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Background

Vaccine-preventable conditions cause preventable illness and may increase mortality
in people living with mental illness. We examined how risks of hospitalisation for a wide
range of vaccine-preventable conditions varied by age and sex among mental health
service users.

Methods

Linked population data from New South Wales (NSW), Australia were used to identify
vaccine-preventable hospitalisations (VPH) for 19 conditions from 2015 to 2020. Adult
mental health (MH) service users (n=418,915) were compared to other NSW residents
using incidence rates standardised for age, sex and socioeconomic status. Secondary
analyses examined admissions for COVID-19 to Sept 2021.

Results

We identified 94,180 VPH of which 41% were influenza, 33% hepatitis B and 10%
herpes zoster. MH service users had more VPH admissions (alRR 3.2, 95% CI 3.1 -
3.3). Relative risks were highest for hepatitis (alRR 4.4, 95% CI 4.3 — 4.6), but elevated
for all conditions including COVID-19 (alRR 2.0, 95% CI 1.9 — 2.2). MH service users
had a mean age nine years younger than other NSW residents at first VPH admission,
with the largest age gap for vaccine-preventable pneumonias (11-13 years younger).
The highest relative risk of VPH was among MH service users aged 45-65.
Conclusions

Mental health service users have increased risk of hospitalisation for many vaccine-
preventable conditions. This may be due to reduced vaccination rates, more severe
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illness requiring hospitalisation, greater exposure to infectious conditions, or other
factors. People living with mental iliness should be prioritised in vaccination strategies.
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Abstract

Background

Vaccine-preventable conditions cause preventable illness and may increase mortality in people living
with mental illness. We examined how risks of hospitalisation for a wide range of vaccine-

preventable conditions varied by age and sex among mental health service users.
Methods

Linked population data from New South Wales (NSW), Australia were used to identify vaccine-
preventable hospitalisations (VPH) for 19 conditions from 2015 to 2020. Adult mental health (MH)
service users (n=418,915) were compared to other NSW residents using incidence rates standardised
for age, sex and socioeconomic status. Secondary analyses examined admissions for COVID-19 to

Sept 2021.
Results

We identified 94,180 VPH of which 41% were influenza, 33% hepatitis B and 10% herpes zoster. MH
service users had more VPH admissions (alRR 3.2, 95% Cl 3.1 - 3.3). Relative risks were highest for
hepatitis (alRR 4.4, 95% Cl 4.3 — 4.6), but elevated for all conditions including COVID-19 (alRR 2.0,
95% Cl 1.9 —2.2). MH service users had a mean age nine years younger than other NSW residents at
first VPH admission, with the largest age gap for vaccine-preventable pneumonias (11-13 years

younger). The highest relative risk of VPH was among MH service users aged 45-65.
Conclusions

Mental health service users have increased risk of hospitalisation for many vaccine-preventable
conditions. This may be due to reduced vaccination rates, more severe illness requiring
hospitalisation, greater exposure to infectious conditions, or other factors. People living with mental

illness should be prioritised in vaccination strategies.



Background

People living with mental ill health experience increased rates of chronic and preventable medical
conditions, avoidable hospitalisations and premature mortality (Firth et al., 2019). Vaccine-
preventable conditions such as influenza, pneumonia, hepatitis and COVID-19 are likely to contribute

to this morbidity and mortality.

People living with mental ill health have low vaccination rates. Studies in clinical cohorts with severe
mental illness have found influenza vaccination rates from 25% (Lorenz et al., 2013) to as low as 7%
(Young et al., 2015), and vaccination rates below 10% for pneumococcal pneumonia, measles and
hepatitis (Miles et al., 2020). Among US veterans, those with mental health conditions are up to
twenty percent less likely to receive vaccination for pneumococcal disease or influenza (Druss et al.,
2002). In Israel, vaccination rates against COVID-19 were 25% lower in people with non-affective

psychoses than in the broader population (Goldberger et al., 2022).

Rates of vaccine-preventable conditions are also increased in people living with mental health
conditions. In recent meta-analyses, people with serious mental illness had up to five-fold increases
in the prevalence of Hepatitis B (Ayano et al., 2018, Hughes et al., 2016), with higher rates in men
(Ayano et al., 2018) and in people with a diagnosis of schizophrenia (Lluch and Miller, 2019). Fewer
studies have examined other vaccine-preventable conditions. In Taiwan’s national claims database,
people with a broad range of mental health conditions were 30% more likely to be diagnosed with
Herpes Zoster (Yang et al., 2011), and people diagnosed with bipolar disorder were more than twice
as likely to be diagnosed with pneumonia or tuberculosis (Chen et al., 2022). A population study
from Israel found that people with a mental health condition were less likely to be diagnosed with

COVID-19, but this may have reflected lower testing rates (Goldberger et al., 2022).

Few studies have examined hospitalisations or deaths due to vaccine-preventable illnesses in large,
representative populations of people with a mental health condition. Studies from England, Sweden
and Denmark have suggested a two to three times increased risk of hospitalisation for influenza and
pneumonia in mental health service users, even when controlling for confounders such as smoking
status (Crump et al., 2013, Davydow et al., 2016, Seminog and Goldacre, 2013). In Israel, people
with mental health diagnoses had more than twice the population risk of hospitalisation or death
after diagnosis with COVID-19 (Goldberger et al., 2022). Two Australian studies have examined sub-
national (state) populations, finding a two- to four-fold increased risk of hospitalisation for vaccine-
preventable conditions including influenza, pneumonia and hepatitis (Mai et al., 2011, Sara et al.,

2021).



More evidence about vaccine-preventable hospitalisations is required to understand the scale of this
issue and to identify priority areas or groups for action. Most studies have focused on
hospitalisations for respiratory illness. No study has reported on a broad range of specific vaccine-
preventable conditions or presented age-specific risks. Many of the studies above include data from
the 1960s to the early 2000s, however we need updated data because of new vaccine approaches

and new patterns of illness, including COVID 19.

The current study describes hospitalisation rates for vaccine-preventable conditions in the state of
New South Wales (NSW), Australia. We examine hospitalisation rates over five years for nineteen
specific vaccine-preventable conditions. We compare rates for the overall adult population to those
in mental health service users, and report age- and sex-specific rates adjusting for differences in

socio-economic disadvantage.

Methods

Study design

All vaccine-preventable hospitalisations (VPH) were identified over five years in the state of New
South Wales (NSW), Australia using retrospective observational methods. The outcome of interest
was the number of vaccine-preventable hospitalisations (episodes of hospital care) (VPH) and the

number of VPH related hospital days, expressed as rates per 100,000 population per year.

Data linkage
Data from NSW public hospitals, private hospitals, public community mental health services and the

NSW Register of Births Deaths and Marriages were linked by the NSW Centre for Health Record
Linkage (CHeRel), using probabilistic record linkage based on individuals’ names, date of birth,
addresses and health service identifiers. The linkage process is designed to give a false positive
linkage rate of around 5 per 1000 records. More detail on the datasets and linkage methods is

provided elsewhere (Sara et al., 2019)

Study setting

Vaccine-preventable hospitalisations to NSW private and government-funded (public) hospitals were
examined. Around 60% of Australian hospital care is provided through state operated public
hospitals (Australian Institute of Health and Welfare, 2022, December 7). Private hospitals mainly
provide non-emergency care for individuals opting-in to private health insurance. Hospital diagnoses
are recorded using the International Classification of Diseases, 10" Edition, Australian Modification

(National Centre for Classification in Health, 2010).



Mental health service users were defined by receiving any mental health care from a NSW public or
private hospital, or a state government operated (public) community mental health services. Public
community mental health services provide care to around 2% of the NSW population each year
(Australian Institute of Health and Welfare, 2022, December 12), focusing on emergency care and
longer term care of severe or complex disorders. Primary and private mental health outpatient
services see around 11% of the NSW population each year (Australian Institute of Health and
Welfare, 2022, December 12), and focus mainly on higher prevalence mental health conditions: data

for those services are not included in the current linkage.

Primary outcome: Vaccine-preventable hospitalisations

The main outcome was admission to any NSW public or private hospital with a primary or secondary
diagnosis of a vaccine-preventable hospitalisation (VPH) during a five-year period from 1 July 2015 to
30 June 2020. We examined 19 vaccine-preventable conditions, using specifications of the Australian
Commission on Quality and Safety in Health Care (Falster and Jorm, 2017) supplemented with
additional codes. These were divided into three subgroups: (i) respiratory conditions (influenza,
pneumococcal pneumonia, haemophilus pneumonia, pertussis, diphtheria, COVID-19); (ii) hepatitis
B, and; (iii) other vaccine-preventable conditions (herpes zoster, tuberculosis, varicella, rotaviral
enteritis, mumps, measles, haemophilus meningitis, tetanus, rubella, cholera, acute poliomyelitis).
Hepatitis B was grouped separately because of its high prevalence and because its mode of
transmission and associations were assumed to be different from those of other conditions.

Hepatitis C was not included as it is not currently vaccine preventable.

Mental health cohort definition

Mental health service users were defined as NSW residents aged 18-100 years who had any mental
health hospitalisation or public community mental health contact between 1 July 2013 and 30 June
2020. Mental health hospitalisations were defined as episodes of care in a public or private hospital
with a primary diagnosis of a non-organic mental health condition (ICD-10 codes F10-F99) or at least
one day in a designated mental health unit. Community contacts included face-to-face or telehealth
contacts with NSW public community mental health services. Services to non-NSW residents,
administrative contacts, case conferences and contacts by community teams with hospital inpatients
were excluded. Sex and area of residence were defined at the first (index) contact in the
observation period. Age was estimated at the midpoint of the study period. Mental health status
was treated as time-dependent, with events (hospitalisations) and exposure time (person years)
calculated from the date of each person’s index mental health contact in the study period, or from
the start of the study period (1 Jul 2015) if the index contact occurred during the two-year pre-study

look-back period. Deaths during the study period were identified by linkage to the NSW Register of



Births, Deaths and Marriages. If death occurred during the study period, time from the date of death

to the study end was excluded when calculating hospitalisation rates.

Data analysis

Data assembly and standardisation were conducted in SAS Enterprise Guide v7.15. VPH rates per
100,000 person-years were calculated for Mental Health (MH) and non-MH groups. VPH episode
and day rates were calculated for (i) any VPH, (ii) three VPH groups (respiratory, hepatitis B, other),
and (iii) 19 individual VPH conditions. Episodes with multiple VPH diagnoses were counted
separately for condition-specific rates but treated as a single episode when calculating overall VPH

rates.

For calculation of standardised rates, admission rates were first calculated separately for each study
group, subgroup, vaccine preventable condition group, individual vaccine preventable condition, and
stratum of age (18-24,25-34,35-44,45-54,55-64,65-75,75-84,85+), sex and quintile of socioeconomic
disadvantage. Socioeconomic disadvantage was estimated from the person’s area of residence,
using the Australian Bureau of Statistics Index of Relative Socioeconomic Disadvantage (IRSD)
(Australian Bureau of Statistics, 2006). This index is calculated for Australian geographical areas using
17 census-derived variables measuring income, government welfare support, education, home
ownership, employment, household structure and English language proficiency. Denominators for
rate calculations were (i) for mental health service users: stratum-specific populations from the
mental health cohort and (ii) for other NSW residents: census-derived population estimates from the
Australian Bureau of Statistics for the midpoint of the study period, after subtracting the relevant
mental health service user population. Adjusted Incidence Rate Ratios (alRRs) and 95% Log Normal
confidence intervals were then calculated by direct standardisation for age, sex and socioeconomic
status, using the SAS procedure “Proc STDRATE” (SAS Institute Inc, 2020, October 28). Standardised

rates were not calculated where the number of VPH events in the MH cohort was less than 20.

A supplementary analysis was conducted to examine admission rates for COVID-19, using public
hospital data from July 2020 to September 2021. The original planned analysis included all NSW
public and private hospitals, however private hospital data were available only to June 2020. That
covered three months of the first wave of the NSW pandemic (April to June 2020), during which
hospital admissions for COVID-19 were uncommon. Public hospital data were also available to
September 2021, which included the peak of the much larger NSW COVID-19 Delta wave. Rates and
adjusted rate ratios were calculated using the same methods and population denominators as the

main analyses.



Two subgroup analyses were conducted. First, we examined VPH rates in mental health service users
with severe or persistent mental illness (SPMI), who were defined as people with (i) any diagnosis of
schizophrenia, schizoaffective disorder, bipolar disorder or psychotic depression, or (ii) more than
two years of contact with mental health services, as measured from the dates of their first and last
mental health service contacts during the observation and pre-study lookback periods. Second, we
examined VPH rates in mental health service users who had received hospital care, compared to
people whose only mental health service contact was with community-based, non-admitted mental

health services.

Ethics approval

The study was approved by the NSW Population and Health Service Research Ethics Committee
(HREC/17/CIPHS/48. CINSW Refs 2017/HRE1105, 2019/UMB0208), and the Aboriginal Health and
Medical Research Council of NSW (Ref 1564/19).

Results

We identified 500,548 people who had at least one in-scope contact with NSW mental health
services in the study or look-back periods. Of these, we excluded 62,514 (12.5%) people aged under
18 at first contact, 12,987 (2.6%) with no valid age recorded, and 72 (0.01%) with sex missing or
recorded as “other than male or female”. We also excluded 5,706 people (1.1%) who had contact in
the pre-study look-back period but died before the start of the observation period. After these
exclusions 418,915 mental health service users were included in calculation of standardised rates.
Nineteen percent had a diagnosis of a psychotic disorder recorded, and approximately half (51%)
received community mental health care only (see Supplementary Table 1). Compared to NSW
population estimates for the mid-point of the study period (Jan 2018), mental health service users
were more likely to be female, aged under 45, and to live in regions in the most disadvantaged two

quintiles of the NSW population (Table 1).

During the study period there were 94,180 vaccine-preventable hospitalisations (VPH) to NSW public
or private hospitals (Table 2). Nearly all (89%) occurred in public hospitals. These hospitalisations
included 97,910 individual vaccine-preventable condition diagnoses, because a small number of
admissions included more than one such diagnosis. The most frequently diagnosed individual
conditions were influenza (41% of all VPH diagnoses), hepatitis B (33%) and herpes zoster (10%).
These three conditions, along with two vaccine-preventable pneumonias (haemophilus pneumoniae,
streptococcus pneumoniae) made up 98% of all VPH diagnoses. The study period for the primary
analysis included only the first three months of the COVID-19 pandemic; 668 COVID admissions

were recorded, including 27 in mental health service users. Conditions with fewer than 20



admissions in the mental health cohort are not reported separately but have been included in group
and state totals. These include mumps (109 total admissions), measles (30), haemophilus meningitis

(24), tetanus (16), rubella (12), cholera (10), diphtheria (9) and acute poliomyelitis (9).

Compared to other NSW residents, mental health service users were 2.6 times more likely to
experience a vaccine-preventable hospitalisation, with an alRR of 3.2 (95% Cl 2.1 — 2.2) after
standardising for age, sex and socioeconomic disadvantage. Relative risk was increased for all VPH

types other than COVID-19, with the highest relative risk for hepatitis B (alRR 4.4, 95% Cl 4.3 — 4.6).

A supplementary analysis was conducted for the period from July 2020 to September 2021 to
examine hospitalisation rates for COVID, using data for NSW public hospitals only (Table 3). During
this period there were 10,186 admissions for COVID-19 to NSW public hospital and “hospital in the
home” services (1,243 in mental health service users, 8,943 in other NSW residents). Overall VPH
admission rates fell during this period, dropping by 21% in the broader population and 12% in
mental health service users, with substantial reductions in admission for most VPH types and almost
complete absence of influenza hospitalisations. In this period, mental health users were twice as

likely to have a hospital admission with a COVID-19 diagnosis (alRR 2.0,95% Cl 1.9 —2.2).

Patterns of vaccine-preventable hospitalisation differed by age, sex and type of vaccine-preventable
condition (Figure 1 and Supplementary Table 2). In the broader NSW population VPH rates
approximately doubled for each decade over age 55. In mental health service users, rates increased
from a younger age and the highest relative risks occurred in mental health service users aged 35-
64. Mental health service users aged 35-54 had very high relative risks of admission for hepatitis B.

In mental health service users aged 75 and above, relative risks converged towards population rates.

Earlier age-related increases in risk of VPH admission were also reflected in younger average age at
admission for mental health service users. On average, mental health service users were 9 years
younger than other NSW residents when admitted with a VPH diagnosis (Figure 2). This age gap was
largest for respiratory conditions, particularly for pneumonia due to haemophilus (13 years) or

streptococcus (11 years).

Examining the secondary outcome of hospital bed days, mental health service users had a slightly
longer average length of hospital stay for vaccine-preventable conditions (MH service users 9.7 days,
other NSW residents 8.1 days). Because of the combination of a longer length of stay and a higher
hospitalisation rate, mental health service users experienced 3.8 times more hospital bed days per
capita than other NSW residents (95% Cl 3.77 — 3.82) after adjusting for age, sex and socioeconomic

status (Supplementary Table 3).



In subgroup analysis, people with severe or persistent mental illness (SPMI) made up 33% of people
and 40% of person-years in the mental health cohort (Supplementary Table 4). Standardised VPH
rates were highest in the SPMI group (alRR 4.0, 95% Cl 3.9-4.1), but also significantly elevated in
other mental health service users (alRR 2.8, 95% Cl 2.8-2.9) compared to other NSW residents. The
highest relative risk in the SPMI group was for Hepatitis B (alRR 6.1, 96% Cl 5.8 - 6.3). Both groups of
mental health service users had significantly increased risk of hospitalisation for all disorders
examined. The SPMI subgroup had significantly higher standardised VPH rates than the other mental
health subgroup overall, for hepatitis and respiratory conditions. However, the other mental health
subgroup had higher standardised VPH rates than the SPMI subgroup for other vaccine-preventable
conditions, including herpes zoster, tuberculosis and varicella. A similar pattern was seen in
subgroup analysis based on the type of mental health care received (Supplementary Table 5).
Compared to non-mental health-service users, the relative risk of any VPH was slightly higher in
people with any mental health hospital care (alRR 3.6, 95% CI3.5-3.7) than in people receiving
community mental health care only (alRR 3.1, 95% Cl 3.0 — 3.2). Compared to people with
community mental health care only, people with admitted mental health care had a slightly higher
rate of VPH for hepatitis and respiratory conditions but slightly lower rate for other vaccine-

preventable conditions.

Discussion
We compared hospitalisation rates for 19 individual vaccine-preventable conditions in 418,915 adult

mental health service users to a broader population of 6.2 million adults over a five-year period.
Each year in NSW there were nearly 20,000 VPH, occupying more than 120,000 bed days. After
adjusting for differences in age, sex and socioeconomic disadvantage, mental health service users
were 3.2 times more likely than other NSW residents to be admitted to hospital for a vaccine-
preventable condition and had 3.8 times more days in hospital per capita for those conditions. The
highest relative risk in mental health service users was for hepatitis B, but VPH rates were increased
across the spectrum of vaccine-preventable conditions, including COVID-19. The rate of VPH was
slightly higher in the subgroup of mental health service users with severe and persistent mental

illness, but other mental health service users also had significantly increased rates.

Previous studies have found that people with prior mental health service contact were two to three
times more likely to be admitted for influenza and pneumonia (Crump et al., 2013, Mai et al., 2011,
Seminog and Goldacre, 2013). We found a 2.8 fold increase in admission rate for respiratory
conditions, similar to findings of Crump (Crump et al., 2013) and Davydow (Davydow et al., 2016).

We also found similar increases for other respiratory conditions including pertussis, as well as for



herpes zoster and varicella. Our main analysis covered only the first few months of the COVID-19
pandemic in NSW and did not show increased hospitalisation for COVID-19. However secondary
analysis of a longer period of public hospital data found a two-fold risk of COVID admission in mental
health service users, consistent with recent findings from Israel (Goldberger et al., 2022). These
findings of increased hospitalisation rates across a broad spectrum of conditions suggest that causes
may also be broad, and that prevention strategies may need to consider diverse conditions and risk

groups.

We found that the normal age-related risk curve for vaccine-preventable hospitalisations appears to
be shifted to the left in mental health service users. Service users were, on average, almost a decade
younger when admitted for vaccine-preventable conditions. Mental health service users in their 40s
and 50s had particularly elevated risk of admission for vaccine-preventable respiratory conditions.
For effective prevention, public health strategies may need to consider the earlier onset of chronic
medical illness in this group (Firth et al., 2019). In Australia, as in many countries, mental health
conditions are not currently considered amongst criteria for subsidised access to vaccination at a
younger age than the general public for conditions such as influenza, pneumococcal pneumonia or
herpes zoster (Australian Technical Advisory Group on Immunisation, 2023, January 25). Hepatitis B
vaccines are only subsidised for those under 20 years old or for refugee backgrounds. Influenza
vaccines are subsidised for those over 65 years old, Aboriginal and Torres Strait Islander people
(Australian Technical Advisory Group on Immunisation, 2023, January 25), and people with selected
medical conditions. Severe mental illness is not included in the list of medical conditions allowing
subsidised vaccine access (Australian Technical Advisory Group on Immunisation, 2023, January 25).
This creates a significant barrier to service providers and individuals in increasing adult vaccination
for this population. By contrast, in New Zealand free access to influenza vaccines has been expanded
to include people living with a severe mental illness or accessing a mental health service (Manatu

Hauora New Zealand Ministry of Health, 2023, March 6).

Our findings suggest that vaccine-preventable illnesses cause significant harm in people living with
mental health conditions, and that increased hospitalisation risks are not simply explained by
differences in age, sex or socioeconomic status. More study is needed to demonstrate the
mechanisms of increased vaccine-preventable hospitalisations in this group. We do not currently

have data on vaccination status to explore these interactions in our study population.

We speculate that increased hospitalisations arise through interactions between increased
exposure, reduced vaccination, more severe illness, greater medical comorbidity and other risk

factors. Therefore improving vaccination rates is likely to be an important but not sufficient strategy

10



for reducing vaccine-preventable harms in mental health service users. We need strategies to reduce
policy barriers, increase access and improve vaccination coverage. We also need to understand and
address the many other risk factors likely to also contribute to the development of more severe

vaccine-preventable conditions in this group.

Increased rates of Hepatitis B in people with severe mental illness may reflect greater exposure
through injecting drug use (Hughes et al., 2016, Lluch and Miller, 2019), and for many people
exposure to hepatitis B may have occurred prior to the development of mental illness. Additionally,
this group may also have greater exposure to respiratory infections due to housing conditions or
exposures in health-care settings. Low vaccination rates are likely to contribute to high rates of
admission for respiratory conditions (Druss et al., 2002, Miles et al., 2020), but no studies have
reported both vaccination rates and harms in the same individuals. People living with mental health
conditions may have other risk factors and comorbidities causing more severe illness once exposed
to infection (Firth et al., 2019). For example, smoking rates are increased in people living with mental
health conditions, and smoking is a risk factor for more severe illness and ICU admission following
respiratory infections, including COVID (Vardavas and Nikitara, 2020). However, some studies have
found that increased hospitalisation risk for respiratory illness persists after adjusting for smoking
status and comorbid medical or substance use conditions (Crump et al., 2013, Davydow et al., 2016,
Mai et al., 2011), suggesting that other factors also contribute. The longer length of stay for VPH
admissions in our study may reflect more severe illness, social or other barriers to discharge, or a
combination of these factors. There has also been speculation that psychological distress or
depressive symptoms may reduce the immune response to vaccination, increasing the risk of illness
even when individuals are vaccinated (Abdeljaber et al., 1994, Ford et al., 2019, Glaser et al., 2003,

Segerstrom et al., 2012, Wang et al., 2016).

Strengths and limitations

This study identifies all vaccine-preventable hospital admissions for a population of more than 6
million adults and examines a population-wide cohort of people with mental health conditions. This
allows a whole population view of a wide range of specific vaccine-preventable conditions.

However, there are several limitations to the datasets used in this study.

First, we do not currently have linked data on vaccination status, and so cannot examine the

relationship between vaccination status and increased hospitalisation rates.

11



Second, our dataset does not include community mental health service contacts with primary care
or private mental health providers. Our cohort was defined using hospital and public community
mental health data and is likely to represent people with more severe or longstanding illness
sufficient to require hospital admission or be treated by public community services. They may not be
representative of broader groups receiving care only in primary care or private settings for

conditions such as depression or anxiety.

Third, our dataset does not include medication prescription data, and we were therefore unable to
examine whether psychotropic medications were associated with vaccine preventable
hospitalizations. A recent meta-analysis found that exposure to a wide range of psychotropics was
associated with increased COVID-related mortality (Vai et al., 2021). However, this may reflect risk
associated with the conditions for which those medications were prescribed, rather than
independent effects of the medications. Studies controlling for clinical and demographic
confounders have reported complex interactions between medications and COVID susceptibility or
severity. In people with severe mental illness mood stabilisers were associated with increased risk of
COVID infection, while Clozapine and Paliperidone were associated with reduced risk. In a large
emergency and acute care cohort, (Oskotsky et al., 2021) prior prescription of a selective serotonin
reuptake inhibitor was associated with reduced risk of COVID mortality after adjusting for
demographic, clinical, co-morbidity and treatment setting variables. More study is needed to
understand possible harmful or protective effects of psychotropic medications on vaccine-

preventable illnesses (Nemani et al., 2021).

Fourth, community mental health records in our large administrative dataset often lack diagnostic
information. We therefore combined diagnosis and duration of service contact to define a subgroup
with severe or persistent mental illness. While this is a common approach in operational definitions
of serious mental illness (Gonzales et al., 2022), it causes imprecision in our subgroup analyses
because many people not meeting the operational definition of severe and persistent mental illness

may still have had significant risk or impairment.

Finally, our current dataset does not cover the significant COVID-19 Omicron variant wave, which in
NSW peaked in the last quarter of 2021 and early 2022. Within the NSW health system, models of
care and patterns of hospitalisation for COVID continue to evolve. We plan to revise our current

estimates for COVID as further data become available in future linkage cycles

Conclusions

COVID-19 reminds us that vaccine programs are essential in reducing the impact of preventable

infections on individuals and health systems. There have been recent calls to ensure that people

12



living with mental illness are prioritised in the development of COVID vaccination strategies (De Hert
et al., 2021) and have equitable access to all vaccination programmes (Equally Well Alliance, 2021,

October 1).

We need ongoing study of the mechanisms and impacts of vaccine-preventable harms in people
living with mental illness, to identify priority conditions and groups, and to evaluate effective models

for intervention.
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Figure 1: Vaccine-preventable Hospitalisations (VPH) in NSW adults aged 18-100, by age group, gender and type of vaccine-preventable condition
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Figure 2: Average age at Vaccine-preventable Hospitalisation (VPH), comparing mental health (MH) service users to other NSW residents.
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Table 1

Table 1 Cohort description
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MH service NSW Population
users aged 18+
n (% of group) n (% of group)
Total 418,915 (100%) 6,162,602 (100%)
Sex
Female 217,843 (52%) 3,137,557 (51%)
Male 201,072 (48%) 3,025,046 (49%)
Age group
18-24 70,920 (17%) 733,781 (12%)
25-34 87,513 (21%) 1,186,254 (19%)
35-44 80,886 (19%) 1,050,450 (17%)
45-54 66,529 (16%) 1,001,947 (16%)
55-64 46,695 (11%) 923,220 (15%)
65-74 30,765 (7%) 708,857 (12%)
75-84 21,244 (5%) 387,496 (6%)
85+ 14,363 (3%) 170,598 (3%)
Disadvantage quintile
Q1 Most 70,165 (17%) 1,124,329 (18%)
Q2 116,543 (28%) 1,078,653 (18%)
Q3 76,946 (18%) 1,305,848 (21%)
Q4 68,601 (16%) 1,240,146 (20%)
Q5 Least 71,433 (17%) 1,413,626 (23%)
Unknown 15,227 (4%) -

Notes: Mental health service users aged 18-100, and NSW adult population, July 2015 to June 2020.
Estimated NSW adult population at study midpoint (Jan 2018). Disadvantage quintiles based on
person’s address of residence, using Index of Relative Socioeconomic Disadvantage (IRSD).
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TABLE 2: Vaccine-preventable hospitalisations (VPH) of adults (aged 18-100) to NSW public and private hospitals, July 2015 to June 2020, comparing people
receiving any hospital or community mental health care to the rest of the NSW population. Adjusted incidence rate ratios (alRR) after standardisation by (1)

age and sex, (2) age, sex and socioeconomic disadvantage.

VPH episodes

(n)

Crude rate

(per 100k person years)

Adjusted incidence rate ratios
(alRR), (95% Cl)

No MH No MH 2. Age, Sex,

MH care care MH care care IRR 1. Age, Sex. Disadvantage

Any Vaccine-preventable 10,679 83,501 726.7 284.6 2.6 3.1(3.0-3.1) 3.2(3.1-3.3)
Hepatitis B 4,901 26,371 333.5 89.9 3.7 4.2 (4.1-4.4) 4.4 (4.3-4.6)
Respiratory infections (1) 4,918 45,820 334.7 156.1 2.1 2.7(2.6-2.7) 2.8(2.7-2.9)
Influenza 3,609 35,381 245.6 120.6 2.0 2.5(2.5-2.6) 2.7 (2.6-2.8)
Haemophilus pneumonia 505 4,618 34.4 15.7 2.2 2.7 (2.5-3.0) 2.8(2.6-3.1)
Streptococcal pneumonia 901 6,220 61.3 21.2 2.9 3.5(3.2-3.7) 3.6(3.3-3.9)
CoVID 27 641 1.8 2.2 0.8 1.0(0.6-1.4) 0.9 (0.6-1.3)
Pertussis (whooping cough) 449 3.7 1.5 2.4 3.0(2.2-4.0) 3.1(2.3-4.2)
Other (2) 1,029 12,535 70.0 42.7 1.6 2.1(2.0-2.2) 2.2(2.0-2.3)
Herpes Zoster 761 9,106 51.8 31.0 1.7 2.2(2.0-2.4) 2.3(2.1-2.5)
Tuberculosis 162 2,301 11.0 7.8 1.4 1.6(1.4-1.9) 1.8(1.5-2.1)
Varicella (Chicken Pox) 101 1,108 6.9 3.8 1.8 2.2(1.8-2.7) 2.1(1.7-2.7)
Rotaviral enteritis 401 2.7 1.4 1.9 2.4(1.7-3.3) 2.5(1.7-3.5)

Notes: VPH: Vaccine-preventable Hospitalisation. MH: mental health. Disadvantage measured using index of relative socioeconomic disadvantage (IRSD) of
address of residence. (1) Respiratory group total includes 9 hospitalisations for Diphtheria. (2) Other group total includes 22 hospitalisations for Mumps,
Measles, Haemophilus meningitis, Tetanus, Rubella, Cholera, Acute poliomyelitis. The sum of individual conditions may exceed group totals because some

admissions have more than one VPH diagnosis recorded.
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Table 3: VPH admission rates, NSW public hospitals before and during COVID-19, by VPH condition
and MH service user group

VPH episodes Rate (per 100k person
(n) years) Adjusted Rate Ratio
MH Other MH Other
service NSW service NSW
PPH condition users residents users residents IRR alRR (95% Cl)
July 2015 to June 2020
Total Vaccine-preventable 10,263 73,370 698.4 250.0 2.8 3.3(3.3-3.4)
Hepatitis B 4,742 20,807 322.7 70.9 4.6 5.2(5.0-5.3)
Respiratory infections 4,731 42,551 322.0 1450 2.2 2.7 (2.7 - 2.8)
Influenza 3,456 32,742 235.2 111.6 2.1 2.6(2.5-2.7)
Haemophilus pneumonia 487 4,280 33.1 14.6 2.3 2.8(2.6-3.1)
Streptococcus pneumoniae 890 5,922 60.6 20.2 3.0 3.6(3.3-3.9)
CovID 26 628 2.2 21 1.0 1.1(0.8-1.7)
Other 957 11,195 65.1 38.2 1.7 2.2(2.0-2.3)
Herpes Zoster 709 7,927 48.3 27.0 1.8 2.4(2.2-2.6)
Tuberculosis 153 2,228 104 7.6 1.4 1.6(1.3-1.9)
Varicella (Chicken Pox) 98 1,039 6.7 3.5 1.9 2.3(1.8-2.8)
July 2020 to September 2021 (includes COVID Delta wave)
Total Vaccine-preventable 2,662 16,556 550.7 221.2 2.5 2.7 (2.6-2.8)
Hepatitis B 988 4,495 204.4 60.1 34 3.9(3.7-4.2)
Respiratory infections 1,466 10,030 303.3 1340 23 2.2(2.1-2.4)
Influenza 23 150 4.8 20 24 3.2(2.0-5.1)
Haemophilus pneumonia 68 397 14.1 53 2.7 3.4(2.6-4.5)
Streptococcus pneumoniae 155 642 32.1 8.6 3.7 4.3(3.6-5.1)
CovID 1,243 8,943 257.1 119.5 2.2 2.0(1.9-2.2)
Other 265 2,365 54.8 316 1.7 2.4(2.1-2.7)
Herpes Zoster 218 1,786 45.1 23.9 1.9 2.7(2.4-3.2)
Tuberculosis 30 432 6.2 5.8 1.1 1.1(0.8-1.7)

Varicella (Chicken Pox) 50 282 10.3 3.8 27 3.4(2.5-4.7)
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Vaccine-preventable hospitalisations in adult mental health service users: a population study.
Reviewer comments and responses

REVIEWER 1

Thanks for having the privilege to review the article. This study employed a large-scale
representative sample in the state of South Wales, Australia to investigate the risk of vaccine-
preventable hospitalisations (VPH) in adult mental service users relative to the other NSW residents
based on a population study. The key findings of this study include (1) mental health service users
had more VPH admissions. Relative risks were highest for hepatitis, but elevated for all conditions
including COVID-19. (2) mental health service users had a mean age nine years younger than other
NSW residents at first VPH admission, with the largest age gap for vaccine-preventable pneumonias
(11-13 years younger).

1. The evidence-based researches showed the use of antipsychotics on the significant higher
risk of pneumonia. Is the information available in the database? Could the use of psychotropic
medications confound the risk estimation of vaccine-preventable hospitalisations between the two
groups in the present study?

RESPONSE: This is an important point. We do not have access to medication information in
the current dataset. We have added a paragraph to the limitations section (p11) to
summarise evidence about possible harmful or protective effects of psychotropics and
acknowledge this gap in our study.

2. In this study, mental health service users were defined as NSW residents aged 18-100 years
who had any mental health hospitalisation or public community mental health contact between 1
July 2013 and 30 June 2020. What are their psychiatric diagnosis (the distribution)?

RESPONSE: Apologies for this omission. A supplementary table has been added
(supplementary Table 1, p22) summarizing diagnoses and care for the mental health cohort.

3. Were the subjects stratified to psychiatric outpatients or inpatients? Maybe the psychiatric
inpatients have higher risk for VPH.

RESPONSE Approximately half of the mental health cohort received community mental
health care only. We have added a subgroup analysis of these two groups (Supplementary
Table 5) and updated the methods (p6) and results (p9) to include this.

Overall, this subgroup analysis for admitted vs community care showed a similar pattern to
subgroup analysis for serious or persistent mental illness (SPMI) vs other mental health
service users. People with SPMI and people with any admitted mental health care had
slightly greater risk of any VPH and of the most frequent VPH types (respiratory conditions
and hepatitis), but risks were substantially increased in both groups compared to the
broader population.

4. In statistical analysis, adjusted incidence rate ratios (alRRs) were calculated after direct
standardisation for age, sex and socioeconomic status compared to the NSW population. Could the
authers more detailed information how to "adjusted" incidence rate ratio? What kind of statistical
analysis was used?



RESPONSE The methods section has been expanded to provide more information on the
direct standardisation method (page 6 para 2). A reference has also been added for the
specific SAS procedure (Proc STDRATE) used.

5. This study reported that the relative risks were highest for hepatitis. Did hepatitis including
hepatitis B and C, or others? How to explain? The relevant discussion was suggested to be added.

RESPONSE The study only included Hepatitis B. Hepatitis C was not included because it was
not considered a vaccine-preventable condition. Hepatitis A was not included because of the
extremely low rate of hospital admissions for this condition in NSW adults. A clarifying
sentence has been added to Primary Outcomes (p5)

6. Besides, how many (proportion) mental service users had received hepatitis B vaccines?
How about the other NSW residents?

RESPONSE Unfortunately, the study does not currently have access to vaccination data. This
is an important limitation, which we are working to address for future data linkages in our
ongoing study. We have tried to make this limitation clearer by including it in the relevant
section of the discussion (p10, final para) and emphasizing it as the first part of our
Limitations section.

7. This study reported that the most frequently diagnosed individual conditions were influenza
(41% of all VPH diagnoses), hepatitis B (33%) and herpes zoster (10%) in mental health service users.
How about the influenza and herpes zoster vaccination rates in mental health service users and the
other NSW residents?

RESPONSE Unfortunately, the study does not currently have access to vaccination data (see
point 6 above)

REVIEWER 2

This is an excellent and timely report on rates of vaccine preventable hospitalisations in people with
mental disorders, using New South Wales hospital record linkages. The paper is well written and
analysed, asks an important question, the data look good and the analyses and interpretation are
appropriate. My comments are minor.

1. You reference a paper giving details of record linkages, but perhaps give the linkage rates.

RESPONSE: Additional details on the variable used in linkage and the linkage false positive
rate has been added to the methods section (Data Linkage section, page 4)

2. It would be helpful to give the context of vaccine policies in NSW. Not all the diseases for which
there are vaccines are part of a general population vaccine policy (e.g. influenza has age limits etc).
Can you provide some supplementary data on this? The point being that there may be a range of
different reasons why VPH are more common in the mental illness group - some which are
addressable by policy and others which may be a reflection of vaccine hesitancy etc on the part of
the individual.

RESPONSE: Thankyou for the chance to strengthen the discussion on this important point.
More information has been provided about age-specific vaccine policies in the Discussion,
Page 10.



3. Of course it is possible that exposure to infectious illnesses like Hepatitis B occur before a mental
disorder is manifest and may be a reflection of vulnerability to mental disorder (e.g. drug use, risk
taking) rather than the disorder itself. The extent of any vaccine programme which seeks to reduce
VPH in people with mental disorders may be affected by these considerations.

RESPONSE: We agree, and have added this caution to the discussion on this issue (p11)

5. I would suggest a short paragraph in the discussion to address the issues raised in points 2 and 3
along the lines that improved vaccine coverage policy may not be totally effective, though are clearly
strongly supported by the data.

RESPONSE We have restructured the discussion to emphasise this point, adding a short
paragraph along the lines suggested (p11).
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Abstract

Background

Vaccine-preventable conditions cause preventable illness and may increase mortality in people living
with mental illness. We examined how risks of hospitalisation for a wide range of vaccine-

preventable conditions varied by age and sex among mental health service users.
Methods

Linked population data from New South Wales (NSW), Australia were used to identify vaccine-
preventable hospitalisations (VPH) for 19 conditions from 2015 to 2020. Adult mental health (MH)
service users (n=418,915) were compared to other NSW residents using incidence rates standardised
for age, sex and socioeconomic status. Secondary analyses examined admissions for COVID-19 to

Sept 2021.
Results

We identified 94,180 VPH of which 41% were influenza, 33% hepatitis B and 10% herpes zoster. MH
service users had more VPH admissions (alRR 3.2, 95% Cl 3.1 - 3.3). Relative risks were highest for
hepatitis (alRR 4.4, 95% Cl 4.3 — 4.6), but elevated for all conditions including COVID-19 (alRR 2.0,
95% Cl 1.9 —2.2). MH service users had a mean age nine years younger than other NSW residents at
first VPH admission, with the largest age gap for vaccine-preventable pneumonias (11-13 years

younger). The highest relative risk of VPH was among MH service users aged 45-65.
Conclusions

Mental health service users have increased risk of hospitalisation for many vaccine-preventable
conditions. This may be due to reduced vaccination rates, more severe illness requiring
hospitalisation, greater exposure to infectious conditions, or other factors. People living with mental

illness should be prioritised in vaccination strategies.



Background

People living with mental ill health experience increased rates of chronic and preventable medical
conditions, avoidable hospitalisations and premature mortality (Firth et al., 2019). Vaccine-
preventable conditions such as influenza, pneumonia, hepatitis and COVID-19 are likely to contribute

to this morbidity and mortality.

People living with mental ill health have low vaccination rates. Studies in clinical cohorts with severe
mental illness have found influenza vaccination rates from 25% (Lorenz et al., 2013) to as low as 7%
(Young et al., 2015), and rates for vaccination against pneumococcal pneumonia, measles and
hepatitis that are below 10% (Miles et al., 2020). US veterans with mental health conditions are up
to twenty percent less likely than other veterans to receive vaccination for pneumococcal disease or
influenza (Druss et al., 2002). In Israel, vaccination rates against COVID-19 were 25% lower in people

with non-affective psychoses than in the broader population (Goldberger et al., 2022).

Rates of vaccine-preventable conditions are also increased in people living with mental ill health.
Recent meta-analyses found that people with serious mental illness had up to five-fold increases in
the prevalence of Hepatitis B (Ayano et al., 2018, Hughes et al., 2016), with higher rates in men
(Ayano et al., 2018) and in people with a diagnosis of schizophrenia (Lluch and Miller, 2019). Fewer
studies have examined other vaccine-preventable conditions. In Taiwan’s national claims database
people with a broad range of mental health conditions were 30% more likely to be diagnosed with
Herpes Zoster (Yang et al., 2011), and people diagnosed with bipolar disorder were more than twice
as likely to be diagnosed with pneumonia or tuberculosis (Chen et al., 2022). A population study
from Israel found that people with a mental health condition were less likely to be diagnosed with

COVID-19, but this may have reflected lower testing rates (Goldberger et al., 2022).

Few studies have examined hospitalisations or deaths due to vaccine-preventable illnesses in large,
representative populations of people with a mental health condition. Studies from England, Sweden
and Denmark have suggested a two to three times increased risk of hospitalisation for influenza and
pneumonia in mental health service users, even when controlling for confounders such as smoking
status (Crump et al., 2013a, Crump et al., 2013b, Davydow et al., 2016, Seminog and Goldacre,
2013). InIsrael, people with mental health diagnoses had more than twice the population risk of
hospitalisation or death after diagnosis with COVID-19 (Goldberger et al., 2022). Two Australian
studies have examined sub-national (state) populations, finding a two- to four-fold increased risk of
hospitalisation for vaccine-preventable conditions including influenza, pneumonia and hepatitis (Mai

etal., 2011, Sara et al., 2021).



More evidence about vaccine-preventable hospitalisations is required to understand the scale of this
issue and to identify priority areas or groups for action. Most studies have focused on
hospitalisations for respiratory illness. No study has reported on a broad range of specific vaccine-
preventable conditions or presented age-specific risks. Many of the studies above include data from
the 1960s to the early 2000s, however we need updated data because of new vaccine approaches

and new patterns of illness, including COVID 19.

The current study describes hospitalisation rates for vaccine-preventable conditions in the state of
New South Wales (NSW), Australia. We examine hospitalisation rates over five years for nineteen
specific vaccine-preventable conditions. We compare rates for the overall adult population to those
in mental health service users, and report age- and sex-specific rates adjusting for differences in

socio-economic disadvantage.

Methods

Study design

All vaccine-preventable hospitalisations (VPH) were identified over five years in the state of New
South Wales (NSW), Australia using retrospective observational methods. The outcome of interest
was the number of vaccine-preventable hospitalisations (episodes of hospital care) (VPH) and the

number of VPH related hospital days, expressed as rates per 100,000 population per year.

Data linkage
Data from NSW public hospitals, private hospitals, public community mental health services and the

NSW Register of Births Deaths and Marriages were linked by the NSW Centre for Health Record

Linkage (CHeRel), using —probabilistic record linkage based on individuals’ names, date of birth,

addresses and health service identifiers. The linkage process is designed to give a false positive

linkage rate of around 5 per 1000 records. More detail on the datasets and linkage methods is

provided elsewhere (Sara et al., 2019)

Study setting

Vaccine-preventable hospitalisations to NSW private and government-funded (public) hospitals were
examined. Around 60% of Australian hospital care is provided through state operated public
hospitals (Australian Institute of Health and Welfare, 2022a). Private hospitals mainly provide non-
emergency care for individuals opting-in to private health insurance. Hospital diagnoses are
recorded using the International Classification of Diseases, 10™" Edition, Australian Modification

(National Centre for Classification in Health, 2010).



Mental health service users were defined by receiving any mental health care from a NSW public or
private hospital, or a state government operated (public) community mental health services. Public
community mental health services provide care to around 2% of the NSW population each year
(Australian Institute of Health and Welfare, 2022b), focusing on emergency care and longer term
care of severe or complex disorders. Primary and private mental health outpatient services see
around 11% of the NSW population each year (Australian Institute of Health and Welfare, 2022b),
and focus mainly on higher prevalence mental health conditions: data for those services are not

included in the current linkage.

Primary outcome: Vaccine-preventable hospitalisations

The main outcome was admission to any NSW public or private hospital with a primary or secondary
diagnosis of a vaccine-preventable hospitalisation (VPH) during a five-year period from 1 July 2015 to
30 June 2020. We examined 19 vaccine-preventable conditions, using specifications of the Australian
Commission on Quality and Safety in Health Care (Australian Commission on Safety and Quality in
Health Care, 2017) supplemented with additional codes. These were divided into three subgroups:
respiratory conditions (influenza, pneumococcal pneumonia, haemophilus pneumonia, pertussis,
diphtheria, COVID-19); hepatitis B, and; other vaccine-preventable conditions (herpes zoster,
tuberculosis, varicella, rotaviral enteritis, mumps, measles, haemophilus meningitis, tetanus, rubella,
cholera, acute poliomyelitis). Hepatitis B was grouped separately because of its high prevalence and
because its mode of transmission and associations were assumed to be different from those of other

conditions. Hepatitis C was not included as it is not currently vaccine preventable.

Mental health cohort definition

Mental health service users were defined as NSW residents aged 18-100 years who had any mental
health hospitalisation or public community mental health contact between 1 July 2013 and 30 June
2020. Mental health hospitalisations were defined as episodes of care in a public or private hospital
with a primary diagnosis of a non-organic mental health condition (ICD-10 codes F10-F99) or at least
one day in a designated mental health unit. Community contacts included face-to-face or telehealth
contacts with NSW public community mental health services. Services to non-NSW residents,
administrative contacts, case conferences and contacts by community teams with hospital inpatients
were excluded. Sex and area of residence were defined at the first (index) contact in the
observation period. Age was estimated at the midpoint of the study period. Mental health status
was treated as time-dependent, with events (hospitalisations) and exposure time (person years)
calculated from the date of each person’s index mental health contact in the study period, or from
the start of the study period (1 Jul 2015) if the index contact occurred during the two-year pre-study

look-back period. Deaths during the study period were identified by linkage to the NSW Register of



Births, Deaths and Marriages. If death occurred during the study period, time from the date of death

to the study end was excluded when calculating hospitalisation rates.

Data analysis

Data assembly and standardisation were conducted in SAS Enterprise Guide v7.15 and SAS v9.4.
VPH rates per 100,000 person-years were calculated for Mental Health (MH) and non-MH groups.
VPH episode and day rates were calculated for (i) any VPH, (ii) three VPH groups (respiratory,
hepatitis B, other), and (iii) 19 individual VPH conditions. Episodes with multiple VPH diagnoses were
counted separately for condition-specific rates but treated as a single episode when calculating

overall VPH rates.

For calculation of standardised rates, Age-specific admission rates were first calculated separately

for each study group, subgroup, vaccine preventable condition group, individual vaccine preventable

condition, and stratum of age using-eight-age-bands (18-24,25-34,35-44,45-54,55-64,65-75,75-

84,85+), sex and quintile of socioeconomic disadavantage. Socioeconomic disadvantage was

estimated from the person’s area of residence, using the Australian Bureau of Statistics Index of
Relative Socioeconomic Disadvantage (IRSD) (Australian Bureau of Statistics, 2006). This index is
calculated for Australian geographical areas using 17 census-derived variables measuring income,

government welfare support, education, home ownership, employment, household structure and

English language proficiency. Denominators for rate calculations were (i) for mental health service

users: stratum-specific populations from the mental health cohort and (ii) for other NSW residents:

census-derived population estimates from the Australian Bureau of Statistics for the midpoint of the

study period, after subtracting the relevant mental health service user population. Adjusted

Incidence Rate Ratios (alRRs) and 95% Log Normal confidence intervals were then calculated after

by direct standardisation for age, sex and socioeconomic status-cempared-te-the-NS\W-pepulation,
using the SAS procedure “Proc STDRATE” (SAS Institute Inc, 2020). Standardised rates were not

calculated where the number of VPH events in the MH cohort was less than 20.

A supplementary analysis was conducted to examine admission rates for COVID-19, using public
hospital data from July 2020 to September 2021. The original planned analysis included all NSW
public and private hospitals, however private hospital data were available only to June 2020. That
covered three months of the first wave of the NSW pandemic (April to June 2020), during which
hospital admissions for COVID-19 were uncommon. Public hospital data were available to
September 2021, which included the peak of the much larger NSW COVID-19 Delta wave. Rates and
adjusted rate ratios were calculated using the same methods and population denominators as the

main analyses.



Two A-subgroup analysesis was-were conducted. First we -te-examined VPH rates in mental health
service users with severe or persistent mental iliness (SPMI), who were defined as people with (i)
any diagnosis of schizophrenia, schizoaffective disorder, bipolar disorder or psychotic depression, or
(ii) more than two years of contact with mental health services, as measured from the dates of their
first and last mental health service contacts during the observation and pre-study lookback periods.

Second, we examined VPH rates in mental health service users who had received hospital care,

compared to people whose only mental health service contact was with community-based, non-

admitted mental health services.

Ethics approval

The study was approved by the NSW Population and Health Service Research Ethics Committee
(HREC/17/CIPHS/48. CINSW Refs 2017/HRE1105, 2019/UMB0208), and the Aboriginal Health and
Medical Research Council of NSW (Ref 1564/19).

Results

We identified 500,548 people who had at least one in-scope contact with NSW mental health
services in the study or look-back periods. Of these, we excluded 62,514 (12.5%) people aged under
18 at first contact, 12,987 (2.6%) with no valid age recorded, and 72 (0.01%) with sex missing or
recorded as “other than male or female”. We also excluded 5,706 people (1.1%) who had contact in
the pre-study look-back period but died before the start of the observation period. After these
exclusions 418,915 mental health service users were included in calculation of standardised rates.

Nineteen percent had a diagnosis of a psychotic disorder recorded, and approximately half (51%)

received community mental health care only (see Supplementary Table 1). Compared to NSW

population estimates for the mid-point of the study period (Jan 2018), mental health service users
were more likely to be female, aged under 45, and to live in regions in the most disadvantaged two

quintiles of the NSW population (Table 1).

During the study period there were 94,180 vaccine-preventable hospitalisations (VPH) to NSW public
or private hospitals (Table 2). Nearly all (89%) occurred in public hospitals. These hospitalisations
included 97,910 individual vaccine-preventable condition diagnoses, because a small number of
admissions included more than one such diagnosis. The most frequently diagnosed individual
conditions were influenza (41% of all VPH diagnoses), hepatitis B (33%) and herpes zoster (10%).
These three conditions, along with two vaccine-preventable pneumonias (haemophilus pneumoniae,
streptococcus pneumoniae) made up 98% of all VPH diagnoses. The study period for the primary
analysis included only the first three months of the COVID-19 pandemic; 668 COVID admissions

were recorded, including 27 in mental health service users. Conditions with fewer than 20



admissions in the mental health cohort are not reported separately but have been included in group
and state totals. These include mumps (109 total admissions), measles (30), haemophilus meningitis

(24), tetanus (16), rubella (12), cholera (10), diphtheria (9) and acute poliomyelitis (9).

Compared to other NSW residents, mental health service users were 2.6 times more likely to
experience a vaccine-preventable hospitalisation, with an alRR of 3.2 (95% Cl 2.1 — 2.2) after
standardising for age, sex and socioeconomic disadvantage. Relative risk was increased for all VPH

types other than COVID-19, with the highest relative risk for hepatitis B (alRR 4.4, 95% Cl 4.3 — 4.6).

A supplementary analysis was conducted for the period from July 2020 to September 2021 to
examine hospitalisation rates for COVID, using data for NSW public hospitals only (Table 3). During
this period there were 10,186 admissions for COVID-19 to NSW public hospital and “hospital in the
home” services (1,243 in mental health service users, 8,943 in other NSW residents). Overall VPH
admission rates fell during this period, dropping by 21% in the broader population and 12% in
mental health service users, with substantial reductions in admission for most VPH types and almost
complete absence of influenza hospitalisations. In this period, mental health users were twice as

likely to have a hospital admission with a COVID-19 diagnosis (alRR 2.0,95% Cl 1.9 —2.2).

Patterns of vaccine-preventable hospitalisation differed by age, sex and type of vaccine-preventable
condition (Figure 1 and Supplementary Table 42). In the broader NSW population VPH rates
approximately doubled for each decade over age 55. In mental health service users, rates increased
from a younger age with the highest relative risks in mental health service users aged 35-64. Mental
health service users aged 35-54 had very high relative risks of admission for hepatitis B. In mental

health service users aged 75 and above, relative risks converged towards population rates.

Earlier age-related increases in risk of VPH admission were also reflected in younger average age at
admission for mental health service users. On average mental health service users were 9 years
younger than other NSW residents when admitted with a VPH diagnosis (Figure 2). This age gap was
largest for respiratory conditions, particularly for pneumonia due to haemophilus (13 years) and

streptococcus (11 years).

Examining the secondary outcome of hospital bed days, mental health service users had a slightly
longer average length of hospital stay for vaccine-preventable conditions (MH service users 9.7 days,
other NSW residents 8.1 days). Because of the combination of a longer length of stay and a higher
hospitalisation rate, mental health service users experienced 3.8 times more hospital bed days per
capita than other NSW residents (95% Cl 3.77 — 3.82) after adjusting for age, sex and socioeconomic

status (Supplementary Table 2).



In subgroup analysis, people with severe or persistent mental illness (SPMI) made up 33% of people
and 40% of person-years in the mental health cohort (Supplementary Table 34). Standardised VPH
rates were highest in the SPMI group (alRR 4.0, 95% Cl 3.9-4.1), but also significantly elevated in
other mental health service users (alRR 2.8, 95% Cl 2.8-2.9) compared to other NSW residents. The
highest relative risk in the SPMI group was for Hepatitis B (alRR 6.1, 96% Cl 5.8 - 6.3). Both groups of
mental health service users had significantly increased risk of hospitalisation for all disorders
examined. The SPMI subgroup had significantly higher standardised VPH rates than the other mental
health subgroup overall, for hepatitis and respiratory conditions. However, the other mental health
subgroup had higher standardised VPH rates than the SPMI subgroup for other vaccine-preventable

conditions, including herpes zoster, tuberculosis and varicella. A similar pattern was seen in

subgroup analysis based on the type of mental health care received (Supplementary Table 5).

Compared to non-mental health-service users, the relative risk of any VPH was slightly higher in

people with any mental health hospital care (alRR 3.6, 95% CI3.5-3.7) than in people receiving

community mental health care only (alRR 3.1, 95% CI 3.0 — 3.2). Compared to people with

community mental health care only, people with admitted mental health care had slightly higher risk

of VPH for hepatitis and respiratory conditions but slightly lower risk for other vaccine-preventable

conditions.

Discussion
We examined hospitalisations for 19 individual vaccine-preventable conditions in 418,915 adult

mental health service users over a five-year period and compared hospitalisation rates to a broader
population of 6.2 million adults. Each year in NSW there were nearly 20,000 VPH, occupying more
than 120,000 bed days. After adjusting for differences in age, sex and socioeconomic disadvantage,
mental health service users were 3.2 times more likely than other NSW residents to be admitted to
hospital for a vaccine-preventable condition and had 3.8 times more days in hospital per capita for
those conditions. The highest relative risk in mental health service users was for hepatitis B, but VPH
rates were increased across the spectrum of vaccine-preventable conditions, including COVID-19.
The rate of VPH was slightly higher in the subgroup of mental health service users with severe and

persistent mental illness, but other mental health service users also had significantly increased rates.

Previous studies have found that people with prior mental health service contact were two to three
times more likely to be admitted for influenza and pneumonia (Crump et al., 2013a, Mai et al., 2011,
Seminog and Goldacre, 2013). We found a 2.8 fold increase in admission rate for respiratory
conditions, similar to findings of Crump (Crump et al., 2013b) and Davydow (Davydow et al., 2016).

We also found similar increases for other respiratory conditions including pertussis, as well as for



herpes zoster and varicella. Our main analysis covered only the first few months of the COVID-19
pandemic in NSW and did not show increased hospitalisation for COVID-19. However secondary
analysis of a longer period of public hospital data found a two-fold risk of COVID admission in mental
health service users, consistent with recent findings from Israel (Goldberger et al., 2022). These
findings of increased hospitalisation rates across a broad spectrum of conditions suggest that causes
may also be broad, and that prevention strategies may need to consider diverse conditions and risk

groups.

We found that mental health service users had a mean age that was almost a decade younger when
admitted for vaccine-preventable conditions, and that those in their 40s and 50s had particularly
elevated risk of admission for vaccine-preventable respiratory conditions. The normal age-related
risk curve for vaccine-preventable hospitalisations appears to be shifted to the left lefi-in mental
health service users. For effective prevention, public health strategies may need to consider the
earlier onset of chronic medical illness in this group (Firth et al., 2019). In Australia, as in many
countries, mental health conditions are not currently considered amongst criteria for earlier

subsidised access to vaccination at a younger age than the general public for conditions such as

influenza, pneumococcal pneumonia or herpes zoster (Australian Technical Advisory Group on

Immunisation, 2022). Hepatitis B vaccines are only subsidised for those under 20 years old or for

refugee backgrounds, and Influenza vaccines are subsidised for those over 65 years old, Aboriginal

and Torres Strait Islander people (Australian Technical Advisory Group on Immunisation, 2022),

creating a large barrier to both service providers and individuals in increasing adult vaccination for

this population. - The influenza vaccine is subsidised in Australia for people with a medical condition

that puts them at higher risk of getting serious influenza disease, however severe mental illness is

not included in this list (Australian Technical Advisory Group on Immunisation, 2022). By contrast, in

New Zealand free access to influenza vaccines has reeently-been expanded to include people living
with a severe mental illness or accessing a mental health service (Manatu Hauora New Zealand

Ministry of Health, 2022).

Our findings suggest that vaccine-preventable illnesses cause significant harm in people living with
mental health conditions, and that increased hospitalisation risks are not simply explained by
differences in age, sex or socioeconomic status. More study is needed to demonstrate the

mechanisms of increased vaccine-preventable hospitalisations in this group. We do not currently

have data on vaccination status to explore these interactions in our study population.

We speculate that increased hospitalisations arise through interactions between increased

exposure, reduced vaccination, more severe illness, greater medical comorbidity and other risk
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factors. Therefore improving vaccination rates is likely to be an important but not sufficient strategy

for reducing vaccine-preventable harms in mental health service users. We need strategies to reduce

policy barriers, increase access and improve vaccination coverage. We also need to understand and

address the many other risk factors likely to also contribute to the development of more severe

vaccine-preventable conditions in this group.

-Increased rates of Hepatitis B in people with severe mental illness may reflect greater exposure

through injecting drug use (Hughes et al., 2016, Lluch and Miller, 2019), and there-isthe potential

thatthefor many people exposure to hepatitis B expesure-may have occurred prior to the

development of mental illness.; Additionally-ax€, this group may also have greater exposure to

respiratory infections due to housing conditions or exposures in health-care settings. Low
vaccination rates are likely to contribute to high rates of admission for respiratory conditions (Druss
et al., 2002, Miles et al., 2020), but no studies have reported both vaccination rates and harms in the
same individuals. People living with mental health conditions may have other risk factors and
comorbidities causing more severe illness once exposed to infection (Firth et al., 2019). For example,
smoking rates are increased in people living with mental health conditions, and smoking is a risk
factor for more severe illness and ICU admission following respiratory infections, including COVID
(Vardavas and Nikitara, 2020). However, some studies have found that increased hospitalisation risk
for respiratory illness persists after adjusting for smoking status and comorbid medical or substance
use conditions (Crump et al., 2013a, Crump et al., 2013b, Davydow et al., 2016, Mai et al., 2011),
suggesting that other factors also contribute. The longer length of stay for VPH admissions in our
study may reflect more severe illness, social or other barriers to discharge, or a combination of these
factors. There has also been speculation that psychological distress or depressive symptoms may
reduce the immune response to vaccination, increasing the risk of illness even when individuals are
vaccinated (Abdeljaber et al., 1994, Ford et al., 2019, Glaser et al., 2003, Segerstrom et al., 2012,
Wang et al., 2016).

Strengths and limitations

This study identifies all vaccine-preventable hospital admissions for a population of more than 6
million adults and examines a population-wide cohort of people with mental health conditions. This
allows a whole population view of a wide range of specific vaccine-preventable conditions.

However there are several limitations to the datasets used in this study.

First, we do not currently have linked data on vaccination status, and so cannot examine the

relationship between vaccination status and increased hospitalisation rates.
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Second, Sour dataset does not include community mental health service contacts with primary care

or private mental health providers. Our cohort was defined using hospital and public community
mental health data, and is likely to represent people with more severe or longstanding illness
sufficient to require hospital admission or be treated by public community services. They may not be
representative of broader groups receiving care only in primary care or private settings for

conditions such as depression or anxiety.

Third, our dataset does not include medication prescription data, and as such we were unable to

analyse if the use of psychotropic medications was associated with vaccine preventable

hospitalizations. More severe infectious disease in people living with mental health conditions is

likely to reflect many causes including shared risk factors, delayed care, or biological factors such as

impaired immune responses. A recent meta-analysis found that exposure to a wide range of

psychotropics was also associated with increased COVID-related mortality (Vai et al., 2021).

However, this may reflect risk associated with the conditions for which those medications were

prescribed, rather than independent effects of the medications. Studies controlling for likely clinical

and demographic confounders have reported a more complex relationship between medications

and COVID susceptibility or severity. In people with severe mental illness mood stabilisers were

associated with increased risk of COVID infection, while Clozapine and Paliperidone were associated

with reduced risk. In a large emergency and acute care cohort, (Oskotsky et al., 2021) prior

prescription of a selective serotonin reuptake inhibitor was associated with reduced risk of COVID

mortality after adjusting for demographic, clinical, co-morbidity and treatment setting variables.

More study is needed to understand possible harmful or protective effects of psychotropic

medications on vaccine-preventable illnesses (Nemani et al., 2021).

Fourth, Evommunity mental health records in our large administrative dataset are often missing
diagnostic information. We therefore combined diagnosis and duration of service contact to define a
subgroup with severe or persistent mental illness. This is a common approach in operational
definitions of serious mental iliness (Gonzales et al., 2022). However, this causes imprecision in our
subgroup analyses because some people not meeting the operational definition of severe and

persistent mental illness may still have had significant risk or impairment.

Finally, ©our current dataset does not cover the significant COVID-19 Omicron variant wave, which
in NSW peaked in the last quarter of 2021 and early 2022. Within the NSW health system, models of
care and patterns of hospitalisation for COVID continue to evolve. We plan to revise our current

estimates for COVID as further data become available in future linkage cycles—We-de-netecurrently
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Conclusions

COVID-19 reminds us that vaccine programs are essential in reducing the impact of preventable
infections on individuals and health systems. There have been recent calls to ensure that people
living with mental illness are prioritised in the development of COVID vaccination strategies (De Hert

et al., 2020) and have equitable access to all vaccination programmes (Equally Well Alliance, 2021).

We need ongoing study of the mechanisms and impacts of vaccine-preventable harms in people
living with mental illness, to identify priority conditions and groups, and to evaluate effective models

for intervention.
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Table 1 Cohort description

MH service
users
n (% of group)

NSW Population
aged 18+
n (% of group)

Total

418,915 (100%)

6,162,602 (100%)

Sex

Female

217,843 (52%)

3,137,557 (51%)

Male

201,072 (48%)

3,025,046 (49%)

Age group

18-24

70,920 (17%)

733,781 (12%)

25-34

87,513 (21%)

1,186,254 (19%)

35-44

80,886 (19%)

1,050,450 (17%)

45-54

66,529 (16%)

1,001,947 (16%)

55-64

46,695 (11%)

923,220 (15%)

65-74

30,765 (7%)

708,857 (12%)

75-84

21,244 (5%)

387,496 (6%)

85+

14,363 (3%)

170,598 (3%)

Disadvantage quintile

Q1 Most

70,165 (17%)

1,124,329 (18%)

Q2

116,543 (28%)

1,078,653 (18%)

Q3

76,946 (18%)

1,305,848 (21%)

Q4

68,601 (16%)

1,240,146 (20%)

Q5 Least

71,433 (17%)

1,413,626 (23%)

Unknown

15,227 (4%)

Notes: Mental health service users aged 18-100, and NSW adult population, July 2015 to June 2020.

Estimated NSW adult population at study midpoint (Jan 2018). Disadvantage quintiles based on
person’s address of residence, using Index of Relative Socioeconomic Disadvantage (IRSD).
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TABLE 2: Vaccine-preventable hospitalisations (VPH) of adults (aged 18-100) to NSW public and private hospitals, July 2015 to June 2020, comparing people
receiving any hospital or community mental health care to the rest of the NSW population. Adjusted incidence rate ratios (alRR) after standardisation by (1)

age and sex, (2) age, sex and socioeconomic disadvantage.

VPH episodes

(n)

Crude rate

(per 100k person years)

Adjusted incidence rate ratios
(alRR), (95% Cl)

No MH No MH 2. Age, Sex,

MH care care MH care care IRR 1. Age, Sex. Disadvantage

Any Vaccine-preventable 10,679 83,501 726.7 284.6 2.6 3.1(3.0-3.1) 3.2(3.1-3.3)
Hepatitis B 4,901 26,371 333.5 89.9 3.7 4.2 (4.1-4.4) 4.4 (4.3-4.6)
Respiratory infections (1) 4,918 45,820 334.7 156.1 2.1 2.7(2.6-2.7) 2.8(2.7-2.9)
Influenza 3,609 35,381 245.6 120.6 2.0 2.5(2.5-2.6) 2.7 (2.6-2.8)
Haemophilus pneumonia 505 4,618 34.4 15.7 2.2 2.7 (2.5-3.0) 2.8(2.6-3.1)
Streptococcal pneumonia 901 6,220 61.3 21.2 2.9 3.5(3.2-3.7) 3.6(3.3-3.9)
CoVID 27 641 1.8 2.2 0.8 1.0(0.6-1.4) 0.9 (0.6-1.3)
Pertussis (whooping cough) 449 3.7 1.5 2.4 3.0(2.2-4.0) 3.1(2.3-4.2)
Other (2) 1,029 12,535 70.0 42.7 1.6 2.1(2.0-2.2) 2.2(2.0-2.3)
Herpes Zoster 761 9,106 51.8 31.0 1.7 2.2(2.0-2.4) 2.3(2.1-2.5)
Tuberculosis 162 2,301 11.0 7.8 1.4 1.6(1.4-1.9) 1.8(1.5-2.1)
Varicella (Chicken Pox) 101 1,108 6.9 3.8 1.8 2.2(1.8-2.7) 2.1(1.7-2.7)
Rotaviral enteritis 401 2.7 1.4 1.9 2.4(1.7-3.3) 2.5(1.7-3.5)

Notes: VPH: Vaccine-preventable Hospitalisation. MH: mental health. Disadvantage measured using index of relative socioeconomic disadvantage (IRSD) of
address of residence. (1) Respiratory group total includes 9 hospitalisations for Diphtheria. (2) Other group total includes 22 hospitalisations for Mumps,
Measles, Haemophilus meningitis, Tetanus, Rubella, Cholera, Acute poliomyelitis. The sum of individual conditions may exceed group totals because some

admissions have more than one VPH diagnosis recorded.
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Table 3: VPH admission rates, NSW public hospitals before and during COVID-19, by VPH condition
and MH service user group.

VPH episodes Rate (per 100k person
(n) years) Adjusted Rate Ratio
MH Other MH Other
service NSW service NSW
PPH condition users residents users residents IRR alRR (95% Cl)
July 2015 to June 2020
Total Vaccine-preventable 10,263 73,370 698.4 250.0 2.8 3.3(3.3-3.4)
Hepatitis B 4,742 20,807 322.7 70.9 4.6 5.2(5.0-5.3)
Respiratory infections 4,731 42,551 322.0 145.0 2.2 2.7 (2.7 -2.8)
Influenza 3,456 32,742 235.2 111.6 2.1 2.6(2.5-2.7)
Haemophilus pneumonia 487 4,280 33.1 14.6 2.3 2.8(2.6-3.1)
Streptococcus pneumoniae 890 5,922 60.6 202 3.0 3.6(3.3-3.9)
CovID 26 628 2.2 21 1.0 1.1(0.8-1.7)
Other 957 11,195 65.1 38.2 1.7 2.2(2.0-2.3)
Herpes Zoster 709 7,927 48.3 27.0 1.8 2.4(2.2-2.6)
Tuberculosis 153 2,228 10.4 7.6 1.4 1.6 (1.3-1.9)
Varicella (Chicken Pox) 98 1,039 6.7 3.5 1.9 2.3(1.8-2.8)
July 2020 to September 2021 (includes COVID Delta wave)
Total Vaccine-preventable 2,662 16,556 550.7 221.2 2.5 2.7 (2.6-2.8)
Hepatitis B 988 4,495 204.4 60.1 3.4 3.9(3.7-4.2)
Respiratory infections 1,466 10,030 303.3 1340 23 2.2(2.1-2.4)
Influenza 23 150 4.8 20 24 3.2(2.0-5.1)
Haemophilus pneumonia 68 397 14.1 53 2.7 3.4(2.6-4.5)
Streptococcus pneumoniae 155 642 32.1 8.6 3.7 4.3(3.6-5.1)
CovID 1,243 8,943 257.1 119.5 2.2 2.0(1.9-2.2)
Other 265 2,365 54.8 316 1.7 2.4(2.1-2.7)
Herpes Zoster 218 1,786 45.1 23.9 1.9 2.7(2.4-3.2)
Tuberculosis 30 432 6.2 5.8 1.1 1.1(0.8-1.7)
Varicella (Chicken Pox) 50 282 10.3 3.8 2.7 3.4(2.5-4.7)
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Figure 1: Vaccine-preventable Hospitalisations (VPH) in NSW adults aged 18-100, by age group, gender and type of vaccine-preventable condition.
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Figure 2: Average age at Vaccine-preventable Hospitalisation (VPH), comparing mental health (MH) service users to other NSW residents.

OMHserviceusers QO Other NSWresidents Gap (yrs)
Any VPH 55 O O 64 9
Any Respiratory VPH 59 O O 68 9
Pneumonia (Haemoph) 58 O O 70 13
Influenza 59 O O 68 9
Pneumonia (Strep) 55 O QO 66 11
Pertussis 56 O O 62 6
COVID-19 41 Q QO 4 5
Any other VPH 62 O O 67 6
Zoster 65 O O 73 8
Rotaviral enteritis 55 O O 62 6
Varicella 53 O O 57 4
Tuberculosis 52 (D 54 -2
Hepatitis B 51 O O 57 6
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SUPPLEMENTARY MATERIAL
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SUPPLEMENTARY TABLE 1 Additional data on diagnosis and characteristics of care, mental health cohort. Diagnoses were obtained from all service contacts

for an individual in the study period. Diagnostic hierarchy was applied in the order listed in the table. “Unspecified MH diagnosis” is due to the high rate of

diagnosis code ‘F99’ (Mental health diagnosis not otherwise specified) in people who only received community care (see methods). Severe or persistent

mental illness defined as any diagnosis of psychosis or a duration of mental health care greater than two years.

Characteristics N  Pct
Total MH service users 418,915 100%
Diagnosis group ) _
Psychotic disorders 77,630 19%
Other specified MH diagnoses 196,393 47%
Self-harm or suicide attempt only 5,654 1.3%
Unspecified MH diagnosis 133,876 32%
Medical / non-mental health diagnosis only 5,266 1.3%
No diagnosis recorded 96 0.0%
Type of mental health care B B
Community MH care only 214,628 51%
Community and hospital MH care 140,102 33%
Hospital MH care only 64,185 15%

Type of mental health hospital care
No MH hospital care

214,628 51%

Public hospital only 164,550 39%
Private and public hospital 14,058 3.4%
Private hospital only 25,679 6.1%
Duration of mental health care B B
Less than two years 311,943 74%
Two or more years 106,972 26%
Severe or persistent mental illness group ~ ~
Severe or persistent mental illness 138,422 33%
Other 280,493 67%

23



SUPPLEMENTARY TABLE 12. Data for Figure 1. Vaccine-preventable Hospitalisations (VPH) in NSW adults aged 18-100, by age group, gender and vaccine-
preventable condition group. Rate per 100,000 person years and adjusted Incidence Rate Ratio (alRR) after standardisation for socioeconomic
disadvantage, comparing mental health service users (MH) to other NSW residents (No MH).

All VPH (Rate, alRR) Hepatitis (Rate, alRR) Respiratory (Rate, alRR) Other (Rate, alRR)
MH  No MH alRR (95%Cl) MH No MH alRR (95%Cl) MH No MH alRR (95%Cl) | MH No MH alRR (95%Cl)

Females

18-24 172 58 3.1(2.5-3.7) 27 8 3.2(2.3-4.6) 131 40 3.3(2.8-3.9) 14 10 1.4(0.9-2.2)
25-34 296 143 3.9 (3.5-4.4) 111 68 1.6(1.4-1.9) 164 59 2.8(2.4-3.2) 27 17 1.6(1.2-2.2)
35-44 383 173 6.0 (5.6-6.5) 205 97 2.1(1.9-2.4) 152 62 2.5(2.1-2.8) 28 16 1.7 (1.2-2.3)
45-54 699 161 6.2 (5.8-6.6) 352 78 4.5 (4.1-5.0) 301 68 4.5 (4.0-5.0) 56 17 3.2(2.5-4.2)
55-64 1,092 273 5.9(5.6-6.2) 488 111 4.4(3.9-4.9) 496 129 3.8(3.5-4.3) 127 36 3.5(2.8-4.3)
65-74 1,212 423 3.1(2.9-3.4) 306 113 2.7 (2.3-3.2) 732 251 2.9(2.6-3.2) 182 64 2.8(2.3-3.5)
75-84 1,467 812 2.0(1.8-2.2) 124 105 1.2 (0.9-1.6) 1,078 557 1.9(1.7-2.1) 282 158 1.8(1.5-2.2)
85+ 1,824 1,558 1.2(1.0-1.3) 35 105 0.3(0.2-0.7) 1,418 1,123 1.3(1.1-1.4) 372 343 1.1(0.9-1.3)
Males

18-24 113 37 3.2(2.3-4.6) 23 2 10.1(6.1-16.6) 80 25 3.2(2.5-4.0) 10 9 1.1(0.6-2.0)
25-34 236 60 1.6(1.4-1.9) 90 15 5.9(4.9-7.2) 120 33 3.7(3.1-4.3) 25 14 1.8(1.3-2.6)
35-44 618 103 2.1(1.9-2.4) 415 41 10.1(9.2-11.2) 177 47 3.8(3.3-4.3) 41 18 2.3(1.8-3.0)
45-54 1,084 175 4.5(4.1-5.0) 757 91 8.3(7.7-8.9) 301 70 4.3(3.8-4.8) 57 17 3.4(2.6-4.3)
55-64 2,071 351 4.4(3.9-4.9) 1,419 194 7.3(6.8-7.8) 608 131 4.7 (4.2-5.1) 87 33 2.7(2.1-3.4)
65-74 1,683 539 2.7(2.3-3.2) 623 217 2.9(2.6-3.2) 881 264 3.3 (3.0-3.7) 200 71 2.8(2.3-3.5)
75-84 2,025 1,019 1.2 (0.9-1.6) 323 219 1.5(1.2-1.8) 1,423 661 2.2 (1.9-2.4) 311 154 2.0(1.6-2.5)
85+ 2,244 1,937 0.3(0.2-0.7) 297 162 1.8(1.3-2.6) 1,598 1,436 1.1(1.0-1.3) 382 365 1.0(0.8-1.4)
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SUPPLEMENTARY TABLE 23: Vaccine-preventable hospital bed days for adults (aged 18-100) to NSW public and private hospitals, July 2015 to June 2020,
comparing people receiving any hospital or community mental health care to the rest of the NSW population. Adjusted incidence rate ratios (alRR) after

standardisation by (1) age and sex, (2) age, sex and socioeconomic disadvantage. Individual VPH types with fewer than 20 occurrences in the mental health

group are not shown, but admissions are included in group and state totals.

VPH bed days (n)

Crude rate (per 100k person years)

Adjusted rate ratios (alRR), (95% Cl)

MH care No MH care MH care No MH care IRR 1. Age, Sex. 2. Age, Sex, Disadv.

Total Vaccine-preventable 80,915 555,863 5,507 1,894 29 3.1(3.0-3.1) 3.8(3.8-3.8)
Hepatitis B 29,809 128,404 2,029 438 4.6 4.2 (4.1-4.4) 5.7 (5.6 - 5.8)
Respiratory infections (1) 41,395 328,155 2,817 1,118 2.5 2.7 (2.6-2.7) 3.4(3.4-3.4)
Influenza 29,149 237,049 1,984 808 2.5 2.5(2.5-2.6) 3.4(3.4-3.4)
Haemophilus pneumonia 4,967 41,222 338 141 2.4 2.7 (2.5-3.0) 3.1(3.0-3.2)
Streptococcus pneumoniae 7,379 46,041 502 157 3.2 3.5(3.2-3.7) 4.0(3.9-4.1)
CoVvID 352 7,788 24 27 09 1.0(0.6-1.4) 1.0(0.9-1.1)
Pertussis (whooping cough) 426 2,904 29 10 29 3.0(2.2-4.0) 4.4(3.9-4.9)
Other (2) 11,004 107,547 749 367 2.0 2.1(2.0-2.2) 2.8 (2.7 -2.8)
Herpes Zoster 6,982 69,075 475 235 2.0 2.2(2.0-2.4) 2.9(2.8-2.9)
Tuberculosis 3,006 30,435 205 104 2.0 1.6(1.4-1.9) 2.4(2.3-2.5)
Varicella (Chicken Pox) 881 6,622 60 23 2.7 2.2(1.8-2.7) 3.4(3.1-3.6)
Rotaviral enteritis 386 2,575 26 9 3.0 2.4 (1.7-3.3) 4.1(3.7-4.6)

Notes: VPH: Vaccine-preventable Hospitalisation. MH: mental health. Disadv: Disadvantage, measured using index of relative socioeconomic disadvantage
(IRSD) of address of residence. (1) Respiratory group total includes 9 hospitalisations with Diptheria. (2) Other group total includes 22 hospitalisations with

Mumps, Measles, Haemophilus meningitis, Tetanus, Rubella, Cholera, Acute poliomyelitis. The sum of individual conditions may exceed group totals

because some admissions have more than one VPH diagnosis recorded.
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SUPPLEMENTARY TABLE S34: Subgroup analysis of Vaccine-preventable hospitalisations: Rate per 100,000 person years and adjusted Incidence Rate Ratio
(alRR) for mental health service users overall, and divided into subgroups of (i) severe and persistent mental illness or (ii) other mental health service users.
Severe and persistent mental illness defined as any diagnosis of psychosis, bipolar disorder or psychotic depression, or more than two years of mental
health service use. Admissions from July 2015 to June 2020. Standardised rates not calculated where there were 20 or fewer admissions in the period in

the mental health group.

Rest of NSW All MH service users Severe and Persistent Other Mental Health
Population (n=418,915) Mental lliness service users
(n =138,422) (n=280,493)
PPH Rate PPH  Rate alRR Rate alRR Rate alRR
events events (95% Cl) (95% Cl) (95% Cl)
Total Vaccine-preventable 83,501 285 10,679 727 3.2(3.1-3.3) 1,052 4.0(3.9-4.1) 783 2.8 (2.8-2.9)
Hepatitis B 26,371 90 4,901 334 4.4(4.3-4.6) 501 6.1(5.8-6.3) 309 3.6 (3.4-3.7)
Respiratory infections 45,820 156 4,918 335 2.8(2.7-2.9) 488 3.4(3.2-3.6) 387 2.6 (2.5-2.7)
Influenza 35,381 121 3,609 246 2.7 (2.6-2.8) 357 3.2(3.0-3.4) 290 2.5(2.4-2.6)
Haemophilus pneumonia 4,618 16 505 34 2.8(2.6-3.1) 52 3.6(3.2-4.2) 38 2.5(2.2-2.8)
Streptococcus pneumonia 6,220 21 901 61 3.6(3.3-3.9) 90 4.7(4.2-5.2) 64 3.1(2.8-3.5)
CoviD 641 2.2 27 1.8 0.9(0.6-1.3) - - - -
Pertussis 449 1.5 55 3.7 3.1(2.3-4.2) 45 3.2(2.0-5.2) 50  3.4(2.4-4.9)
Other 12,535 43 1,029 70 2.2(2.0-2.3) 80 2.0(1.8-2.3) 101 2.4 (2.2-2.6)
Herpes Zoster 9,106 31 761 52 2.3(2.1-2.5) 59 2.1(1.8-2.4) 77 2.6 (2.3-2.8)
Tuberculosis 2,301 7.8 162 11.0 1.8(1.5-2.1) 13 1.8(1.3-2.4) 15  2.0(1.6-2.5)
Varicella (Chicken Pox) 1,108 3.8 101 6.9 2.1(1.7-2.7) 6.6 1.9(1.3-2.8) 9.0 2.5(1.9-3.2)
Rotaviral enteritis 401 1.4 39 2.7 2.5(1.7-3.5) - - - -
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SUPPLEMENTARY TABLE S5: Subgroup analysis of Vaccine-preventable hospitalisations: Rate per 100,000 person years and adjusted Incidence Rate Ratio
(alRR) for mental health service users overall, and divided into subgroups of (i) people with at least one public or private hospital admission for mental
health care or (ii) people whose only mental health care occurred in community settings. Admissions from July 2015 to June 2020. Standardised rates not
calculated where there were 20 or fewer admissions in the period in the mental health group.

Rest of NSW } All MH service users _ Any mental health _ Community mental
Population hospitalisation health care only
PPH Rate .  PPH Rate  alRR  _ Rate  alRR  _ Rate  alRR
events events (95% ClI) (95% ClI) (95% ClI)
Total Vaccine Preventable 83,501 285 10,679 727 3.2(3.1-33) _ 806 3.6(3.5-3.7) 676 3.1(3.0-3.2)
Hepatitis B 26,371 90 4901 334 4.4(43-4.6) _ 407 5.3(5.1-5.5) 267 3.9(3.8-4.2)
Respiratory infections 45,820 156 4,918 335 2.8(2.7-2.9) _ 349 3.1(2.9-3.2) 338 2.8(2.7-2.9)
Influenza 35381 121 3,609 246 2.7(2.6-2.8) 249  2.9(2.7-3.0) 259 2.7(2.6-2.9)
Haemophilus pneumonia 4,618 16 505 34 2.8(2.6-3.1) 39 3.4(3.0-3.9) 31 2.5(2.1-2.9)
Streptococcus pneumonia 6,220 21 901 61 3.6(3.3-3.9) 67 4.1 (3.7 -4.5) 56 3.5(3.1-3.9)
COVvID 641 22 | 27 1.8 0.9(0.6-1.3) - - 3 - -
Pertussis 449 15 55 3.7 3.1(2.3-4.2) 3.4  3.4(2.2-5.2) 4.4 3.1(2.1-4.7)
Other 12,535 43 1,029 70 2.2(2.0-23) 61  2.0(1.8-2.2) 83 2.7(2.4-2.9)
Herpes Zoster 9,106 31 761 52 2.3(2.1-2.5) 44 2.1(1.9-2.3) 63 2.8(2.5-3.1)
Tuberculosis 2,301 7.8 162 11.0 1.8(1.5-2.1) 10  1.5(1.1-1.9) 12 2.3(1.9-2.9)
Varicella (Chicken Pox) 1,108 3.8 101 6.9 21(1.7-2.7) 5.5 1.8 (1.3-2.5) 85 2.9(2.2-3.8)
Rotaviral enteritis 401 14 39 2.7 25(1.7-3.5) - - B - -
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