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Abstract

Background: Nosocomial infections are infections incubating or not present at the time of admission to a hospital and manifest
48 hours after hospital admission. The specific factors contributing to the risk of infection during hospitalization remain unclear,
particularly for the hospitalized population of the United Kingdom.

Objective: The aim of this systematic literature review was to explore the risk factors of nosocomial infections in hospitalized
adult patients in the United Kingdom.

Methods: A comprehensive keyword search was conducted through the PubMed, Medline, and EBSCO CINAHL Plus databases.
The keywords included “risk factors” or “contributing factors” or “predisposing factors” or “cause” or “vulnerability factors”
and “nosocomial infections” or “hospital-acquired infections” and “hospitalized patients” or “inpatients” or “patients” or
“hospitalized.” Additional articles were obtained through reference harvesting of selected articles. The search was limited to the
United Kingdom with papers written in English, without limiting for age and gender to minimize bias. The above process retrieved
377 articles, which were further screened using inclusion and exclusion criteria following the PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses) guidelines. The retained 9 studies were subjected to critical appraisal using
the Critical Appraisal Skills Programme (cohort and case-control studies) and Appraisal Tool for Cross-Sectional Studies
(cross-sectional studies) checklists. Finally, 6 eligible publications were identified and used to collect the study findings. A
thematic analysis technique was used to analyze data extracted on risk factors of nosocomial infections in hospitalized patients
in the United Kingdom.

Results: The risk factors for nosocomial infections that emerged from the reviewed studies included older age, intrahospital
transfers, cross-infection, longer hospital stay, readmissions, prior colonization with opportunistic organisms, comorbidities, and
prior intake of antibiotics and urinary catheters. Nosocomial infections were associated with more extended hospital stays,
presenting with increased morbidity and mortality. Measures for controlling nosocomial infections included the use of single-patient
rooms, well-equipped wards, prior screening of staff and patients, adequate sick leave for staff, improved swallowing techniques
and nutritional intake for patients, improved oral hygiene, avoiding unnecessary indwelling plastics, use of suprapubic catheters,
aseptic techniques during patient care, and prophylactic use.

Conclusions: There is a need for further studies to aid in implementing nosocomial infection prevention and control.

(JMIR Public Health Surveill 2023;9:e43743) doi: 10.2196/43743
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Introduction

Nosocomial infections are recognized public health issues
worldwide with a prevalence of 3.0%-20.7% and an incidence
rate of 5%-10% [1]. These infections are not present or
incubating at the time of admission to a hospital but are acquired
after hospitalization and manifest 48 hours after admission;
30% of nosocomial infections are estimated to be preventable
[2]. Nosocomial infections are a potential risk to the patients,
staff, and community, with many of the microorganisms isolated
known to be drug-resistant, resulting in increased admissions
associated with a longer hospital stay, mortality, and increased
hospital expenses [3]. A recent study [4] found that nosocomial
infections account for 80% of all hospital infections, which
include catheter-associated urinary tract infections (UTIs),
surgical site infections (SSIs), ventilator-associated pneumonia,
hospital-acquired pneumonia, and Clostridium difficile
infections. Major symptoms of nosocomial infections are
productive cough, abdominal pain, shortness of breath, altered
mental status, rebound tenderness, palpitations, suprapubic pain,
dysuria, polyuria, and costovertebral angle tenderness [2].

The risk factors associated with nosocomial infections are
dependent on infection control procedures at the facility, the
prevalence of pathogens in the community, and patients’
immune status [1]. Research-based known risk factors include
immunosuppression, older age, period of hospitalization,
underlying comorbidities, frequency of hospital visits,
mechanical ventilator support, invasive procedures, indwelling
devices, longer stay in the intensive care unit (ICU), lack of
infection control measures, and environmental hygiene [5]. The
increased risk of nosocomial infections in older patients is due
to frailty, suppressed immunity, and preexisting conditions [6].

Nosocomial outbreaks can be a cause of hospital closure,
increased morbidity, and mortality. Therefore, to prevent and
minimize nosocomial infections, several hospitals have
implemented infection control procedures such as disinfection,
steaming, proper waste management, isolation of affected staff
until 48 hours after recovery, and aseptic hand washing before
and after patient care, alongside prior identification of patients
at risk of nosocomial infections and multidrug resistance [5].

Freeman and McGowan [6] found that risk factor identification
allows for evaluating per-patient component risk, epidemiologic
comparisons between hospital populations, and
cost-effectiveness of infection prevention and control
interventions. Calculation of risk per admission justifies findings
on length of hospital stay as an increased risk for nosocomial
infections [7]. This calculated per-day risk will account for the
daily overall risk of infection per patient [6].

This systematic review was conducted to fill the gap in the
absence of reviews on risk factors for nosocomial infections in
hospitalized patients in the United Kingdom without limiting
age and gender. The unique health care system in the United
Kingdom funded by the National Health Service (NHS) is
always at the frontline of adopting innovations and technologies

in health care, which provides a guide to the international
community on emerging innovations around infection control
and prevention. Therefore, understanding predisposing factors
of nosocomial infections in the United Kingdom can help inform
local policies and practices, serving as a reference point for
other countries considering revising their health care guidelines
and policies.

The aims and objectives of this systematic review were focused
on exploring the risk factors of nosocomial infections in
hospitalized patients in the United Kingdom, the population at
risk of nosocomial infections, impacts associated with
nosocomial infections, and organisms associated with the spread
of nosocomial infections.

Methods

Search Strategy
The search strategy was formulated based on the Population,
Exposure, and Outcome framework, which is suitable for
investigating the likelihood of developing a condition in the
presence of a factor and providing practical strategies for
controlling the outcome [8].

The PubMed and Google Scholar databases were searched for
any existing or ongoing systematic reviews published between
2017 and 2021 regarding risk factors of nosocomial infections
in hospitalized patients. Although systematic reviews were
identified, none of these focused on the risk factors of
nosocomial infections in hospitalized patients.

The review was focused on a comprehensive search using the
PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) guidelines for systematic reviews of 2020
[9]. Headings and keywords were used through a database
search, including the PubMed, EBSCO CINAHL Plus, and
EBSCO Medline databases. Although searching multiple
databases identified duplicate studies, this approach reduced
the chances of missing out on important publications.

Boolean operators “OR” and “AND” were utilized to translate
the research question into research strings to retrieve relevant
and focused results. Medical Subject Headings in databases and
keywords from other research papers were used to identify
synonyms of the keywords for obtaining more focused results.
The keywords included “risk factors” OR “contributing factors”
OR “predisposing factors” OR “cause” OR “vulnerability
factors” AND “nosocomial infections” OR “hospital-acquired
infections” AND “hospitalized patients” OR “inpatients” OR
“patients” OR “hospitalized.” Additional articles were obtained
through reference harvesting of selected articles. The search
was limited to the United Kingdom with papers in English,
without limiting for age and gender to minimize bias.

Study Selection
The inclusion and exclusion criteria for the systematic review
are shown in Table 1.
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The database search resulted in 374 articles plus 3 articles retrieved from reference harvesting (Figure 1).

Table 1. Inclusion and exclusion criteria.

Exclusion criteriaInclusion criteriaCategory

Systematic reviews, non-English language,
articles published before 2011, not peer-re-
viewed articles, abstract only

Primary research studies, 2011-2021 time frame, peer-reviewed articles,
English language, full-text articles, qualitative and quantitative studies

Study type

Hospitalized patients outside the United
Kingdom

Hospitalized patients/patients/inpatients in the United KingdomPopulation

Hospitals outside the United KingdomAll hospitals in the United KingdomExposure

Any other articles that did not collect infor-
mation on nosocomial infections in the
United Kingdom

Nosocomial infections in the United KingdomOutcome

Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) 2020 flow diagram for study selection.

RefWorks software was used to remove duplicate articles and
titles were read manually to avoid duplication bias, resulting in
370 articles from all databases.

Title and abstract screening based on the inclusion and exclusion
criteria resulted in 20 included articles and 350 excluded articles.
The reasons for exclusion were that titles and abstracts were
not giving relevant information on risk factors of nosocomial
infections, guidelines, providing information on
community-acquired infections in non-UK countries, or

systematic reviews. Full-text article screening resulted in zero
articles being excluded. In addition, 15 studies were excluded
because of providing inadequate information on risk factors of
nosocomial infections. After applying these criteria, nine
articles, including the three obtained from reference harvesting,
were subject to critical appraisal. A scoping review was carried
out and no relevant papers were identified before 2011.
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Data Extraction
The data extracted were tabulated using Microsoft Word. The
data drawn out included authors’ details, study design, the
context of the study, sample size, aim of the study related to the
risk of nosocomial infections, key findings, limitations, and
conclusions of the identified studies.

Data Analysis
Thematic analysis was conducted on the included studies
following the Braun and Clarke [10] guidelines, who describe
a thematic analysis as a useful and flexible method for
qualitative research. Thematic analysis classifies themes and
patterns that connect to data, enabling researchers to identify
and detect variables influencing any issues in study participants
[10]. The themes were identified by one author and then agreed
upon via discussion with all authors.

Critical Appraisal
Critical appraisal was applied to the selected 9 articles to check
for the validity of the research if the results provided answers

to the research question and the relevance of the information
while minimizing bias, with the answers being either yes (+),
no (–), or can’t tell (+/–). Included case-control (Table 2) and
cohort (Table 3) studies were appraised using the Critical
Appraisal Skills Programme (CASP) tool and cross-sectional
studies (Table 4) were appraised using the Appraisal Tool for
Cross-Sectional Studies (AXIS) checklist. The CASP tool is a
checklist that uses focused questions to help researchers evaluate
the validity and reliability of identified research articles. This
provides appraisal skills and tools that facilitate checking
research resources for trustworthiness, relevance, and results
[11]. The AXIS tool was used to evaluate the reporting quality,
study design, and risk of bias in cross-sectional studies [12].
This tool focuses on presented methods and results of studies,
which helps researchers assess whether the findings are reliable
and credible and whether they relate to the aims, methods, and
analysis of what is reported in identified studies. Following
critical appraisal, three articles were excluded due to lack of
ethical approval, low internal validity, or reliability of results,
resulting in a total of six included articles.

Table 2. Critical appraisal of the selected case-control studies using the Critical Appraisal Skills Programme tool [11].

Ousey et al [15]Alrawi et al [14]Boncea et al [13]Critical appraisal questions

+++aDid the study address a clearly focused issue?

+/–++/–bDid the authors use an appropriate method to answer their question?

+/–++Were the cases recruited acceptably?

+/–++Were the controls selected acceptably?

+++/–Was the exposure accurately measured to minimize bias?

+/–+/–+Aside from the experimental intervention were the groups treated
equally?

+/––c+/–Have the authors taken into account the potential confounding
factors in the design and/or in their analysis?

+/––+How large was the treatment effect?

+–+How precise was the estimate of the treatment effect?

+/––+/–Do you believe the results?

+/–+/––Can the results be applied to the local population?

+/–++Do the results of this study fit with other available evidence?

a+:Yes.
b+/–:Unclear.
c–:No.
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Table 3. Critical appraisal of the selected cohort studies using the Critical Appraisal Skills Programme tool [11].

Wloch et al [20]Melzer and
Welch [19]

Ewan et al [18]Behar et al [17]Mo et al [16]Critical appraisal questions

+++++aDid the study address a clearly focused issue?

+++/–+/–b+Was the cohort recruited acceptably?

+++++/–Was the exposure accurately measured to minimize bias?

+/–++/–++/–Was the outcome accurately measured to minimize bias?

+++++Have the authors identified all important confounding fac-
tors?

+/–++++Have they taken into account the confounding factors in
the design and/or analysis?

+++++Was the follow-up of subjects complete enough?

+/–++++Was the follow-up of subjects long enough?

+++++What are the results of the study?

+++++How precise are the results?

+++++Did you believe the results?

+–c+/–++Can the results be applied to the local population?

+++/–++Do the results of this study fit with other available evi-
dence?

+++++What are the implications of the study for practice?

a+:Yes.
b+/–:Unclear.
c–:No.
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Table 4. Critical appraisal of the selected cross-sectional study using the Appraisal Tool for Cross-Sectional Studies [12].

Ledwoch et al [21]Critical appraisal questions

+aWas the aim/objective of the study clear?

+Was the study design appropriate for the stated aim?

+Was the sample size justified?

+Was the reference population clearly defined? (Is it clear who the research was about?)

+Was the sample frame taken from an appropriate population to closely represent the reference population under inves-
tigation?

+Was the selection process likely to select subjects/participants that were representative of the target/reference population
under investigation?

–bWere measures undertaken to address and categorize nonresponders?

+Were the risk factor and outcome variables measured appropriate to the aim of the study?

+Were the risk factor and outcome variables measured correctly using instruments/measurements that had been trialed,
piloted, or published previously?

–Were the methods (including statistical methods) sufficiently described to enable them to be repeated?

+Were the basic data adequately described?

+Does the response rate raise concerns about nonresponse bias?

–If appropriate, was information about nonresponders described?

+Were the results internally consistent?

+Were the results presented for all the analyses described in the methods?

+Were the authors’ discussion and conclusions justified by the results?

+Were the limitations of the study discussed?

+Was there funding or conflicts of interest that may affect the authors’ interpretation of results?

–Was ethical approval or consent of participants attained?

a+:Yes.
b–:No.

Results

Characteristics of Included Studies
This systematic review identified 5 cohort studies [16-20], 3
case-control studies [13-15], and 1 cross-sectional study [21].
After critical appraisal, 5 cohort studies [16-20] and 1
case-control study [13] were included for analysis. The included
studies covered countries within the United Kingdom, with the
majority covering England. Most of the studies identified older

adults and patients with preexisting conditions at increased risk
of nosocomial infections. The organisms associated with
increased nosocomial infections according to the majority of
the included studies were C. difficile, Escherichia coli,
Pseudomonas aeruginosa, Enterococcus spp, Klebsiella
pneumoniae, Staphylococcus aureus, coliform species, anaerobic
cocci, methicillin-resistant S. aureus (MRSA),
coagulase-negative Staphylococcus, Enterobacteriaceae, and
streptococci (Table 5).
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Table 5. Data extracted from the included studies.

ConclusionLimitationsKey findingsStudy aimSample sizeContextStudy designReference

A burn wound cre-
ates a good medi-

NoneStaphylococcus
aureus was com-

Determine the
presence of dif-

Adult patients
admitted to a

United King-
dom

Case-control
study

Alrawi et al
[14]

um for bacteriamon with 79%ferent microbesburn center over
12 months colonization and

proliferation; in
positive patients,
and a direct link

in a UK burn
center, and ex-

understanding thewas found betweenamine the rela-
sources of bacteriaan increased inci-tionships be-
and patients’ sus-dence of bacteriatween bacterial
ceptibility, woundcolonization, delaycolonization,
care clinicians canin referral >24burn size,
form better manage-hours, length oflength of hospi-
ment and treatmenthospital stay, and

large burn size
tal stay, and de-
layed referral to reduce mortality

and morbidity from
burn wound sepsis

The study identi-
fies the common

Overestimation of
carriers because of

9.8% of patients
carried toxigenic

Establish the
risk factors for

727 patients ad-
mitted to an el-

EnglandCohort studyBehar et al
[17]

carriage of C. diffi-a higher rate inC. difficile and ribo-Clostridium dif-derly medicine
ward cile in older pa-

tients.

Patients with previ-
ous C.difficile in-

sampled patients
than in unsampled
patients. No certain-
ty whether the in-
fection was commu-

type 027 was not
identified, while ri-
botype 106 was
identified 3 times
and in 7 others

ficile in hospital-
ized patients

fections are to be
nity-acquired ortwice. Independent evaluated as a cost-
hospital-acquired.factors of coloniza- effective interven-
The study may betion included previ- tion to reduce
prone to type 2 er-ous C. difficile in- symptomatic C.
rors. Failure to cal-fection (ORa 4.53, difficile infection
culate sample size95% CI 15.48) and in hospitalized pa-

tients.due to lack of infor-
mation on the fre-

malnutrition (OR
3.29, 95% CI 1.47-
7.35) quency of coloniza-

tion before the start
of the study.

Intrahospital trans-
fers increased the

Lack of physiologi-
cal data. Use of

72.2% of the hospi-
tal transfer cases

Explore how in-
trahospital

3 hospitals with
24,240 older pa-

United King-
dom

Case-control
study

Boncea et al
[13]

odds of developingOPCS-4c, whichhad at least one in-
trahospital transfer

transfer influ-
ences the odds

tients (>65
years) nosocomial infec-

tions. Strategies for
lacks hierarchy in
the invasiveness ofand each additional

transfer increased
of developing

an HAIb in an minimizing trans-
fer should be con-

procedures and
failure to recordthe odds of acquir-

ing a nosocomial
urban hospital
network sidered. Further

studies needed to
minor medical de-
vices. Unavailableinfection by 9% in

older patients (OR identify unneces-
sary transfers.

information on
prescribed antibi-1.09, 95% CI 1.05-

1.13) otics and proton
pump inhibitors
may result in con-
founding effects.
Lack of staffing
level; unclear if in-
fection spread is
due to staff or pa-
tient casual move-
ment. Missing
symptom informa-
tion. Findings not
generalizable to the
younger popula-
tion. Lack of time
stamp inaccuracies
and diagnostic
coding errors.
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ConclusionLimitationsKey findingsStudy aimSample sizeContextStudy designReference

Lower limb frac-
ture patients colo-
nized with E. coli,
S. aureus, MRSA,
or P. aeruginosa
after 5 days in hos-
pital were at
greater risk of hos-
pital-acquired
pneumonia
(P=.002). Methods
to implement and
deliver good oral
hygiene at the
ward level in the
health system need
to be investigated
to minimize the
use of antibiotics
and length of hospi-
tal stay.

Results are not
generalizable to
medical patients.
Biased sample to-
ward “well pa-
tients,” leading to
underestimation of
exposure and out-
come variables.
Overestimated
hospital-acquired
pneumonia inci-
dence. Overpredic-
tion of significance
when the coloniza-
tion index was
larger than zero.

Hospital-acquired
pneumonia was not
associated with
dentate, tooth
number, or heavy
dental plaques, but
was associated
with increased hos-
pital stay and prior
oral carriage of Es-
cherichia coli/S.
aureus/Pseu-
domonas aerugi-

nosa/MRSAd (OR
9.48, 95% CI 2.28-
38.78; P=.002)

Investigate the
association be-
tween hospital-
acquired pneu-
monia preced-
ing heavy den-
tal plaque and
oral carriage of
respiratory
pathogens in
older patients
with limb frac-
tures to deter-
mine the target
for intervention
studies

90 patients with
lower limb frac-
tures aged 65-
101 years in a
general hospital

Northeast Eng-
land

Cohort studyEwan et al
[18]

Hospital keyboards
are a source of in-
fection for HAIs
with a need for fur-
ther studies on DS-
Bs to find products
that can control
DSBs while effec-
tively preventing
bacteria transfer

Selective plates
and quality control
were not selective
to a single species
from the DSB

Hospital keyboards
outside the patient
area harbor DSBs,
representing poten-
tial reservoirs for
transferrable
pathogens with
31% vancomycin-
resistant Enterococ-
cus, 17%

MDRfAcinetobac-
ter spp, and 72%
MRSA recovered
from almost half of
the 45 samples

Investigate the
presence of DS-

Bse on 52 rou-
tinely cleaned
keyboards from
4 hospitals
across the Unit-
ed Kingdom

3 hospitals and
1 dental prac-
tice

Wales, Scot-
land, England

Cross-sectional
study

Ledwoch et
al [21]

Urinary catheter
increases the risk
of severe sepsis; if
clinically indicat-
ed, should be used
and removal dates
indicated unless
long-term use is
required

Findings are not
generalizable to
other severe sepsis
cohorts with bac-
teremia

Bacteremia largely
occurred in pa-
tients aged over 50
years (64.3%) and
in men (58.2%);
common isolates
were E. coli
(34.8%) and MR-
SA (9.6%). In the
multivariable logis-
tic regression, the
site of infection
was associated
with severe sepsis
and catheter-associ-

ated UTIsg, signifi-
cant after adjust-
ment of age, sex,
Charlson comor-
bidities index, and
where the infection
was acquired

To determine
host factors that
can predict se-
vere sepsis in a
bacteremic co-
hort

500 patients in
Royal London
Hospital

LondonCohort studyMelzer and
Welch [19]
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ConclusionLimitationsKey findingsStudy aimSample sizeContextStudy designReference

Exposure to pa-
tients with nosoco-
mial SARS-CoV-2
infection poses a
risk to health care
workers and hospi-
talized patients.
Further investiga-
tion to enhance in-
fection control and
prevention around
these patients is re-
quired.

No clarity during
phase 3 onward
when weekly
screening was im-
plemented. Recall
bias from staff
self-reporting.
Staff were assumed
to be absent after
the first positive

PCRh result. Ge-
nomic sequencing
of SARS-CoV-2 is
not considered to
confirm the trans-
mission pathway.

For susceptible pa-
tients, 1 day in the
same ward with
another patient
with nosocomial
SARS-CoV-2 infec-
tion was associated
with 7.5 infections
per 1000 suscepti-
ble patients per
day, while expo-
sure to a patient
with community-
acquired SARS-
CoV-2 infection or
to an infectious
health care worker
had a lower risk of
2 per 1000 suscep-
tible patients

Quantify the
importance of
different trans-
mission path-
ways of SARS-
CoV-2 in a hos-
pital setting

4 teaching hospi-
tals

Oxfordshire,
United King-
dom

Cohort studyMo et al [16]

BMI was the main
risk factor for SSI
because of exces-
sive adipose tissue.
Diabetes status,
age, and preopera-
tive vaginal swab
status were not as-
sociated with SSI.

Stigmatization of
pregnant women.
Use of wound
swabs leading to
false-positive or
false-negative re-
sults. Missing or
inaccurate record-
ings. Small sample
size. Use of BMI
to calculate body
composition when
its accuracy has
been questioned.

BMI was associat-
ed with SSI (OR
1.17, 95% CI 1.11-
1.24; P<.001).
Nonsignificant
links were identi-
fied between SSIs
and age and vagi-
nal swab status.

Assess the inci-
dence risk and
factors con-
tributing to an

acquired SSIi

after an emer-
gency cesarean
section

206 patients
with emergency
cesarean section
in an acute dis-
trict general
hospital

EnglandCase- control
study

Ousey et al
[15]

aOR: odds ratio.
bHAI: hospital-acquired infection.
cOPCS-4: Office of Population Census and Surveys.
dMRSA: methicillin-resistant Staphylococcus aureus.
eDSB: dry surface biofilm.
fMDR: multidrug resistant.
gUTI: urinary tract infection.
hPCR: polymerase chain reaction.
iSSI: surgical site infection.

Themes

Overview
The themes identified included intrahospital transfers, increased
hospital stay, previous colonization, indwelling devices, and
BMI and age, as shown in Figure 2.
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Figure 2. Identified themes.

Theme 1: Intrahospital Transfers
According to Boncea et al [13], older patients acquired
nosocomial infections associated with ICU admissions and
in-hospital deaths (P<.001) more frequently than younger
patients 48 hours after admission (median 79, IQR 73-86 vs
median 79, IQR 72-85; P=.004) and also had higher
comorbidities (mean 4.0, SD 2.0 vs mean 3.5, SD 1.9;
difference=0.5; P<.001). The ICU admissions cases (6.7%) and
in-hospital deaths (13.3%) were significantly higher (P<.001)
among patients 48 hours after admission. The findings
demonstrated that an additional intrahospital transfer was
associated with a 9% increase in the chances of developing a
nosocomial infection (odds ratio [OR] 1.09, 95% CI 1.05-1.13).

Overall, 11.9% of the patients developed a nosocomial infection
(49.6% men and 50.4% women) with a median age of 79 (IQR
72-86) years and a mean of 3.5 (SD 1.9) Elixhauser
comorbidities, an index used to predict hospital length of stay,
hospital charges, and in-hospital mortality.

In addition, 76.0% of patients with a positive lab culture
collected at least 48 hours after hospitalization experienced at
least one transfer compared to 71.7% of controls (patients who
remained infection-free throughout the admission), with
cardiology patients experiencing more movement (median 2,
IQR 1-2). Logistic regression analysis was used to rule out the
influence of ethnicity, gender, weekend admissions, and
readmissions within 30 days. The most commonly isolated
organisms from the patient group were C. difficile, E. coli, P.
aeruginosa, Enterococcus species, K. pneumoniae, S. aureus,
coliform species, MRSA, and coagulase-negative
Staphylococcus.

Theme 2: Increased Hospital Stay
Mo et al [16] observed that an increased hospital stay increases
the risk of nosocomial infections among health care workers
and patients. The evidence indicated that newly admitted

COVID-19 patients were associated with a risk of onward
transmission to other patients in a hospital setting.

Approximately 62.1% of patients had positive SARS-CoV-2
results after admission and most of them were older. These older
patients had more extended hospital stays and more
readmissions. Susceptible patients were at a higher risk of
acquiring COVID-19 from a patient with nosocomial COVID-19
(adjusted OR 1.76, 95% CI 1.51-2.04) than from a patient with
community-acquired COVID-19 (adjusted OR 1.12, 95% CI
0.96- 1.26) or from a health care worker with COVID-19 (OR
1.45, 95% CI 1.22-1.71). These results indicated that the risk
of patients transmitting COVID-19 to other patients within the
same facility was higher as a result of increased hospital stay.
Other infections can also be transmitted because of interacting
with the same health care workers and patients for prolonged
periods. Mo et al [16] observed that exposure to nosocomial
infections was linked with a substantial infection risk to other
hospitalized patients.

These findings are consistent with those of Ewan et al [18], who
found that increased hospital stay was significantly associated
with nosocomial infections (Fisher exact test P=.001). Similarly,
Boncea et al [13] found that increased length of hospital stay
was associated with nosocomial infections even when the
researchers controlled for severity of illness.

Theme 3: Previous Colonization
According to Behar et al [17], risk factors for toxigenic C.
difficile colonization among patients were a previous diagnosis
of symptomatic C. difficile infection (OR 8.48, 95% CI
2.77-25.96), hospital stay of 3 months, and frailty as assessed
by the Malnutrition Universal Screening Tool (MUST) and
Barthel score. Multivariable analysis proved colonization to be
associated with previous C. difficile infection (OR 4.53, 95%
CI 1.33-15.48) and a MUST score indicating a higher level of
frailty (≥2) (OR 3.22, 95% CI 1.47-7.06); the association with
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a recent hospital stay was borderline significant (OR 2.18, 95%
CI 0.99-4.78).

Overall, 9.8% of the patients were carriers of C. difficile after
their first stool test presenting with diarrhea. The most isolated
ribotypes were 126 (×3), (009, 018, 020, 023, 028, 038, and
039) ×2, and ribotype 027 strains were undetected.

Ewan et al [18] found that prior carriage with opportunistic S.
aureus, E. coli, P. aeruginosa, and MRSA (OR 9.41, 95% CI
2.28-38.78; P=.002) was significantly associated with
nosocomial pneumonia with relative risk of 6.44 (95% CI
2.04-20.34; P=.002). A combination of pathogens was identified,
and the highest colonization rate was identified with
Streptococcus pneumoniae (n=27 patients) due to persistent
carriage, followed by Hemophilus influenzae (n=8), S. aureus
(n=6), P. aeruginosa (n=4), MRSA (n=3), and E. coli and
Acinetobacter spp (n=2). Ewan et al [18] also identified an
association between nosocomial pneumonia with admission
from the hospital, active cancer, witnessed aspiration episode,
increased frailty, antibiotic intake before admission, and reduced
mobility.

Theme 4: Indwelling Devices
Melzer and Welch [19] sought to establish whether the presence
of a urinary catheter predicts severe sepsis as a nosocomial
infection within a bacteremic cohort. The researchers identified
64.3% bacteremic episodes in patients >50 years old, 58.2% of
whom were men. The episodes were community-acquired, health
care–associated, and hospital-acquired infections, but
community-acquired episodes were not associated with severe
sepsis (Pitt score≥2). Site of infection, individual patient, critical
care admission, and catheter-associated UTI were significantly
associated with severe sepsis. After multivariate analysis, the
site of infection was significantly associated with severe sepsis,
with a stronger association for catheter-associated UTIs (OR
3.87, 95% CI 1.82-8.22), which remained significant after
adjustment for age and where the infection was acquired (OR
3.94, 95% CI 1.70-9.11). These results indicate that indwelling
devices such as a urinary catheter are a risk factor that can
predict nosocomial infections such as severe sepsis.

Theme 5: BMI and Age
Wloch et al [20] found that 10 days following a hospital
admission was the median time for all SSIs and 8 days of
admission was the median time for deep and organ infections
alone. The mentioned risk factors for these nosocomial
infections included BMI, which was strongly associated with
superficial infections (P<.001), and deep organ space (P<.003).
After multivariate analysis, women with a BMI of 25-30
(overweight) had an estimated OR of 1.6 (95% CI 1.2-2.2)
compared to that of women within a normal BMI range. The
results also indicated that women with a BMI >30 (obese) had
a 2.4-times greater chance of nosocomial infection (95% CI
1.7-3.4).

After multivariate analysis, age had a stronger association for
SSIs and women <20 years of age (P=.04) had a weaker
association for SSIs. S. aureus was the commonly associated
organism at 40.4%; 17.7% were methicillin-resistant organisms

and the rest included anaerobic cocci at 23.2%,
Enterobacteriaceae at 13.3%, and streptococci at 7.4%.

Boncea et al [13] observed that increased age was a risk factor
for nosocomial infections in a study focused on
hospital-acquired infections in an urban UK hospital network.
Patients with hospital-acquired infections were older than those
who did not acquire the infections (median 79, IQR 73-86 vs
median 79, IQR 72-85; P<.001). Boncea et al [13] also found
that older patients had a higher number of comorbidities than
younger patients (mean 4.0, SD 2.0 vs mean 3.5, SD 1.9;
difference=0.5; P<.001).

Discussion

Principal Findings
The findings of this systematic review provided answers to the
study objectives. The main risk factors of nosocomial infections
identified in this study include intrahospital transfers, increased
hospital stay, previous colonization, indwelling devices, and
BMI and age.

Blay et al [22] demonstrated that intrahospital transfers increased
the risk of developing nosocomial infections, with the majority
of patients in the study undergoing 2.4 transfers per year. This
finding has been supported by Boncea et al [13], who reported
that an additional intrahospital transfer was associated with a
9% higher risk of acquiring infections in a hospital. Boncea et
al [13] also found that older patients were more likely to develop
nosocomial infections. The prevalence of nosocomial infections
was high in the older population due to frailty and
immunosuppression. Intrahospital transfers occurred as a result
of lesser equipped wards along with procedure rooms and bed
shortages that expose susceptible patients to infectious hospital
surfaces, staff, and other patients, thus increasing their risk of
nosocomial infection. The findings suggested that minimizing
infection risk to be a priority when transferring patients.
Kulshrestha and Singh [23] mentioned that patient intratransfers
should aim at maintaining patient care to minimize morbidity
and mortality. Single-patient rooms can be used to lower
pathogen transmission and the number of intrahospital transfers,
thereby reducing interactions between staff, hospital surfaces,
and patients to eventually reduce the incidence of nosocomial
infections [13].

Mo et al [16] observed that COVID-19 transmission between
patients and staff had a stronger association for nosocomial
COVID-19 than community-acquired COVID-19 [16]. The
daily risk of COVID-19 was associated with increased exposure
to newly infected patients and staff. Medical professionals can
address this challenge by providing adequate sick pay leave for
symptomatic staff for better complete recovery and regular
screening for early detection to reduce cross-infection and
control for the incidence of nosocomial COVID-19.
Furthermore, early symptom presentation and regular screening
of staff and patients is a better strategy for infection prevention
and control, where infected patients and staff should be isolated
immediately.

According to Behar et al [17], older patients were largely
colonized by C. difficile presenting with diarrhea and
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contributing to transmission to other patients. The risk of
colonization with asymptomatic C. difficile was due to frailty
associated with suppressed immunity, which resulted in
increased mortality. The risk of colonization was also associated
with previous diagnoses and longer hospital stays. Early
detection and isolation upon admission can reduce the further
spread of nosocomial C. difficile. In a study by Dubberke et al
[24], patients showed acquisition of C. difficile while
hospitalized. The initial intake of antibiotics was associated
with disease, whereas susceptibility to colonization with C.
difficile was associated with suppressed immunity and an altered
intestinal flora composition, gender, preexisting comorbidities,
and frailty-determined mortality rate [17]. Risks such as previous
hospital admission, antibiotic therapy, and immune suppression
were well documented and explained in a similar study on C.
difficile infection in hospitalized children in the United States
[25].

Nosocomial pneumonia occurred after admission, with most
samples positive for colonization with S. aureus, MRSA, P.
aeruginosa, and E. coli, which resulted in extended hospital
stays of 30 days, similar to patients with ventilator-associated
pneumonia and aspiration pneumonia in medical patients [18].
Colonization was identified as the key risk factor for nosocomial
pneumonia.

The results of this systematic review indicate that detection
using molecular techniques resulted in a high incidence rate of
nosocomial pneumonia in the exposed patient group. Ewan et
al [13] failed to identify K. pneumoniae and Enterobacteriaceae
as prevalent organisms and a risk of nosocomial pneumonia in
frailer and unwell patients [26]. Oral colonization began within
72 hours of admission in a majority of the cases, with the
possible explanation that some have been acquired from the
community or upon admission; therefore, interventions should
start within this timeframe. Delivery of better oral hygiene at
the ward level in a resource-scarce health system can control
for antibiotic use and length of hospital stay associated with
nosocomial pneumonia.

Melzer and Welch [19] identified the presence of urinary
catheters to be strongly associated with severe sepsis, with a
stronger association for gram-negative multidrug-resistant E.
coli. Furthermore, underlying diseases and obstruction history
are also identifiable risks for severe sepsis. E. coli, a
gram-negative bacterium gastrointestinal colonizer, is known
to commonly cause UTIs and septicemia [26], which was also
associated with delayed administration of antibiotics. To account
for this, patients exhibiting any signs of sepsis should be given
immediate admission or management in critical care areas, and
implementation of a critical care bundle approach would result
in reduced admissions due to severe sepsis. A critical care
bundle would aid in the documentation of reasons for catheter
insertion, removal dates, and aseptic techniques during and after
insertion to control for infection. Medical professionals can
increase patient satisfaction and lower infection risks by issuing
catheter passports to long-term users, guiding community nurses
on the use of prophylactic antibiotics when changing catheters,
and using suprapubic catheters.

SSIs were strongly associated with an inpatient stay,
readmissions, diabetes, surgeons’ grade, and women <20 years
and >45 years of age. The most commonly isolated organisms
from the skin or genital flora were S. aureus (40.4%, 17.1% of
which were MRSA), anaerobic cocci (23.2%),
Enterobacteriaceae (13.3%), and streptococci (7.4%). BMI was
strongly associated with SSIs due to poor prescription techniques
that exclude patients’BMI, longer incision time, and slow transit
of antibiotics due to thick adipose tissue that result in impaired
wound healing and decreased immunity. This view on BMI has
been supported by Ousley et al [15]. According to Chu et al
[27], younger age in women is associated with an increased risk
for SSIs due to underdeveloped immunity to fight infections.
Older age is associated with frailty and a suppressed immune
system, which has been supported by Boncea et al [13], who
also mentioned readmission and increased hospital stay resulting
in exposure of patients to hospital surfaces with pathogenic
organisms, thereby increasing the risk for nosocomial infections.
Another study confirmed diabetes to be a risk of postsurgical
infections, which is a marker for other conditions such as
vascular changes and white blood cell malfunction, resulting
in suppressed immunity that exposes a patient to multiple
infections during and after surgery [28]. In general, the analyzed
studies identified impacts of nosocomial infections to be
associated with increased admissions, increased hospital stay,
and costs on health care services. Other studies have reached
similar findings and identified that older age, readmissions, and
longer hospital stay are associated with increased infection risk
due to exposure to infectious pathogens, frailty, and suppressed
immunity. Özdemir and Dizbay [29] found that older patients
have a higher risk of nosocomial infections resulting from
impaired immune defense, long-term hospital stay,
immunosuppressive treatments, and underlying chronic illnesses.

Study Strengths and Weaknesses
There were no systematic reviews on risk factors of nosocomial
infections in hospitalized patients, and the study identified both
qualitative and quantitative data relevant to the research topic.
As another strength, this review pointed out key risk factors
associated with nosocomial infections and the patient
populations at risk, additionally suggesting measures for
infection control and prevention, providing an advantage to the
NHS whose priority is controlling health care–associated
infections [30]. In this review, non-English articles were
excluded, which may have limited capturing information in
other languages.

Conclusions
Patients with previous colonization and underlying conditions
are at increased risk of nosocomial infections due to frailty,
extended hospital stay, and suppressed immunity. The use of
indwelling devices, increased age, high BMI, and intrahospital
transfers increase the susceptibility of patients to nosocomial
infections.

Intrahospital transfers expose patients to other infectious
patients, staff, and hospital environments, thereby increasing
their risk for infection. In addition, the number of staff per
patient has been positively associated with an increased risk of
infection. Readmissions, underlying conditions and/or active
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cancer, prior antibiotic intake associated with drug-resistant
microorganisms, and colonization with opportunistic organisms
contribute to nosocomial infections. Indwelling devices such
as urinary catheters increase the risk of sepsis, while obesity
and age are strongly associated with SSIs. The most common
organisms associated with nosocomial infections included C.
difficile, E. coli, P. aeruginosa, Enterococcus spp, K.
pneumoniae, S. aureus, coliform species, anaerobic cocci,

MRSA, coagulase-negative Staphylococcus, Enterobacteriaceae,
and streptococci.

Implemented interventions should consider the time frame
before and after admission to control for organisms acquired
during both periods. Further studies are needed to identify the
risk factors of nosocomial infections and drug-resistant
pathogens targeting a larger patient group for better infection
prevention and control.
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