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Introduction: The incidence of hospital-acquired pneumonia (HAP) is high in
the medical setting for mental disorders. To date, effective measurements for
preventing HAP in hospitalized mental disorder patients are unavailable.

Methods: This study was conducted at the Large-Scale Mental Health Center
of Renmin Hospital of Wuhan University (Wuhan, China) in two phases: baseline
phase (January 2017-December 2019) and intervention phase (May 2020-April
2022). In the intervention phase, the HAP bundle management strategy was
implemented in the Mental Health Center, and the data on HAP were collected
continuously for analysis.

Results: A total of 18,795 and 9,618 patients were included in the baseline and
intervention phases, respectively. The age, gender, ward admitted to, type of
mental disorder, and Charlson comorbidity index did not differ significantly. After
intervention, the rate of HAP occurrence decreased from 0.95 to 0.52% (P < 0.001).
Specifically, the HAP rate decreased from 1.70 to 0.95% (P = 0.007) in the closed
ward and from 0.63 to 0.35% (P = 0.009) in the open ward. The HAP rate in the
subgroups was higher in patients with schizophrenia spectrum disorders (1.66 vs.
0.74%) and organic mental disorders (4.92 vs. 1.41%), and in those >65 years old
(2.82 vs. 1.11%) but decreased significantly after intervention (all P < 0.05).

Conclusion: The implementation of the HAP bundle management strategy
reduced the occurrence of HAP in hospitalized patients with mental disorders.

KEYWORDS

mental disorders, healthcare-associated pneumonia, infection control, inpatients,
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Introduction

According to the statistics of the World Health Organization (WHO), >1 billion people
are affected by mental disorders, deeming them a global public health issue that cannot be
ignored and that has brought heavy healthcare and financial burden worldwide (1). China is
leading with the burden of mental disorders (2); >1.6 million patients were hospitalized for
mental disorders in China in 2015 (3).

Hospital-acquired pneumonia (HAP) is defined as pneumonia not incubating at the time
of hospital admission and occurring >48 h after hospital admission (4, 5). Previous studies
have shown that HAP incidence is high in Chinese patients with mental disorders (6, 7). For
instance, a large-scale specialized hospital for mental disorders in Sichuan (China) reported
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that the HAP incidence was 7.8% in middle-aged and elderly
patients (>50 years old) with schizophrenia (6). A large-scale
specialized hospital for mental disorders in Taiwan reported
that the HAP incidence was 14.7/1000 person-years in patients
with severe mental disorders (>80% had schizophrenia or
schizoaffective disorders) (7).

In recent vyears, the incidence of ventilator-associated
pneumonia (VAP) in medical settings has been decreasing, while
that of non-ventilator-associated HAP is increasing (8) with
an incidence of about 1% (5, 9). Moreover, the total number of
patients with HAP is 2-fold higher than the number of patients
with VAP (9, 10). Most HAP (70.8%) occurs in the wards rather
than the intensive care unit (ICU) (10). The disease could prolong
the hospital stay, increase the overall medical cost, and mortality
rate (11); however, it is the most underestimated hospitalization-
related safety and economic issue. HAP is mainly induced by
the aspiration or inhalation of pathogenic microorganisms in the
form of aerosols or hydrogel microparticles (4, 5). Compared to
regular patients, the occurrence of HAP in mental disorder patients
has several unique characteristics, such as dietary and behavioral
changes, different degrees of social function impairment, longer
hospital stay, dysphagia (12), somatic comorbidity (13, 14), and
dry mouth, drooling, and sedation induced by antipsychotics.
Schizophrenia is a chronic and disabling mental illness. The
previous findings suggest that HAP is particularly prevalent in
patients with schizophrenia (6, 7). Moreover, organic mental
disorders are more likely to be associated with older age and
physical comorbidities such as dementia and cerebrovascular
disease, and this may lead to an elevated risk of pneumonia and
death. In addition to individualized factors, the transmission of
pathogens capable of inducing pneumonia in the hospital also
causes HAP. Previously, mental health settings/units have reported
various outbreaks of Streptococcus pneumonia (15) and influenza
(15, 16), indicating that hospitalized mental disorder patients may
have a high risk of respiratory diseases.

Several studies have investigated the measures of preventing
and managing VAP (9, 10, 17), and a perfect prevention and
management system has been established. However, scientific
evidence on the prevention and management of HAP is still
limited. The major predictive factors for HAP could vary in
patients without mechanical ventilation (18, 19). Previous studies
have shown that interventional measures, such as improving hand
hygiene, early activities, recognizing and managing dysphagia, and
preventing viral infection (20), could reduce HAP occurrence in
patients. The commonly applied infection prevention measures,
such as hand hygiene, quarantine precautions, personal protective
devices (gloves and masks), and disinfection of equipment and the
environment, effectively reduce the risk of pathogen transmission
in hospitals (21). However, the measures for effectively preventing
the occurrence of HAP in mental disorder patients have not yet
been investigated. Another survey showed that staff and patients
in mental health settings have low overall compliance to infection
prevention measures (22), which are manifested as follows: (1)
mental disorder patients may exhibit cognitive impairment and
thus are incapable of abiding by the infection prevention measures;
(2) the understanding and implementation of common infection
prevention and control measures could be insufficient for medical
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staff (23); (3) the hospitalization environment could be poor
(24); (4) some essential equipment, such as ethanol sanitizer,
could not be used due to safety concerns (25); (5) mental
health settings encourage social interactions, group activities, and
freedom of actions (26), which could increase the opportunity
of cross-infection. Therefore, implementing infection prevention
measures in mental health settings/units (27) is rather complex
and could be influenced by factors, such as patients, medical staff,
and organization (22). The bundle management strategy is the
gathering of a series of evidence-based treatments and nursing,
which plays a major role in effectively reducing VAP (28). In
light of the current status and challenges in HAP prevention
and management in mental disorder patients, as well as previous
findings (20, 21), the present study developed a HAP bundle
management strategy with respect to the levels of patients, medical
staff, and organization and explored the effects on HAP in mental
disorder patients.

Patients and methods

Study setting and subjects

This study was performed in the Mental Health Center of
Renmin Hospital of Wuhan University (Wuhan, China) between
January 2017 and April 2022. Patients hospitalized between January
and April 2020 were not included due to the coronavirus disease-
2019 (COVID-19) epidemic. This hospital is a large-scale general
teaching institution with a large-scale mental health center with the
highest number of beds for psychiatric patients in general hospitals
in China (350 beds including 225 beds in open wards and 125
in closed wards across six wards). COVID-19 patients were not
admitted to the Mental Health Center during the study period or
included in the study.

The inclusion criteria were as follows: 1) hospitalized patients
with the primary diagnosis of mental disorders according to the
criteria described in the International Classification of Diseases-
10 (ICD-10, codes F00-F99) and 2) Patients were hospitalized for
>48 h.

The exclusion criteria were as follows: (1) incomplete data
for analysis; (2) patients who died or were spontaneously
discharged within 48h after hospitalization; and (3) underwent
mechanical ventilation.

The clinical research ethics committee of Renmin Hospital
of Wuhan University approved this study (WDRY2022-K163),
and informed consent was waived by the Ethics Committee of
the hospital.

Study design and intervention

This 5-year study consisted of two phases: baseline phase
(January 2017-December 2019) and intervention phase (May
2020-April 2022).

In the baseline phase, the target surveillance of HAP was not
performed in the mental health center, and pneumonia symptoms
were not monitored daily for all hospitalized patients. Only a few
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patients and some medical staff wore masks, and management of
patients with pneumonia or immunodeficiency was insufficient.
Compliance with implementation of environmental cleaning and
disinfection work was poor, such as environment disinfection
was performed only 1 time/day, or unperformed in some wards
sometimes, especially the disinfection of public areas. Hand hygiene
was poor, and the monitoring of antipsychotics and side effects
was limited. In May 2020, with the cooperation of the leaders
of the hospital and multiple departments, including infection
control, medicine, nursing, cleaning and disinfection management,
and the mental health center, the risk was assessed according
to the characteristics of mental disorder patients. Subsequently,
a literature search was conducted according to evidence-based
medicine-related guidelines and studies (18-28), and finally, the
sophisticated management strategy was developed as follows:

1) Performing target surveillance of HAP: suspicious symptoms
of pneumonia, such as cough, expectoration, and fever,
were monitored daily for all the hospitalized patients to
identify pneumonia patients in time. HAP occurrence was
summarized and analyzed every month.

2) Improving the management of pneumonia patients:

disinfection, hand hygiene, and wearing masks, were

essential for contact isolation and respiratory isolation. For

patients with pathogens detected, especially the infection

or colonization of several drug-resistant microorganisms

such as Methicillin-resistant Staphylococcus aureus, Extended-

spectrum-p-lactamases-producing  Escherichia  coli ~ or
Klebsiella pneumoniae, Carbapenem-resistant Escherichia
coli or Klebsiella pneumoniae, Pseudomonas aeruginosa or
Acinetobacter baumannii, and respiratory viruses such as
influenza, infection prevention measures were challenging;
hence, isolation management was strengthened.

3) Enhancing disinfection, hand hygiene, and reasonable use of

personal protective equipment: environment disinfection was

performed two times/day, and additional attention was paid
to the disinfection of public areas, such as activity rooms and
recreation rooms for patients, toilets, elevators, and shared
equipment and devices. The windows were opened regularly
two times/day for ventilation. Compliance with hand hygiene
was improved based on the WHO hand hygiene indications
of “five moments for hand hygiene” (29). The antiseptic
foam (water not required) was carried by doctors and nurses
during ward rounds and also hung on the nursing cart (under
supervision). Medical staff wore medical surgical masks
during work; also, patients were required to wear masks.

Extra bed was avoided. Regular education was conducted in

all patients, such as hand hygiene, prevention, and control

knowledge of HAP.

4) Protecting susceptible population: severe mental disorder

patients with immunodeficiency, such as granulocytopenia

or granulocytosis, and substantial malnutrition, “protective
isolation,” was prescribed and effectuated.

5) Enhancing the surveillance of antipsychotics uses and

focusing on the underlying diseases: management and

surveillance of antipsychotics, such as clozapine, were

enhanced. For instance, antipsychotic concentrations were
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monitored, and therapeutic drug monitoring (TDM) was
strengthened, especially when adjusting drug dosage or
suspecting poisoning or insufficient dosage in patients. The
drug side-effect scale was filled. Information, including
sialorrhea, dysphagia, and bedrest time of patients, was
collected in the ward rounds every day, and symptomatic
treatments were performed promptly. The patients resting in
bed or with low mobility were encouraged to conduct off-
bed activities, and the doses of sedatives were adjusted in
time. Then, underlying diseases, blood glucose, liver and renal
functions, albumin, and body weight were monitored, and the
corresponding treatments were strengthened.

Standard training for this sophisticated HAP bundle
management strategy, which was designed for hospitalized

6)

patients with mental disorders, was conducted for patients,
medical staff, and organization. Implementation of all
measures was supervised, and feedback was acquired, which
promoted the effective and accurate implementation of
the measures. The overall compliance of patients, medical
staff, and organization to infection prevention measures is
important for effectively preventing the occurrence of HAP
in mental disorder patients (21, 22).

Definition of HAP

Hospital-acquired pneumonia was diagnosed according to
the criteria issued by the Centers for Disease Control and
Prevention (USA) based on the comprehensive analysis of clinical
manifestations, imaging findings of the chest, and laboratory
examination results (30).

Definition of mental disorders

The diagnoses of the mental disorders were made by
professional psychiatrists in accordance with the 10th revision of
the International Classification of Mental Disorders (ICD-10, codes
F00-F99). According to the incidence rate of HAP of different types
of mental disorders (6, 7) and the sample size of different types
of mental disorders in this study, we divide the types of mental
disorders into four categories. Schizophrenia spectrum disorder
referred to Schizophrenia, schizotypal and delusional disorders
(ICD-10 categories F20-F29), Mood-affective disorder referred to
ICD-10 categories F30-F39, Organic mental disorder referred to
ICD-10 categories FO0-F09, and other mental disorders referred to
ICD-10 categories F10-F19, F40-F48, F50-F59, F60-F69, F70-F79,
F80-F89, F90-F98, and F99.

Data collection

Clinical information, body temperature, blood routine results,
and imaging findings of the lungs were collected through the real-
time nosocomial infection surveillance system. Daily monitoring
of suspicious symptoms was strengthened for all the hospitalized
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patients, and target surveillance of HAP was performed. Charlson
comorbidity index (CCI) was used to assess the severity of somatic
comorbidities (31). Hospital stay refers to the length of hospital
stay from the patient’s admission to discharge. The length of
time until HAP occurrence refers to the hospitalization time
from the patients admission to the onset of HAP. HAP rate
refers to the number of HAP events per 100 admissions or the
number of HAP events per 1,000 days. HAP was diagnosed
by professionals in infection control and doctors in charge of
the bed, ensuring data quality. According to The World Health
Organization hand hygiene observation method (29), Compliance
to hand hygiene (%) = actual times of executing hand hygiene
in the observation time/anticipated times of executing hand
hygienex100%. Correctness of hand hygiene (%) = times of
correctly executing hand hygiene in the observation time/actual
times of executing hand hygienex 100%.

Statistical analysis

The data were analyzed using SPSS 22.0 (IBM Corp., Armonk,
NY, USA) and Prism 8 (GraphPad Software, San Diego, CA,
USA). Measurement data were tested for normality using the
Kolmogorov-Smirnov method (sample size >50) or Shapiro-Wilk
method (sample size <50). Normally distributed measurement
data are presented as the mean + standard deviation (SD) and
compared between groups using the t-test for independent samples.
Non-normally distributed measurement data are shown as median
[interquartile range (IQR)] and compared between groups using
the Mann-Whitney U-test. Count data are presented as frequency
(percentage) and analyzed using the chi-squared test or Fisher’s
exact test. The incidence before and after the intervention was
compared using the unadjusted incidence relative risk (RR) ratios,
defined as the ratio of events for a defined period. A P-value of
<0.05 was considered statistically significant.

Results

General characteristics of included patients

The age, gender, ward admitted to, type of mental disorder, and
CCI did not differ significantly between the patients in the baseline
and intervention phases (Table 1).

Occurrence rate of HAP in mental disorder
patients in different wards

The rates of HAP occurrence in mental disorder patients in
baseline and intervention phases are shown in Table 2 and Figure 1.
HAP occurred in 178 patients in the baseline phase, of which 94
(52.81%) were in the closed ward. After intervention, the HAP rate
reduced from 0.95 to 0.52% (P < 0.001). Specifically, the HAP rate
reduced from 1.70 to 0.95% (P = 0.007) in the closed ward and
reduced from 0.63 to 0.35% (P = 0.009) in the open ward. The
hospital stay of patients was also significantly different between the
baseline and intervention phases (P < 0.001).

Frontiersin Psychiatry

10.3389/fpsyt.2023.1184999

Rate of HAP occurrence in patients with
different types of mental disorders

In the baseline phase, HAP occurred in 62 (34.83%), 72
(40.45%), 29 (16.29%), and 15 (8.43%) patients with schizophrenia
spectrum, mood affective, organic mental, and other mental
disorders, respectively. After intervention, the HAP rate reduced
from 1.66 to 0.74% (P = 0.005) in patients with schizophrenia
spectrum disorders and from 4.92 to 1.41% (P = 0.012) in the
organic mental disorders (Table 3 and Figure 2).

Rate of HAP occurrence in patients of
different age groups

In the baseline phase, HAP occurred in 10 (5.62%), 85 (47.75%),
58 (32.58%), and 25 (14.04%) patients aged <18 years, 18-44 years,
45-64 years, and >65 years, respectively. After intervention, the
HAP rate reduced from 0.42 to 0% (P = 0.002) in patients aged
<18 years, from 0.73 to 0.44% (P = 0.030) in patients aged 18-44
years, and from 2.82 to 1.11% (P = 0.045) in patients aged >65 years
(Table 4 and Figure 3).

Implementation of HAP bundle
management strategy

After the implementation of the HAP bundle management
strategy, the compliance of medical staff with hand hygiene
increased from 76.32% (58/76) to 93.29% (139/149) (P <
0.001), and the correct rate of hand hygiene in medical staff
increased from 71.05% (54/76) to 89.93% (134/149) (P <
0.001). The consumption of antiseptic foam (water not required)
increased from 11,850.00 mL/ward/year (0.37 mL/day/bed) to
45,833.33 mL/ward/year (1.57 mL/day/bed). The consumption
of chlorine-containing disinfectants increased from 400g active
chlorine/ward/month to 600g active chlorine/ward/month. The
consumption of medical surgical masks increased from 250
masks/ward/month to 2,575 masks/ward/month.

Discussion

To the best of our knowledge, this is the first study exploring
the rate of HAP occurrence in mental disorder patients in a
general hospital and the effectiveness of implementing the bundle
management strategy in reducing HAP occurrence. The findings
of this 5-year study showed that the implementation of the HAP
bundle management strategy reduced the occurrence of HAP in
mental disorder patients.

The findings of this study showed that in the baseline
phase, the HAP rate was 0.95% (0.47/1,000 patient-days) in the
hospitalized mental disorder patients, which was similar to the
HAP rate in regular patients hospitalized in other general hospitals
(approximately 1%) (5, 9); however, it was lower than the HAP rate
in middle-aged or elderly patients with schizophrenia (6) or severe
mental disorders (7) admitted in specialized hospitals for mental
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TABLE 1 General characteristics of study subjects during the baseline and intervention phases.

Characteristic Total (n = 28,413) Closed ward (n = 8,254) Open ward (n = 20,159)
Baseline (n = Intervention P-value Baseline (n = Intervention P-value Baseline (n = Intervention P-value

18,795) (n =9,618) 5,519) (n=2,735) 13,276) (n = 6,883)

Gender, n (%) 0.091 0.425 0.214

Male 7,980(42.46%) 3,983(41.41%) 2,937(53.22%) 1,430(52.28%) 5,043(37.98%) 2,553(37.09%)

Female 10,815(57.54%) 5,635(58.59%) 2,582(46.78%) 1,305(47.72%) 8,233(62.02%) 4,330(62.91%)

Age (years), n (%) 0.956 0.054 0.242

>65 886 (4.71%) 452 (4.70%) 191 (3.46%) 118 (4.31%) 695 (5.24%) 334 (4.85%)

<65 17,909(95.29%) 9,166(95.30%) 5,328(96.54%) 2,617(95.69%) 12,581(94.76%) 6,549(95.15%)

‘Ward admitted to, n (%) 0.103

Closed ward 5,519 (29.36%) 2,735(28.44%)

Open ward 13,276(70.64%) 6,883(71.56%)

Type of mental disorder, 0.697 0.686 0.785

n (%)

Schizophrenia spectrum 3,735 (19.87%) 1,878(19.52%) 1,762(31.93%) 841 (30.75%) 1,973 (14.86%) 1,037(15.07%)

disorder®

Mood affective disorder” 10,828(57.61%) 5,565(57.86%) 2,817(51.04%) 1,411(51.59%) 8,011 (60.34%) 4,154(60.35%)

Organic mental 590 (3.14%) 284 (2.95%) 211 (3.82%) 104 (3.80%) 379 (2.85%) 180 (2.62%)

disorder®

Othersd 3,642 (19.38%) 1,891(19.66%) 729 (13.21%) 379 (13.86%) 2,913 (21.94%) 1,512(21.97%)

Charlson comorbidity 0.925 0.164 0.243

index, n (%)

0-1 points 16,557(88.09%) 8,477 (88.14%) 4,892(88.64%) 2,409(88.08%) 11,665(87.86%) 6,068(88.16%)

2 points 1,130 (6.01%) 584 (6.07%) 283 (5.13%) 128 (4.68%) 847 (6.38%) 456 (6.62%)

3 points and above 1,108 (5.90%) 557 (5.79%) 344 (6.23%) 198 (7.24%) 764 (5.75%) 359 (5.22%)

#Schizophrenia spectrum disorder (ICD-10 categories F20-F29).

bMood-affective disorder (ICD-10 categories F30-F39).

€Organic mental disorder (ICD-10 categories FO0-F09).

4Others (ICD-10 categories F10-F19, F40-F48, F50-F59, F60-F69, F70-F79, F80-F89, F90-F98, F99).
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TABLE 2 HAP rate and hospital stay in inpatients with mental disorders in total, closed ward, or open ward during the baseline and intervention phases.

Characteristic Total (n = 28,413) Closed ward (n = 8,254)

Open ward (n = 20,159)

‘|e 1o uey

90

B40°uISIa13UOL)

Baseline Intervention RR Baseline Intervention RR (95% P-value Baseline Intervention RR
(= (n=19,618) (95% Cl) = (n=2,735) Cl) (n = 6,883) (95% Cl)
18,795)
No. of HAP patients 178 50 94 26 84 24
No. of inpatients 18,795 9,618 5,519 2,735 13,276 6,883
No. of patient-days 375,362 175,104 132,249 57,085 243,113 118,019
HAP rate (%) 0.95% 0.52% 0.55 <0.001 1.70% 0.95% 0.55 0.007 0.63% 0.35% 0.55 0.009
(0.40-0.75) (0.36-0.86) (0.35-0.87)
HAP rate (per 1,000 0.47%o 0.29%o0 0.60 0.001 0.71%o0 0.46%o 0.64 0.043 0.34%o0 0.20%o0 0.59 0.020
days) (0.44-0.82) (0.42-0.99) (0.37-0.93)
Hospital stay 16.0 (11.0, 16.0 (11.0,22.0) <0.001 20.0 (13.0, 18.0 (13.0, 26.0) <0.001 15.0 (10.0, 15.0 (11.0, 21.0) 0.001
(days), median 25.0) 30.0) 23.0)
(IQR)
Length of time until 9.5 (6.0, 11.0 (7.0, 20.0) 0.299 11.0 (8.0, 13.0 (7.0, 25.0) 0.564 8.0 (5.5, 10.0 (7.0, 17.5) 0.317
HAP occurrence 19.0) 18.5) 14.5)
(days),* median
(IQR)

2Length of time from admission to HAP occurrence.
HAP, hospital-acquired pneumonia; RR, relative risk; 95% CI, 95% confidence interval; IQR, interquartile range.

666811 $202 sd}/6855 0T


https://doi.org/10.3389/fpsyt.2023.1184999
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Han et al. 10.3389/fpsyt.2023.1184999
A .
3.0 Total
254 Closed ward
_ 1 —+— Open ward
X 2.0 p
N’
2
< 1.54
S
o .
< 1.0+
=
0.54
o'o T T T T T T T T T T T - T T T T T T T T
g d IS SIS S I
FHFHFIHTFIFFSTIO & P P
v v v v v v v v v v v v v v v v v v v v v
b Baseline phase t Intervention phase ===
B
1.2+ Total
@
2 1.0- Closed ward
=
o —4—  Open ward
S o0s- P
]
S 0.6-
(=3
N’
£ 0.41
<
=
A~ 0.24
<«
=
0'0 L] T T T T T L] T T T T T T T T L] T T L] T
S PSS I PP I I PP ISP PSPPI
SISO AN SN P & P S P P P S O
O A P P N I A R R E IR IO RO RO P
I Baseline phase i Intervention phase ==
FIGURE 1
HAP rate in inpatients with mental disorders in total, closed ward, or open ward during the baseline and intervention phases. (A) HAP rate (%) in
patients in total, closed ward, or open ward during the baseline and intervention phases. (B) The HAP rate (per 1,000 days) in patients in total, closed
ward, or open ward during the baseline and intervention phases. HAP, hospital-acquired pneumonia; Q, quarter.

disorders. The HAP rate was higher in closed wards, in patients
with schizophrenia spectrum disorders, in patients with organic
mental disorders, and in patients aged >65 years than in regular
patients in other general hospitals (5, 9). After the HAP bundle
management strategy was implemented, the HAP rate in mental
disorder patients reduced from 0.95 to 0.52%, and the hospital stay
was reduced.

In this study, the high HAP rate in the closed ward could
be associated with the characteristics of hospitalized patients.
Patients hospitalized in the closed ward also exhibited severe
mental disorders; the capability of self-perception and social
functions was damaged to different degrees, and restraining the
patients was difficult. Such patients had poor self-caring and
self-controlling capabilities and poor personal hygiene. Therefore,
closed wards require stringent environment disinfection, open
window for ventilation, and hand hygiene. Patients with severe
mental disorders might also have dysphagia. The treatment
of severe mental disorders was complex, which increased the
possibility of using drugs, such as clozapine, while long-term
use of high-dose antipsychotics induces side effects and somatic

Frontiersin Psychiatry

diseases. The findings of this study showed that the HAP rate was
high in patients with organic mental disorders or schizophrenia
spectrum disorders. Schizophrenia is the most common chronic
disabling mental disease (32). Previous studies have demonstrated
a high incidence of pneumonia in schizophrenia patients (33).
Patients with organic mental disorders could have an underlying
“organic basis” that could lead to comorbid physical illnesses
(34). For instance, several patients with advanced age, dementia,
cerebrovascular disorders, and various comorbidities faced an
increased risk of pneumonia and death.

According to features of mental disorders and the low
compliance to infection-preventing measures in mental health
settings/units (22), the present study developed and implemented
the HAP bundle management strategy with respect to the levels
of patients, medical staff, and organization and explored the
effects on HAP in mental disorder patients. This HAP bundle
management strategy focused on the characteristics of wards
for mental disorders and features of diseases, ensuring the
scientific relevance and feasibility of the management strategy. For
instance, the strategy highlighted the importance of terminating the
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TABLE 3 HAP rate and hospital stay in inpatients with different types of mental disorders during the baseline and intervention phases.
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(9]
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©
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©
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Baseline

Schizophrenia

Intervention
(n=1,878)

spectrum
disorder?

(n =5,613)

(n = 10,828)

Baseline

Mood

Intervention

(n = 16,393)

affective
disorder?®

Baseline

Organic

Intervention

disorder®
(n = 874)

mental

Baseline

Intervention
(n=1,891)

No. of HAP patients 62 14 72 24 29 4 15 8
No. of inpatients 3,735 1,878 10,828 5,565 590 284 3,642 1,891
No. of patient-days 89,799 42,834 213,412 97,814 9,764 4,498 62,387 29,958
HAP rate (%) 1.66% 0.74% 0.44 0.005 0.66% 0.43% 0.65 0.063 4.92% 1.41% 0.28 0.012¢ 0.41% 0.42% 1.03 0.951

(0.25- (0.41- (0.10- (0.44-

0.80) 1.03) 0.79) 2.43)
HAP rate (per 1000 0.69%o0 0.33%o0 0.47(0.26— 0.010 0.34%o0 0.24%0 0.73 0.175 2.97%o 0.89%o0 0.30 0.016¢ 0.24%o0 0.27%o0 1.11 0.810
days) 0.84) (0.46- (0.10- (0.47-

1.15) 0.85) 2.62)
Hospital stay (days), 19.0 19.0 0.549 17.0 15.0 <0.001 14.0 (8.0, 13.0 0.464 15.0 14.0 0.117
median (IQR) (12.0, (13.0, (11.0, (11.0, 20.0) (10.0, (10.0, (10.0,
29.0) 28.0) 25.0) 22.0) 19.0) 21.0) 20.0)

Length of time until 135(7.0, | 11.5(5.0, 0.737 10.0 (55, | 11.5(7.0, 0.244 7.0 (5.0, 7.0 (5.5, 0.852 7.0(5.5, | 11.0(7.5, 0.040
HAP occurrence 23.0) 24.0) 20.0) 21.0) 11.0) 16.0) 9.5) 13.5)
(days),f median (IQR)

Schizophrenia spectrum disorder (ICD-10 categories F20-F29).
bMood-affective disorder (ICD-10 categories F30-F39).
€Organic mental disorder (ICD-10 categories FO0-F09).

4Others (ICD-10 categories F10-F19, F40-F48, F50-F59, F60-F69, F70-F79, F80-F89, FO0-F98, F99).

€Fisher’s exact probability method.
fLength of time from admission to HAP occurrence.
HAP, hospital-acquired pneumonia; RR, relative risk; 95% CI, 95% confidence interval; IQR, interquartile range.
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FIGURE 2
HAP rate in inpatients with different types of mental disorders during the baseline and intervention phases. (A) HAP rate (%) in patients with different
types of mental disorders during the baseline and intervention phases. (B) HAP rate (per 1,000 days) in patients with different types of mental
disorders during the baseline and intervention phases. Schizophrenia spectrum disorder (ICD-10 categories F20—-F29; n = 5,613). Mood-affective
disorder (ICD-10 categories F30-F39; n = 16,393). Organic mental disorders (ICD-10 categories FOO-FQ9; n = 874). Others (ICD-10 categories
F10-F19, F40-F48, F50-F59, F60-F69, F70-F79, F80O-F89, F90-F98, F99; n = 5,533). HAP, hospital-acquired pneumonia; Q, quarter.

transmission in the hospital, such as enhancing the management
of infected patients, cutting off the transmission route, and
protecting the susceptible population as mental disorder patients
might have cognitive impairment and are incapable of abiding
by the measures of infection prevention. In order to consider
patients’ safety, the doctors and nurses carried antiseptic foam
(water not required) during ward rounds and hung it on the
nursing cart (under supervision). Regarding the poor environment
in the psychiatric ward, training on air disinfection in the
ward, material surface, public area, and public equipment, and
management of disinfection frequency was enhanced. Regarding
the encouragement of social interactions, and group activities
for mental disorder patients (26), this study enhanced the
disinfection in the activity rooms/recreation rooms for patients
and prevented the gathering of pneumonia patients with other
patients. Furthermore, this study enhanced the attention and
management of antipsychotics and underlying diseases, monitored
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the antipsychotics concentrations, filled the “drug side-effect scale,”
and focused on sialorrhea, dysphagia, and duration of bedrest. The
cooperation and overall compliance of patients, medical staff, and
organization to infection prevention measures is important for
effectively preventing the occurrence of HAP in mental disorder
patients (21, 22). An intensive focus by hospital leaders and mental
health center staff guarantees the successful implementation of
the bundle management strategy. The target surveillance of HAP
promotes the implementation of preventive measures and ensures
the standardization of outcome estimation.

Limitations

First, the study quality could be improved further. This
study was not a randomized controlled trial (RCT), and
concurrent controls were not included; thus, the evidence-based
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TABLE 4 HAP rate and hospital stay in inpatients of different age brackets during the baseline and intervention phases.
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Intervention
(n =5,210)
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Baseline
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(n=1,712)
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years-old

Baseline
(n = 886)

Intervention
(n = 452)

>65-

years-old
(n=1,338)

No. of HAP patients 10 0 85 23 58 22 25 5
No. of inpatients 2,370 2,244 11,659 5,210 3,880 1,712 886 452
No. of patient-days 48,102 39,327 240,135 98,169 71,020 30,163 16,105 7,445
HAP rate (%) 0.42% 0% 0.10 0.002* 0.73% 0.44% 0.60 0.030 1.49% 1.28% 0.86 0.543 2.82% 1.11% 0.38 0.045
(0.01- (0.38- (0.52- (0.15-
0.82) 0.96) 1.41) 1.01)
HAP rate (per 1,000 0.21%o0 0%o 0.12 0.003* 0.35%0 0.23%o0 0.66 0.077 0.82%o0 0.73%o0 0.89 0.651 1.55%o0 0.67%o 0.43 0.078
days) (0.02— (0.42- (0.55- (0.16-
0.96) 1.05) 1.46) 1.13)
Hospital stay (days), 17.0 15.0 <0.001 17.0 16.0 <0.001 15.0 15.0 0.986 14.0 14.0 0.754
median (IQR) (11.0, (11.0, (11.0, (12.0, (10.0, (11.0, (10.0, (10.0,
26.0) 21.0) 26.0) 23.0) 22.0) 21.0) 20.0) 21.0)
Length of time until 16.7+ 0.0 0.220 11.0 (6.0, 11.0 (7.2, 0.691 8.0 (5.2, 9.0 (6.8, 0.589 7.0 (5.0, 22.0+ 0.034
HAP occurrence 12.1 20.0) 20.0) 16.5) 14.5) 10.0) 16.7
(days),b median (IQR)

Fisher’s exact probability method.
bLength of time from admission to HAP occurrence.

HAP, hospital-acquired pneumonia; RR, relative risk; 95% CI, 95% confidence interval.

IQR, interquartile range.
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FIGURE 3
HAP rate in inpatients with mental disorders <18 years old, 18-44 years old, 45-64 years old, and >65 years old during the baseline and intervention
phases. (A) HAP rate (%) in inpatients with mental disorders of <18 years old, 18-44 years old, 45-64 years old, and >65 years old during the baseline
and intervention phases. (B) HAP rate (per 1,000 days) in inpatients with mental disorders of <18 years old, 18—44 years old, 45-64 years old, and
>65 years old during the baseline and intervention phases. HAP, hospital-acquired pneumonia; Q, quarter.

evidence grade was low. Therefore, the present study could
not provide definite conclusions on the effectiveness of specific
interventional measures. Thus, we speculated that the HAP
bundle management strategy reduces the occurrence of HAP
in mental disorder patients. Second, this was a single-center
study, and thus the results should be interpreted with caution.
Third, the study was performed in the mental health center
of a tertiary general hospital, and additional discussions are
needed for the bundle management strategy of HAP related to
other disorders or specialized hospitals. Finally, the sample size
was large, and the severity of mental disorders was classified
by manual scaling in the early phase of this study; thus, the
severity of mental disorders of all patients could not be acquired
on admission.

Frontiers in Psychiatry 11

Conclusion

This study underscored the importance of HAP surveillance in
hospitalized mental disorder patients, while implementing the HAP
bundle management strategy reduced HAP occurrence in mental
disorder patients hospitalized in closed or open wards.

Data availability statement
The original contributions presented in the study are included

in the article/supplementary material, further inquiries can be
directed to the corresponding authors.

frontiersin.org


https://doi.org/10.3389/fpsyt.2023.1184999
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Han et al.

Ethics statement

The Clinical Research Ethics Committee of Renmin Hospital
of Wuhan University approved this study (WDRY2022-K163).
Written informed consent was waived by the Ethics Committee of
the hospital.

Author contributions

JH, YR, and GW conceived and designed the experiment
and contributed to revise the manuscript. JH performed the
research, collected the data, analyzed the results, wrote the
manuscript, carried out literature search, and submitted the paper.
JH and DL analyzed the data. All authors read and approved the
final manuscript.

Funding

This study was supported by the National Natural Science
Foundation of China (Grant No. 81803789) and TCM Research
Project of Hubei Administration of Traditional Chinese Medicine
(ZY2023F037).

References

1. Rehm J, Shield KD. Global burden of disease and the impact of mental and
addictive disorders. Curr Psychiatry Rep. (2019) 21:10. doi: 10.1007/s11920-019-0997-0

2. Charlson FJ, Baxter AJ, Cheng HG, Shidhaye R, Whiteford HA.
The burden of mental, neurological, and substance use disorders in
China and India: a systematic analysis of community representative

epidemiological studies. Lancet. (2016) 388:376-89. doi: 10.1016/S0140-6736(16)30
590-6

3. The Ministry of Health of the People’s Republic of China. China Health Statistical
Yearbook 2015. Beijing: Peking Union Medical College Press (2016).

4. Kalil AC, Metersky ML, Klompas M, Muscedere J, Sweeney DA, Palmer LB, et al.
Management of adults with hospital-acquired and ventilator-associated pneumonia:
2016 clinical practice guidelines by the infectious diseases society of America and the
American Thoracic Society. Clin Infect Dis. (2016) 63:e61-el11. doi: 10.1093/cid/ci
w353

5.Shi Y, Huang Y, Zhang TT, Cao B, Wang H, Zhuo C, et al
Chinese  guidelines for the diagnosis and treatment of hospital-
acquired pneumonia and  ventilator-associated  pneumonia in  adults
(2018 Edition). J Thorac Dis. (2019) 11:2581-616. doi: 10.21037/jtd.201

9.06.09

6. Yang M, Li Q, Wang C, Li L, Xu M, Yan E et al. Influencing factors of
hospital-acquired pneumonia infection in the middle-aged and elderly patients with
schizophrenia. Front Psychiatry. (2021) 12:746-91. doi: 10.3389/fpsyt.2021.746791

7. Chan HY, Lai CL, Lin YC, Hsu CC. Is antipsychotic treatment associated with
risk of pneumonia in people with serious mental illness? The roles of severity of
psychiatric symptoms and global functioning. J Clin Psychopharmacol. (2019) 39:434-
40. doi: 10.1097/JCP.0000000000001090

8. Klompas M. Hospital-acquired pneumonia in nonventilated patients: the next
frontier. Infect Control Hosp Epidemiol. (2016) 37:825-6. doi: 10.1017/ice.2016.101

9. Magill SS, O’Leary E, Janelle SJ, Thompson DL, Dumyati G, Nadle J, et al. Changes
in prevalence of health care-associated infections in US hospitals. N Engl ] Med. (2018)
79:1732-44. doi: 10.1056/NEJMoal801550

10. Baker D, Quinn B. Hospital acquired pneumonia prevention initiative-2:
incidence of nonventilator hospital-acquired pneumonia in the United States. Am |
Infect Control. (2018) 46:2-7. doi: 10.1016/j.ajic.2017.08.036

11. Giuliano KK, Baker D, Quinn B. The epidemiology of nonventilator
hospitalacquired pneumonia in the United States. Am J Infect Control. (2018) 46:322—-
7. doi: 10.1016/j.2jic.2017.09.005

Frontiersin Psychiatry

10.3389/fpsyt.2023.1184999

Acknowledgments

The authors would like to thank the Department of Medicine,
Nursing, Cleaning and Disinfection Management, and medical
staff of the Mental Health Center at Renmin Hospital of Wuhan
University for their support in our efforts to reduce HAP.

Conflict of interest

The authors declare that the research was conducted
in the absence of any commercial or financial relationships
that could be
of interest.

construed as a potential conflict

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

12. Aldridge KJ, Taylor NF. Dysphagia is a common and serious problem
for adults with mental illness: a systematic review. Dysphagia. (2012) 27:124-
37. doi: 10.1007/s00455-011-9378-5

13. Schoepf D, Uppal H, Potluri R, Heun R. Physical comorbidity and its
relevance on mortality in schizophrenia: a naturalistic 12-year follow-up in
general hospital admissions. Eur Arch Psychiatry Clin Neurosci. (2014) 264:3-
28. doi: 10.1007/500406-013-0436-x

14. Schoepf D, Heun R. Bipolar disorder and comorbidity: increased prevalence and
increased relevance of comorbidity for hospital-based mortality during a 12.5-year
observation period in general hospital admissions. ] Affect Disord. (2014) 169:170-
8. doi: 10.1016/j.jad.2014.08.025

15. Yamazaki, Yoshitaka, Goto, Norihiko, Iwanami, Naoya, et al. Outbreaks of
influenza B infection and pneumococcal pneumonia at a mental health facility in Japan.
J Infect Chemother. (2017) 23:837-40. doi: 10.1016/j.jiac.2017.07.014

16. Yan XJ, Liu XZ, Guo XH, Li XT, Rao JL, Chen XQ. An outbreak
of influenza in a psychiatric hospital. Chin ] Infect Cont. (2016) 15:201-3.
doi: 10.3969/j.issn.1671-9638.2016.03.016

17. Wang J, Liu E Tartari E, Huang J, Harbarth S, Pittet D, et al. The prevalence
of healthcare-associated infections in mainland China: a systematic review and meta-
analysis. Infect Control Hosp Epidemiol. (2018) 39:701-9. doi: 10.1017/ice.2018.60

18. Di Pasquale M, Aliberti S, Mantero M, Bianchini S, Blasi F. Non- intensive
care unit acquired pneumonia: a new clinical entity? Int J Mol Sci. (2016)
17:287. doi: 10.3390/ijms17030287

19. Quinn B, Giuliano KK, Baker D. Non-ventilator health care- associated
pneumonia (NV-HAP): best practices for prevention of NV-HAP. Am ] Infect Control.
(2020) 48:A23-27. doi: 10.1016/j.ajic.2020.03.006

20. Pedersen PU, Larsen P, Hakonsen S]. The effectiveness of systematic
perioperative oral hygiene in reduction of post operative respiratory tract
infections after elective thoracic surgery in adults: a systematic review. JBI
Database Systemat Rev Implement Rep. (2016) 14:140-73. doi: 10.11124/jbisrir-2016-
2180

21. World Health Organization. Infection Prevention and Control. Geneva:
WHO (2018).

22. Houben E van Hensbergen M, den Heijer CDJ, Dukers-Muijrers NHTM,
Hoebe CJPA. Barriers and facilitators to infection prevention and control in Dutch
psychiatric institutions: a theory-informed qualitative study. BMC Infect Dis. (2022)
22:243. doi: 10.1186/512879-022-07236-2

frontiersin.org


https://doi.org/10.3389/fpsyt.2023.1184999
https://doi.org/10.1007/s11920-019-0997-0
https://doi.org/10.1016/S0140-6736(16)30590-6
https://doi.org/10.1093/cid/ciw353
https://doi.org/10.21037/jtd.2019.06.09
https://doi.org/10.3389/fpsyt.2021.746791
https://doi.org/10.1097/JCP.0000000000001090
https://doi.org/10.1017/ice.2016.101
https://doi.org/10.1056/NEJMoa1801550
https://doi.org/10.1016/j.ajic.2017.08.036
https://doi.org/10.1016/j.ajic.2017.09.005
https://doi.org/10.1007/s00455-011-9378-5
https://doi.org/10.1007/s00406-013-0436-x
https://doi.org/10.1016/j.jad.2014.08.025
https://doi.org/10.1016/j.jiac.2017.07.014
https://doi.org/10.3969/j.issn.1671-9638.2016.03.016
https://doi.org/10.1017/ice.2018.60
https://doi.org/10.3390/ijms17030287
https://doi.org/10.1016/j.ajic.2020.03.006
https://doi.org/10.11124/jbisrir-2016-2180
https://doi.org/10.1186/s12879-022-07236-2
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

Han et al.

23. Piai-Morais TH, Fortaleza CM, Figueiredo RM. Good practices for infection
prevention and control at a psychiatric hospital in Brazil. Issues Ment Health Nurs.
(2015) 36:513-7. doi: 10.3109/01612840.2015.1007539

24. Croker C, Hathaway S, Marutani A, Hernandez M, Cadavid C, Rajagopalan
S, et al. Outbreak of Hepatitis A virus infection among adult patients of a
mental hospital - Los Angeles County, 2017. Infect Control Hosp Epidemiol. (2018)
39:881. doi: 10.1017/ice.2018.77

25. Benson NM, Ongiir D, Hsu J. COVID-19 testing and patients in mental health
facilities. Lancet Psychiatry. (2020) 7:476-7. doi: 10.1016/52215-0366(20)30198-X

26. Fedoriw LM, Meijer B. Infection prevention strategies in inpatient
psychiatric units using patient acuity and motivation. Am ] Infect Control. (2013)
41:548. doi: 10.1016/j.ajic.2013.03.101

27. Zmak L, Obrovac M, Lovric Z, Jankovic Makek M. Katalinic
Jankovic V.Neglected disease in mentally ill patients: major tuberculosis
outbreak in a psychiatric hospital. Am ] Infect Control. (2017) 45:456-
7. doi: 10.1016/j.2jic.2016.09.004

28. Burja S, Belec T, Bizjak N, Mori J, Markota A, Sinkovi¢ A. Efficacy of a bundle
approach in preventing the incidence of ventilator associated pneumonia (VAP). Bosn
J Basic Med Sci. (2018) 18:105-9. doi: 10.17305/bjbms.2017.2278

Frontiersin Psychiatry

13

10.3389/fpsyt.2023.1184999

29. Sax H, Allegranzi B, Chraiti MN, Boyce J, Larson E, Pittet D. The World
Health Organization hand hygiene observation method. Am J Infect Control. (2009)
37:827-34. doi: 10.1016/j.2jic.2009.07.003

30. Centers for Disease Control and Prevention (CDC). Pneumonia (Ventilator-
Associated [VAP] and Non-Ventilator Associated Pneumonia [PNEU]) Event. Centers
for Disease Control and Prevention (2023). Available online at: https://www.cdc.gov/
nhsn/pdfs/pscmanual/6pscvapcurrent.pdf

31. Romano PS, Roos LL, Jollis JG. Adapting a clinical comorbidity index for use
with ICD-9-CM administrative data: differing perspectives. J Clin Epidemiol. (1993)
46:1075-9; discussion 1081-90. doi: 10.1016/0895-4356(93)90103-8

32. American Psychiatric Association. Diagnostic and Statistical Manual of Mental
Disorders. 5th ed. Arlington: American Psychiatric Association (2013).

33. Chou FH, Tsai KY, Chou YM. The incidence and all-cause mortality of
pneumonia in patients with schizophrenia: a nine-year follow-up study. J Psychiatr Res.
(2013) 47:460-6. doi: 10.1016/j.jpsychires.2012.12.007

34. Chen WY, Huang SJ, Chang CK, Pan CH, Su SS, Yang TW, et al. Excess
mortality and risk factors for mortality among patients with severe mental
disorders receiving home care case management. Nord ] Psychiatry. (2021) 75:109-
17. doi: 10.1080/08039488.2020.1799431

frontiersin.org


https://doi.org/10.3389/fpsyt.2023.1184999
https://doi.org/10.3109/01612840.2015.1007539
https://doi.org/10.1017/ice.2018.77
https://doi.org/10.1016/S2215-0366(20)30198-X
https://doi.org/10.1016/j.ajic.2013.03.101
https://doi.org/10.1016/j.ajic.2016.09.004
https://doi.org/10.17305/bjbms.2017.2278
https://doi.org/10.1016/j.ajic.2009.07.003
https://www.cdc.gov/nhsn/pdfs/pscmanual/6pscvapcurrent.pdf
https://www.cdc.gov/nhsn/pdfs/pscmanual/6pscvapcurrent.pdf
https://doi.org/10.1016/0895-4356(93)90103-8
https://doi.org/10.1016/j.jpsychires.2012.12.007
https://doi.org/10.1080/08039488.2020.1799431
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org

	Bundle management strategy in reducing hospital-acquired pneumonia in hospitalized patients with mental disorders
	Introduction
	Patients and methods
	Study setting and subjects
	Study design and intervention
	Definition of HAP
	Definition of mental disorders
	Data collection
	Statistical analysis

	Results
	General characteristics of included patients
	Occurrence rate of HAP in mental disorder patients in different wards
	Rate of HAP occurrence in patients with different types of mental disorders
	Rate of HAP occurrence in patients of different age groups
	Implementation of HAP bundle management strategy

	Discussion
	Limitations
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


