support) with lower immunity biomarkers following
vaccination (Costanzo et al., 2004; Hayney et al., 2003; Afsar et al.,
2009; Li et al., 2007). Studies have also found that low self esteem and
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fatigue (Morag et al., 1999), neuroticism (Phillips et al., 2005a), and
loneliness (Pressmen et al., 2005) were associated with attenuated
post-vaccination antibodies. Marsland et al. (2001) found that healthy
subjects with negative trait affect, but not higher stress levels or Beck
Depression Inventory scores, had lower antibodies following hepatitis B
vaccination. Social support has also been positively correlated with
immunoglobulin M response to vaccination with pneumococcal poly-
saccharides (Gallagher et al., 2008). However, Moynihan et al. (2004)
found a negative correlation between high social support and influenza
vaccine antibody titres, and no correlations between vaccine response
and depression.

Psychological stress is another notable predictor of depressive dis-
orders associated with weakened immune response. The development of
depressive disorders are often preceded by stressful situations (Van
Praag, 2005). Subjects with high perceived stress or distress have been
shown to yield lower post-vaccination antibody titres (Miller et al.,
2004; Snyder et al., 1990; Pedersen et al., 2009; Wong et al., 2013;
Glaser et al., 1998; Vedhara et al., 1999; Li et al.,, 2007) and
post-immunization lymphocyte proliferation (Snyder et al., 1993).
However, a limited number of studies have also found no association
(Jabaaij et al., 1996; Costanzo et al., 2004), or even a positive associa-
tion (Petry et al., 1991) between stress levels and antibody or cytokine
response to vaccination. In addition, research specifically regarding
stressful life events has been contradictory: Gallagher et al. (2008) and
Phillips et al. (2005b) found that stressful life events - but not overall
psychological stress levels in Gallagher and colleagues’ study - were
associated with low antibody titres, whereas Burns et al. (2002) found
that high perceived stress - but not life events stress - was associated with
low antibody titres.

Our results highlight the distinction between experiencing symptoms
of a mental disorder, and actually having a diagnosed mental disorder:
an individual suffering from symptoms of mood disorders without a
diagnosed mental disorder may still be subject to attenuated immune
response. Similarly, it cannot be established that all individuals with
MDD suffer attenuated immunization response.

4.2. Schizophrenia

Schizophrenia and related psychiatric disorders have been associated
with higher detection rates of viral infection, including hepatitis B virus
(HBV) (Klinkenberg et al., 2003; Rosenberg et al., 2001; Zhu et al., 2015;
Lluch and Miller, 2019), hepatitis C virus (HCV) (Rosenberg et al., 2001;
Lluch and Miller, 2019), and human immunodeficiency virus (HIV)
(Rosenberg et al., 2001), which may be due to increased infection sus-
ceptibility and environmental risk factors (Lluch and Miller, 2019).
Schizophrenia has also been correlated with altered cytokine levels and
inflammatory responses. Wang et al. (2016) discussed the abnormal
CD4" and CD8" T lymphocyte counts as well as Th1 and Th2 imbalance
in subjects with schizophrenia. There is also evidence of increased
C-reactive protein and proinflammatory cytokines in subjects with
schizophrenia (Fernandes et al., 2016.; Suvisaari et al., 2011), which
suggests altered inflammatory and immune function in individuals with
schizophrenia in line with two articles discussed in this review (Wang
et al., 2016; Vaughan et al., 1949).

However, it is crucial to note the small sample sizes and moderate
risks of bias in this review’s studies on patients with schizophrenia. The
publication years for included studies is also a potential cause for
concern, as only one (Wang et al., 2016) of the five studies on schizo-
phrenia in this review was conducted after 1972. The remaining four
studies (Hussar et al., 1971; Solomon et al., 1968; Friedman et al., 1967;
Vaughan et al., 1949) were thus written prior to the development of
increasingly rigorous diagnostic criteria through the DSM-III, which was
published in 1980 (American Psychiatric Association, 2022) and was
considered a turning point in the conceptualization of psychiatric dis-
orders, particularly schizophrenia (Jablensky, 2010). Following the
introduction of the DSM-IV in 1994 (American Psychiatric Association,

73

Journal of Affective Disorders 304 (2022) 66-77

2022) and the ICD-10 in 1990 (World Health Organization), the reli-
ability of psychiatrists’ schizophrenia diagnoses is also considered to
have improved (Jablensky. 2010). In addition, the past few decades
have resulted in great progress regarding scientific understanding of the
human immune system, as well as improvements in vaccine composition
and adjuvants (Rappuoli et al., 2011). The measurement accuracy of
immunologic biomarkers such as antibodies has also improved over time
due to the development of validation methodologies for techniques such
as ELISA (Minic and Zivkovic, 2021). Thus, in addition to the incon-
clusivity arising from the contradicting results between the five studies,
the publication dates of these articles warrant caution when interpreting
this review’s synthesis of schizophrenia-related studies.

4.4. Eating disorders

A potential explanation for the null findings in both studies of eating
disorders (Armstrong-Esther et al., 1978; Zastrow et al., 2012) is that the
form of malnutrition present in anorexia and bulimia may affect cellular
immunity rather than humoral immunity (Nova et al., 2002). Anorexic
patients experience an impairment of cell-mediated immune responses
and phagocyte function (Nova et al., 2002), a significant increase in
TNF-a and IL-6 mRNA expression (Kahl et al., 2004), and an attenuated
proliferative response after stimulation with mitogens or anti-CD2 an-
tibodies (Cason et al., 1986; Allende et al., 1998).

However, the literature varies with regards to immunosuppression in
individuals with eating disorders. Fink et al. (1996) discussed the
various conflicting studies that found normal CD4" and CD8" counts,
low CD4" and CD8" counts, and elevated CD8™ counts in subjects with
AN. In addition, Silber and Chan (1996) found no immune system
impairment in subjects with AN when assessing lymphocyte prolifera-
tion with mitogen stimulation. Taken together, although certain im-
mune impairments in anorexic subjects are similar to those observed in
subjects with malnutrition, they are rarer and milder, and immune
function appears adequately preserved, especially considering that pa-
tients with anorexia experience defective nutritional status (Silber and
Chan, 1996; Nova et al., 2002).

Vaccine responses are not definitively influenced by malnourishment
(Zimmermann et al., 2019), although malnourished children have dis-
played attenuated antibody response to T-cell-dependent and T-cell-in-
dependent antigens (Brussow et al., 1995), as well as meningococcal
vaccine (Mohammed and Damisah, 1982) and pertussis toxin (Gaayeb
et al., 2014). However, findings of correlation between attenuated
vaccine response and malnutrition focus largely on malnourished chil-
dren, rather than adults with eating disorders or nutritional deficits.

4.3. Sleep disorders

Given the small sample sizes of both sleep disorder studies (Taylor
et al.,, 2017; Dopp et al., 2007) and their contradictory results, the
relationship between sleep disorders and vaccine response remains
inconclusive.

Taylor and colleagues’ (2017) results are supported by extensive
research correlating poor sleep with attenuated antibody response to
vaccination. Short sleep duration near vaccination date was associated
with lower antibody responses to hepatitis A (Lange et al., 2003, 2011),
hepatitis B (Prather et al. 2012), and influenza (Miller et al., 2004)
vaccinations. The study of individuals with OSA included in this review
administered trivalent inactivated vaccines (TIV), and although anti-
body responses were found to be adequately robust, other studies in
healthy participants have mixed results following TIV vaccination:
Spiegel et al. (2002) found that deliberately sleep-deprived healthy
participants had lower antibody responses in the week following
vaccination, while Ayling et al. (2018) found no association between
sleep duration and immune response.

However, the foregoing studies only assessed humoral immune
response, and did not take a potential attenuation of cellular immune



K. Xiao et al.

response into consideration. In fact, sleep disturbance appears to lead to
a shift away from cellular immunity (Type 1 T helper cell function)
(Axelsson et al., 2013; Sakami et al., 2002). In line with this evidence,
Dopp et al. (2007) suggest that their null findings regarding antibody
responses in subjects with OSA may be a result of the humoral immune
system compensating for a lack of cellular immunity. Future research
should thus investigate the cellular immune response to vaccination in
subjects with a diagnosed sleep disorder, rather than focusing only on
healthy subjects who undergo a period of sleep deprivation, or on the
humoral immune response alone.

While previous literature suggests a weakened immune response in
subjects with sleep deprivation, these mixed results may be partially due
to naturalistic short sleep duration and sleep deprivation which are not
synonymous with chronic insomnia (Taylor et al., 2017). Individuals
with insomnia do not necessarily experience excessive daytime sleepi-
ness indicative of sleep deprivation, but rather, may appear similar to
healthy people with typical sleep habits (Riedel and Lichstein, 2000;
Stepanski et al., 1988).

4.4. Trauma or stress disorders

Kosor Krnic et al. (2007) found no association between PTSD diag-
nosis and response to influenza vaccine, despite the apparent
multi-tiered and bidirectional relationship between PTSD and the im-
mune system, especially with regards to inflammation (Neigh and Ali,
2016). PTSD is associated with chronic inflammation and elevated
cytokine (i.e., IL-6, IL-1f, TNF-a, and IFN-y) production (Passos et al.,
2015). Given that cytokines contribute to the differentiation of T cell
subsets, PTSD and adaptive immunity may be correlated with one
another (Neigh and Ali, 2016). Furthermore, in a study of infections
within a population of persons with a mental disorder, PTSD was a
significant predictor of HBV and HIV (Essock et al., 2003), and a sepa-
rate study found that individuals with a history of PTSD had a 58%
higher risk for select autoimmune diseases than the control group
(O’Donovan et al., 2015). PTSD is also associated with an aged immune
phenotype, suggesting early immunosenescence and thus additional
susceptibility and increased severity of infection or disease (Aiello et al.,
2016). Thus, Kosor Krnic and colleagues’ results contradict the evidence
suggesting that individuals with PTSD suffer from attenuated or altered
immune function. Since only one study focused on PTSD, our conclu-
sions regarding PTSD or trauma and stress-based disorders are limited.

4.5. A brief discussion of comorbidities and symptoms of mental disorders

Mental disorders are increasingly associated with physical comor-
bidities (Sartorius, 2013). The association between mental disorders and
chronic physical diseases has been extensively researched, with
comorbidities a focus of many studies and reviews (Dare et al., 2019;
Stubbs et al., 2015; Vancampfort et al., 2015; Nakash et al., 2014).
Therefore, attenuated immunity in persons with mental disorders may
be due in part to the comorbid physical diseases that many individuals
with a mental disorder suffer from, rather than the mental disorder
being the root cause of attenuated immunity. Mental disorders are also
associated with increased risk of psychiatric comorbidity (Plana-Ripoll
et al., 2019), and symptoms of various mental disorders often overlap.
For instance, sleep disturbance is considered a significant risk factor for
the development of depression (Baglioni et al., 2011; Cho et al., 2008;
Lee et al., 2013; Franzen and Buysse, 2008), PTSD diagnosis is based on
negative cognition or mood (Neigh and Ali, 2016), and patients with AN
often experience major depression or anxiety disorders (Klump et al.,
2009). Thus, our analysis of one particular mental disorder may apply to
individuals diagnosed with a separate mental disorder but who express
similar symptoms to the analyzed mental disorder (e.g., depressive
mood is frequently exhibited both by individuals with bipolar disorder
and those with MDD).
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4.6. Limitations

The limitations of this review include the relatively small number of
articles (n = 13) with high heterogeneity regarding mental disorders
studied and vaccines administered, and thus the lack of quantitative
analysis. The limited number of studies is indicative of the limited
literature on this topic. A majority of the studies were published over a
decade ago with sample sizes of under 30 subjects, and with less well-
defined methods compared to the more recent studies. The results of
these studies were mixed, highlighting the need for future studies to
confirm the findings with more rigorous methodology.

Another limitation of this review is the wide variety of vaccine types
included. The specific immune responses elicited (e.g., cellular vs. hu-
moral) and the duration of immunity varies amongst different vaccine
types (e,g., live attenuated vaccines, inactivated vaccines, toxoid vac-
cines) (Amanna and Slifka, 2011). Thus, the immunologic outcomes
following vaccination may be influenced by whether the vaccine type
elicits responses in a specific component of the immune system that is
compromised in individuals with mental disorders. For instance, in-
dividuals with MDD exhibit reduced cellular immunity (Beurel et al.,
2020), and therefore, these individuals may react poorly to vaccines that
primarily induce T cells. Due to the limited number of studies assessing
each vaccine type (i.e., live attenuated vaccines, inactivated vaccines,
toxoid vaccines, etc.), the role of vaccine type in immunologic outcomes
for individuals with mental disorders remains inconclusive. The studies
included herein focused almost exclusively on humoral rather than
cellular immune response. Additional research on post-vaccine cellular
immunity will provide a more in-depth understanding of the overall
immune function in persons with mental disorders. Furthermore, certain
studies included in this review did not disclose the specific vaccine
administered. For instance, the specific measles vaccine administered to
each subject was not specified by Ford and colleagues (2019), who
assessed biomarkers indicative of protection against measles in adults
who received childhood vaccination.

Few studies reported whether participants were taking psychotropic
medications, and fewer studies assessed medication use and immuno-
logic outcomes. Thus, it is unclear whether medications for mental
disorders influence immune response to vaccination. Further research is
required to evaluate the effect of psychotropic medications on immu-
nity, given that the psychopharmacology impacts on the immune system
and inflammatory response may result in altered immunologic responses
to vaccination, including the COVID-19 vaccination. For instance, an-
tidepressants such as selective serotonin reuptake inhibitors (SSRI) have
been shown to act as functional inhibitors of acid sphingomyelinase
(FIASMA) (Kornhuber et al., 2021). Acid sphingomyelinase (ASM) in-
hibition plays a protective role against SARS-CoV-2 infection, as sup-
ported by multiple studies suggesting that fluvoxamine, an SSRI
antidepressant, is associated with improved COVID-19 outcomes in
hospitalized and high-risk patients (Lenze et al., 2020; Reis et al., 2022).

Lastly, the correlations between select mental disorders and vaccines
are not necessarily indicative of a causal relationship; although many
confounding factors were accounted for in the studies, there may be
other variables independent of mental disorder diagnoses that contrib-
uted towards vaccine response. This is especially relevant concerning
the two studies reported on immune biomarker levels in adults who
received childhood vaccination (Wang et al., 2016; Ford et al., 2019).
The decay rate of vaccine response over time differs between in-
dividuals, and may vary due to a combination of factors specific to each
individual (Anita et al., 2018). There may have been various factors
other than psychiatric diagnoses which contributed towards the lower
titers in individuals with mental disorders, given the duration of time
between vaccine administration and the biomarker measurement many
years later. The results from these two studies must therefore be inter-
preted with additional caution compared to results of studies assessing
immune response shortly after vaccine administration.
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5. Conclusion

Taken together, reports of the association between mental disorder
and vaccine response are mixed. While individuals with mental disor-
ders have been reported to experience immune dysfunction, not all
studies supported the foregoing relationship. Future research should aim
to investigate the relationship between attenuated vaccine response in
persons with mental disorders using larger sample sizes, well-defined
methods, as well as expand to other mental disorders. The results of
our synthesis of the literature provide further impetus to characterize
the immune response amongst persons with mental disorders to COVID-
19 vaccination, and to identify covariates and moderating factors of
immune response in this population (Xiong et al., 2020).
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