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ABSTRACT

Background Intrahospital transfers have become more
common as hospital staff balance patient needs with
bed availability. However, this may leave patients more
vulnerable to potential pathogen transmission routes
via increased exposure to contaminated surfaces and
contacts with individuals.

Objective This study aimed to quantify the association
between the number of intrahospital transfers undergone
during a hospital spell and the development of a
hospital-acquired infection (HAI).

Methods A retrospective case—control study was
conducted using data extracted from electronic health
records and microbiology cultures of non-elective,
medical admissions to a large urban hospital network
which consists of three hospital sites between 2015
and 2018 (n=24240). As elderly patients comprise a
large proportion of hospital users and are a high-risk
population for HAIs, the analysis focused on those aged
65 years or over. Logistic regression was conducted to
obtain the OR for developing an HAI as a function of
intrahospital transfers until onset of HAI for cases, or
hospital discharge for controls, while controlling for age,
gender, time at risk, Elixhauser comorbidities, hospital
site of admission, specialty of the dominant healthcare
professional providing care, intensive care admission,
total number of procedures and discharge destination.
Results Of the 24240 spells, 2877 cases were included

in the analysis. 72.2% of spells contained at least one
intrahospital transfer. On multivariable analysis, each
additional intrahospital transfer increased the odds of
acquiring an HAI by 9% (OR=1.09; 95% Cl 1.05 to 1.13).
Conclusion Intrahospital transfers are associated with
increased odds of developing an HAI. Strategies for
minimising intrahospital transfers should be considered,
and further research is needed to identify unnecessary
transfers. Their reduction may diminish spread of
contagious pathogens in the hospital environment.

INTRODUCTION

In recent years, pressures from an
ageing population coupled with inpa-
tient bed reductions' have highlighted

the importance of optimising patient
flow, which encompasses patient trans-
fers between hospitals (interhospital)
and within hospitals (intrahospital). Intr-
ahospital transfers have been variously
defined in the literature as any change of
the patient’s location within the hospital,
including transfers between the emergency
department (ED) and an inpatient ward, a
ward and a procedure room, or two beds
on the same ward.” Clinical factors such
as the need for a procedure or isolation
due to infection may require transferring
the patient.” However, minimal bed avail-
ability can also induce extra intrahospital
transfers.” Strategies such as using empty
beds in short stay units for patients who
are likely to need a longer term admis-
sion,*” or temporarily admitting patients
as ‘outliers’ to clinically inappropriate
wards with available beds,® have been
used to prevent ED congestion and meet
the ‘4-hour rule’, which stipulates that
patients in ED should be assessed within 4
hours of admission. A direct consequence
of such strategies is that patients incur
extra intrahospital transfers, with elderly
patient populations disproportionately
affected.”®

Intrahospital transfers have been linked
to a number of adverse events such as
increased falls, length of stay, medication
errors, delirium and hospital-acquired
infections (HAIs).> However, despite
being established as an avenue for trans-
mission of pathogens between hospi-
tals,”!! there is still a lack of clarity around
the relationship between intrahospital
patient movement and the risk of HAL*

BM)

Boncea EE, et al. BMJ Qual Saf 2021;30:457-466. doi:10.1136/bmjgs-2020-012124

Ok 457

lealth
Foundation

1ybuAdos Aq pajoalold
‘Areiqr] uopuoT a69)j00 reuadw 1e TZ0Z ‘SZ Ae uo jwoo lwg-AiegesAurenby/:dpy woly pepeojumoq "TZ0zZ Arenuer Gz Uo 2T12T0-0202-shiwag/geTT 0T se paysignd 1s1y :fes [end NG


http://qualitysafety.bmj.com/
http://www.health.org.uk/
http://dx.doi.org/10.1136/bmjqs-2020-012582
http://dx.doi.org/10.1136/bmjqs-2020-012582
http://orcid.org/0000-0001-6552-8381
http://orcid.org/0000-0002-5533-7693
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjqs-2020-012124&domain=pdf&date_stamp=2021-05-05
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/
http://qualitysafety.bmj.com/

Original research

HAIs are defined as infections which have developed
in a hospital or other healthcare delivery setting 48
hours or more following admission, or prior to this in
a patient discharged in the preceding 48 hours."® They
place a significant burden on health systems, leading
to increased mortality, intensive care unit (ICU) admis-
sions and longer hospital spells.'* Several factors could
underlie a possible association between HAIs and
intrahospital transfers. Patients with frequent trans-
fers are exposed to a greater number of environments
and contacts in the hospital, increasing their risk of
exposure to pathogens from contaminated surfaces,
other patients or healthcare workers."”™® Transferred
patients may also experience delays in receiving care
on admission to a new unit, thus extending their
hospital stay,” '* which is itself a risk factor for HAIs.*

While some cross-sectional studies have explored the
association between HAIs and intrahospital transfers,
these are subject to reverse causality bias, as any trans-
fers following HAI diagnosis cannot be implicated in its
cause.'” 2! 2 We identified only one case—control study
considering room transfers prior to infection. The
group reported that for each additional room transfer,
the odds of becoming infected with Clostridium diffi-
cile infection (CDI) increased by 7%," and showed
that cases have a more dispersed hospital coverage
than controls using network analysis.>> Bush et al also
showed that units with high incoming transfer rates
were statistically associated with new cases of CDL'*

To the best of our knowledge, analyses of intrahos-
pital transfers have not yet been linked with a broad
range of microbiology data, despite the fact that many
other nosocomial pathogens can contaminate hospital
surfaces.”* # Moreover, no such analyses have been
conducted using UK healthcare system data, or infor-
mation from multiple hospital sites. The present study
applies statistical modelling to explore how the number
of intrahospital transfers patients undergo influences
the odds of developing any HAI in an urban hospital
network. The network consists of five hospitals across
four sites which together comprise a hospital ‘trust’. As
elderly patients make up a large proportion of hospital
inpatients, and HAIs are more prevalent in this popu-
lati(z)én, the analysis is focused on those over the age of
65.

METHODS

A retrospective case—control study was conducted
using routinely collected electronic health records
(EHR) and microbiology data.

Data sources

Individual-level data of patients admitted during
a 3-year period falling between January 2015 and
December 2018 to the hospital trust were extracted
from the electronic system used to routinely record
patient health information. The data were anonymised,
and accessed in a secure environment. The data have

a hierarchical structure; an anonymised unique ID
is given to each patient, and a unique ID to each
hospital spell of a patient, which begins when the
patient is admitted and ends due to death or hospital
discharge.”” Each hospital spell can contain multiple
consultant ‘episodes’, which signify a change of the
consultant responsible for the patient’s care. The orig-
inal EHR data set provided 53 variables including:
timestamped day of admission, discharge, ward IDs
with entry and exit times, and treatment function
codes (TFC), which refer to areas of clinical work
based on the main specialty or subspecialty of the
healthcare professional responsible for the patient.®
In addition, diagnoses (International Statistical Classi-
fication of Diseases and Related Health Problems 10th
Revision (ICD-10)) and procedures (Office of Popula-
tion Censuses and Surveys Classification of Interven-
tions and Procedures (OPCS-4)) aggregated by episode
of care were included.”” The data set was linked to a
diagnostic microbiology data set by hospital spell ID,
which provided the sample collection time and date,
site and the causative organism if present.

Hospital trust characteristics

Of the five hospital sites, two were excluded from
the analysis as they pertain to specialist maternity
and ophthalmology centres. The remaining three sites
contain approximately 1130 acute beds, including 136
critical care beds. Wards contain between 7 and 25
beds, with most wards comprising four to six bedded
bays, while a small minority of wards contain only
single rooms.

Patient population

The patient sample was restricted to non-elective
patients, aged 65 and over, who had a hospital spell
duration of at least 48 hours. Non-elective spells,
which refer to unscheduled hospital admissions, were
selected in order to create a more uniform patient
population with regard to inpatient movement. In
addition, patients categorised under a surgical TFC
were excluded (online supplemental table 1), as
surgical patients experience a higher number of intr-
ahospital transfers, are likely to be prescribed antibi-
otics prophylactically and have a heightened risk of
infection.’® Patients who developed an infection in
the first 48 hours after admission were also excluded
from the analysis, regardless of whether they had had
a recent admission, in order to remove all likely cases
of community-acquired infections. A flow chart of the
full exclusion criteria of study participants is provided
(online supplemental figure 1).

Outcome measure

The primary outcome was diagnosis of an HAI, defined
as a positive laboratory culture (or PCR and/or immu-
noassay for CDI diagnosis, as per the European point
prevalence survey definition, see online supplemental
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table 2)*! collected at least 48 hours after hospitalisa-
tion. The sample collection date was calculated as days
and fractions of days based on the time and date the
sample was taken. This was used to define the time of
HAI diagnosis. If patients developed more than one
infection during their hospital spell, the sample collec-
tion time and organism of their first infection was
selected. Only one organism was recorded per sample,
therefore coinfections were beyond the scope of this
study.

Intrahospital transfers

The main exposure of interest was number of intrahos-
pital transfers undergone during time at risk. We define
time at risk for each spell as the length of time between
a patient’s admission and the first positive culture for
cases, and discharge or death for controls. All time-
dependent covariates were computed for the duration
of time at risk in days and fractions of days, based on
the timestamp of the variable (see Covariates section).
Changes in ward ID were used to derive the number of
intrahospital transfers undertaken. Any change in ward
ID was considered an intrahospital transfer, irrespec-
tive of the time spent in the new location, therefore
capturing temporary transfers to procedure rooms or
admissions and discharge lounges. Bed transfers on the
same ward were not included as these transitions are
not timestamped, but bed transfers are highly corre-
lated with the intrahospital transfer count used (online
supplemental text 1). In addition, as the data set started
from inpatient admission, transfers from the ED to the
first inpatient ward were not included, while all intr-
ahospital transfers that occurred between in-hospital
wards, including ambulatory emergency care centres,
were used in the transfer count.

Covariates

Elixhauser comorbidities, which comprise 31 comor-
bidity indicators, based on ICD-10 codes present in
the episodes of care which began before the collec-
tion date were used to create a composite comorbidity
measure per hospital spell, to provide comorbidity risk
adjustment.>® Procedures were also included in risk
adjustment because specific intrahospital transfers may
be associated with heightened risk of infection due to
the nature of the procedures that occur in the new
location. For example, contaminated endoscopes and
haemodialysis machines have been shown to be silent
reservoirs for HAIs,*® ** therefore, transfers to dialysis
and endoscopy procedure locations would appear to
have an increased risk. OPCS-4 codes include a broad
range of procedures for the diagnosis and treatment
of disease, ranging from complex operations, such
as transplants, to minor incisions, and non-operative
procedures such as medical imaging.”’ No classifica-
tion system exists for OPCS-4 codes, therefore these
were enumerated per hospital spell. All OPCS-4 codes
were included from the episodes of care that began

and ended before the sample collection date. However,
for the episodes of care containing the collection date,
a linear interpolation was conducted to estimate the
number of procedures only up to collection date,
assuming that procedures were evenly distributed over
the duration of the episode (figure 1).

Interpolated procedure number was computed by:

(Sample Collection Date—Episode Start Date)

(Episode End Date—Episode Seare Datc) X Total procedures during infection episode

The number of procedures in this episode was inter-
polated independently to the episodes which ended
before the collection date and the two were combined
to obtain the final procedure number. While the prin-
cipal diagnosis of patients was not available from the
EHR data, the patient’s TFC up to collection date
for cases, or hospital exit for controls, was used to
categorise individuals into 20 disease-related groups,
and control for differences between patient groups. If
multiple TFCs were assigned over a patient’s spell, the
TFC under which the patient spent the longest dura-
tion was taken. Patient discharge location was also
included as a categorical covariate, as discharge to a
nursing home, another hospital provider or death is
indicative of a frailer patient than those discharged to
their own residence. Discharge destination has also
been previously associated with increased ward trans-
fers.'” Lastly, as patients residing in ICUs have a higher
likelihood of developing an HAL? ICU admission
before collection date for cases, or hospital exit for
controls was included as a covariate. The final model
was adjusted for age, gender, time at risk, Elixhauser
comorbidities, hospital site of admission, dominant
TFC, ICU admission, total number of procedures and
discharge destination.

Statistical methods

The unit of analysis in the study is the individual hospital
spell. Data were initially explored descriptively to
ascertain the baseline characteristics of hospital spells.
Covariates which displayed a non-linear relationship
with the outcome variable were grouped into catego-
ries with a similar relation to the outcome. A table of
the categories chosen and numbers of observations in
each category is given (table 1). Comparisons between
cases and controls were conducted using ¥ tests.

The association between intrahospital transfers and
HAI was analysed using a logistic regression model. A
purposeful model selection approach was taken which
considered potential confounders associated with the
exposure and outcome based on previous studies and
clinical opinion, alongside data-driven exploration.
For each confounder included in the multivariable
model, logistic regression model performance was
assessed using goodness-of-fit tests and inspection of
residuals to guide selection. No multicollinearity was
found between independent variables. Patients with a
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Example Case

Interpolated procedures

Time-at-risk
< >
Intrahospital Intrahospital Intrahospital
transfer 1 transfer 2 transfer 3
Admission
time/start of Start of Sample Start of Discharge
episode 1 48 hours episode 2 collection  episode 3 time
after
admission

L |

][] ][]
A ;

Aggregated procedures and
diagnoses from T, to T; (episode 1)
are included

Aggregated diagnoses are included
from T; to Te. Procedures are
interpolated from T;to Ts

[

Aggregated procedures and diagnoses
from Tg to T (episode 3), as well
transfer 3 are excluded

Example Control

Time-at-risk
Intrahospital Intrahospital Intrahospital
transfer 1 transfer 2 transfer 3
Admission
time/start of 48 hours Start of Start of Discharge
episode 1 after episode 2 episode 3 time
admission l
Time

Aggregated procedures and diagnoses from T, to T, (episode 1 to episode 3)
are included

Figure 1

Illustration of time at risk definition, and time stamping in the EHR dataset using a fictitious case and control. Time at risk, intrahospital transfers

and TFC were continuously monitored, giving a precise timestamp for their occurrence, while OPCS-4 and ICD-10 codes which are aggregated within
consultant episodes. Although the optimal method of counting the OPCS-4 and ICD-10 codes for cases is to only include those which occurred from T, to T,,
due to the resolution of time stamps available in the data, only those from T, to T, were available. The procedure number in such episodes was interpolated

betweenT, to T,.

time at risk over 57.2 days were excluded (the top 1%
of time at risk distribution) as they are likely atypi-
cally complex cases with regard to procedures, treat-
ment and comorbidities (online supplemental table
3 for results including this population). Missing data
were minimal, therefore spells containing incomplete
information were removed while missing microbi-
ology spells were treated as negative. Spells containing
timing inconsistencies were also removed.

Data exploration showed that patient-level clus-
tering did not impact results (online supplemental
table 4A); therefore, hospital spells from the same
individual were considered independent observations,
and multiple spells per patient were included if the
eligibility criteria were met. In addition, TFC-level and
hospital site-level clustering was found to be minimal,
and conducting a multilevel logistic regression using
TFC or hospital site as a second-level cluster did not
meaningfully alter the results (online supplemental
table 4B-D).

Sensitivity analyses

It is possible that in some instances patients with a
suspected infection are transferred to a single room on
a different ward prior to sample collection. To assess
the robustness of results against this, a sensitivity

analysis was conducted with time at risk defined as 12
and 24 hours prior to the sample collection date. In this
analysis, the case definition was accordingly updated,
meaning that cases with a time at risk of less than 48
hoursunder the new definition were removed. A second
sensitivity analysis in which surgical patients were
identified for exclusion by OPCS-4 codes, as opposed
to TFC, was conducted to ensure that the possibility of
misclassification of medical patients under a surgical
TFC does not affect the results (online supplemental
tables SA,B and 6). Finally, in our primary analysis,
all positive cultures were assumed to be the first stage
of an endogenous infection, allowing the possibility
that some cases are misclassified due to colonisations
detected in the host without causing a disease. A sensi-
tivity analysis in which cases were restricted to positive
samples isolated only from a sterile body site, defined
as blood or urine, was conducted to assess the robust-
ness of results (online supplemental table 7).

ORs with 95% ClIs are reported for unadjusted and
adjusted analyses, with a p value <0.05 considered to
be statistically significant. Residuals were examined
to confirm the normality assumption was met. All
analyses were performed using STATA V.16 software
(STATA, College Station, Texas) and R Studio (http://
WWW.r-project.org).
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Table 1

Characteristics of the 24 240 hospital spells, stratified by cases and controls. In addition, the frequency and percentage of

patients across the categories of covariates used in the multivariable regression are given, with corresponding % tests for significance (see

online supplemental material for full table)

All spells (n=24240)

Controls (n=21363)

Cases (n=2877)

Characteristic n % n % n % P value
Gender
Male 12032 49.64 10592 49.58 1440 50.05 0.635
Female 12208 50.36 10771 50.42 1437 49.95
Age
Median, IQR 79 72-86 79 72-85 79 73-86
65-70 4740 19.55 4248 19.88 492 17.10 0.004
71-75 4155 17.14 3666 17.16 489 17.00
76-80 4723 19.48 4144 19.4 579 20.13
81-85 4516 18.63 3977 18.62 539 18.73
86+ 6106 25.19 5328 24.94 778 27.04
Attended ICU
No 23642 97.53 20958 98.1 2684 93.29 <0.001
Yes 598 2.47 405 1.90 193 6.71
Elixhauser comorbidities
Mean, SD 3.54 1.9 3.48 1.89 4.00 1.98
0 695 2.87 651 3.05 44 1.53 <0.001
1-3 12265 50.6 11061 51.78 1204 41.85
4-6 9516 39.26 8204 384 1312 45.6
7-9 1685 6.95 1386 6.49 299 10.39
10 or more 79 0.33 61 0.29 18 0.63
Time at risk (days)
Median, IQR 6.30 3.61-11.74 6.31 3.60-11.72 6.21 3.69-11.85
2-5 9756 40.25 8610 40.3 1146 39.83 0.016
5-7 3614 14.91 3154 14.76 460 15.99
7-10 3501 14.44 3115 14.58 386 13.42
10-15 3270 13.49 2890 13.53 380 13.21
15-20 1634 6.74 1433 6.71 201 6.99
20-30 1480 6.11 1275 5.97 205 7.13
30-40 611 2.52 541 2.53 70 2.43
40+ 374 1.54 345 1.61 29 1.01
Procedures
Median, IQR 2 0-5 2 0-5 2 0-5
Procedures (n) 7866 32.45 7057 33.03 809 28.12 <0.001
1 1854 7.65 1451 6.79 403 14.01
2-8 11917 49.16 10531 49.3 1386 48.18
9-13 1837 7.58 1659 7.77 178 6.19
14 or more 766 3.16 665 3.11 101 3.51
Hospital site of admission
1 7704 31.78 6831 31.98 873 30.34 <0.001
2 12348 50.94 10940 51.21 1408 48.94
3 4188 17.28 3592 16.81 596 20.72

ICU, intensive care unit; IQR, Interquartile range .

RESULTS

Patient and hospital characteristics

A total of 24240 hospital spells were included in
the analysis, pertaining to 16018 individual patients
admitted to the three hospital sites over the 3-year data
collection period. Cases were defined as spells with a
positive laboratory culture collected at least 48 hours

after hospitalisation, while controls were defined as
spells where the patients remained infection free for
the entirety of their spell. The intraclass correlation
coefficient (ICC) computed using hospital site as a
second-level cluster was low (ICC=0.004), suggesting
any differences between hospital site characteristics on
rate of infection were minimal. Table 1 summarises
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Table 2 Individual counts and percentages of the most
commonly isolated pathogens comprising 81.02% of the 2877
cases are given

Organism name n %

Clostridium difficile toxin 930 32.32
Escherichia coli 462 16.06
Pseudomonas aeruginosa 250 8.69
Enterococcus sp 162 5.63
Klebsiella pneumoniae 153 5.32
Staphylococcus aureus 135 4.69
Coliform sp 99 3.44
Methicillin-resistant Staphylococcus aureus 73 2.54
Coagulase-negative staphylococcus 67 233

patient characteristics by the outcome. Over the time
period, 11.9% of patients developed an HAI. 49.6%
of patients in the cohort were male while 50.4% were
women, with a median age of 79 (IQR 72-86) and a
mean of 3.5 Elixhauser comorbidities (SD 1.9).

The median time at risk was 6.3 days (IQR
3.6-11.7). General medicine (31.5%), geriatric medi-
cine (15.1%), respiratory medicine (8.9%), cardi-
ology (8.4%), stroke medicine (8.1%) and nephrology
(5.2%) comprised 77.2% of spells. Gender and read-
mission within 30 days did not differ between cases
and controls. However, patients who acquired an
HAI were older than those who did not (median 79,
IQR 73-86 vs median 79, IQR 72-85, p=0.004), and
had a higher mean number of Elixhauser comorbid-
ities (mean 4.0, SD 2.0 vs mean 3.5, SD 1.9; differ-
ence=0.5; p<0.001). Both ICU admission (6.7% vs
1.9%; difference=4.8%; p<0.001) and in-hospital
death (13.3% vs 6.4%, difference=6.9%; p<0.001)
were higher for cases. Significant differences were also
found in proportions of procedures and time at risk
intervals between cases and controls (p<0.001 and
p=0.016, respectively). Table 2 describes the most
frequently isolated pathogens among cases.

While 27.8% of patients did not undergo any intra-
hospital transfers, 44.2% of patients underwent one
intrahospital transfer during their spell, 17.1% under-
went two transfers and 11.0% underwent three or
more transfers. Cases experienced more transfers than
controls with 76.0% of cases undergoing at least one
transfer, compared with 71.7% of controls. Intrahos-
pital transfers varied marginally by TFC, with cardi-
ology patients moving most frequently (median 2,
IQR 1-2). Figure 2 depicts box and whisker plots with
probability densities of intrahospital transfers by TFC.

Univariable logistic regressions were used to explore
the effects of possible covariates on the outcome
(online supplemental table 8) and showed that
ethnicity, weekend admission and readmission within
30 days were not significantly associated with the
odds of developing an HAI and were excluded from
the final multivariable model. Weekend admission was

Stroke Medicine | @ & ——————
Rheumatology il m——————
Respiratory Medicine | —== ¢ = ———
Rehabilitation | ——<@r &>=——————— —
Neurology |- @=><————— —
Nephrology c: —_— —
Medical Oncology | <€ %@—(»— ______
Infectious Diseases %——
Hepatology | =<@>—em—— —

- - )y S —
Geriatric Medicine | << 3>

Genito-urinary Medicine #

General Medicine | ¢ <> > — — —

Gastroenterology
Endocrinology —‘_0"'— et ————————
Diabetic Medicine e m—————— ——
Critical Care Medicine %———
Clinical Oncology ¢=— ——

Clinical Haematology | <€ <@—————

Dominant Treatment Function Code

Cardiology | €< P o————————

Accident & Emergency =

0 2 4 6 8 10
Intrahospital Transfers

Figure 2 Violin and box and whisker plots of intrahospital transfers
stratified by the dominant TFC the patient was listed under. The length

of the box represents the IQR, the horizontal line in the box interior
represents the median, the whiskers represent the 1.5 times the IQR of
the 25th quartile or 1.5 times the IQR of the 75th quartile. The violin plot
depicts the probability density for each TFC group at a given intrahospital
transfer value.

also modelled as an interaction in the multivariable
regression model, but was not statistically significant.
All other covariates included showed significant rela-
tionships, with the exception of gender, which was
defined a priori as a covariate.

In the multivariable logistic regression results, it was
found that each additional intrahospital transfer was
associated with a 9% increase in the odds of devel-
oping an HAI (OR=1.09; 95% CI 1.05 to 1.13).
Table 3 shows the results of the univariable and multi-
variable logistic regression analyses (full model in
online supplemental table 9).

Sensitivity analysis

A similar effect estimate was seen when time at risk
was defined as 12 hours prior to the collection date
(OR=1.07; 95% CI 1.03 to 1.11) and 24 hours prior
to the collection date (OR=1.07; 95% CI 1.02 to 11).
In addition, exclusion of surgical patients by OPCS-4
code as opposed to TFC yielded an OR of 1.10 (95%
CI 1.06 to 1.13). Finally, restricting positive samples
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Table 3 Univariable and multivariable logistic regression analysis exploring the relationship between intrahospital transfers and

hospital-acquired infection in 24 240 hospital spells

OR for development of any HAI

Univariable model

Multivariable model*

OR P value

95% Cl OR P value 95% CI

Intrahospital transfers 1.08 <0.001

1.05to 1.11 1.09 <0.001 1.05t0 1.13

*Multivariable model adjusted for: age, gender, time at risk, Elixhauser comorbidities, hospital site of admission, dominant treatment function code (TFC),
intensive care unit (ICU) admission, number of procedures and discharge destination.

HAI, hospital-acquired infection.

only to those isolated from a sterile body site resulted
in an OR of 1.11 (95% CI 1.06 to 1.16).

DISCUSSION

The present study demonstrates a robust association
between intrahospital transfers and the development
of a hospital-associated infection (HAI), with each
additional transfer increasing the odds of developing
an HAI by 9% in elderly patients. We believe this
is the first study to examine this association using
transfer data from multiple hospital sites, as well as
microbiology data from more than one organism
after accounting for the listed confounders. The study
contributes to a small number of studies exploring this
association in an analysis which considers the chro-
nology of events, and is concordant with previous
results. Our findings suggest that the decision to move
a patient should be carefully considered with regard
to infection risk. The use of routinely collected EHR
data makes the analysis scalable, efficient and easily
replicable in different settings.

The effect size is comparable to that previously
reported by McHaney-Lindstrom et al, who used
a similar time at risk approach.” While the group
conducted nearest neighbour matching on the admit-
ting department to achieve a homogenous distribution
of patient health conditions, procedure number can
vary widely between patients in the same department,
and confound the risk of the procedure with the risk
of the intrahospital transfer to the procedure room.
Our study used a conservative approach to adjust for
interventions by including all OPCS-4 codes recorded
up to infection diagnosis, and shows that these do not
fully explain the odds of acquiring an infection. Cross-
sectional studies have reported larger effects, with an
increase of up to 59% in the odds of developing an
HAI for one ward transfer compared with no trans-
fers." 2! This discrepancy likely results from the fact
that cross-sectional studies do not demarcate between
transfers that occurred before infection and those that
occurred after infection. In a univariable analysis using
intrahospital transfers for the entire hospital spell in
both cases and controls, our data also showed a larger
effect (OR=1.48; 95% CI 1.44 to 1.51).

The underlying hypothesis which implicates intra-
hospital transfers in the horizontal transmission

patterns of HAIs is in line with the results from several
other study designs, providing insight into possible
mechanisms. Similar results have been reported with
regard to the number of total roommate exposures per
day and associated risk of CDI, methicillin-resistant
Staphylococcus  aureus and vancomycin-resistant
Enterococcus.*® Single-patient rooms are thought to
lower pathogen transmission opportunities and the
incidence of HAIs through the hypothesised mech-
anism of reducing person-to-person contact and
person-surface-person contacts.'® *’~*?As intrahospital
transfers increase a patient’s exposure to both hospital
surfaces and other patients, reducing non-essential
transfers may be a comparable intervention, but
requires less resources. In addition, a requirement of
1.7 nurses has been reported for conducting a transfer,
and 1.9 nurses for receiving one.** Transferred
patients therefore experience extended interactions
with hospital staff, which is known to promote infec-
tion spread.'® *! Reducing intrahospital transfers may
therefore also lower opportunities for cross-infection
by staff-to-patient contact. Lastly, intrahospital trans-
fers have been shown to be a significant, and at times
unaccounted for, driving factor in nursing work-
load.* ** High workload is a known barrier to infec-
tion prevention and control practice adherence and
has been shown to be a risk factor for HAI spread.*’
The contribution of intrahospital transfers to heavy
workloads may therefore increase infection transmis-
sion indirectly.

Our study has some limitations. While proxy
markers were used to adjust for illness severity, the
information available did not include physiological
data which could be used to compute more detailed
disease severity markers in order to control for
patient’s baseline risk for infection. OPCS-4 codes
are limited by a lack of hierarchy with regard to the
invasiveness of procedures, and do not record all
minor medical devices. Additionally, unavailability of
information on prescription of antibiotics and proton
pump inhibitors, which have been linked to increasing
colonisation pressure of some pathogens, may like-
wise result in unobserved confounding.** ** However,
as we have controlled for events where a patient
may be given antibiotics (procedure count and ICU
admission), there is little rationale for a confounding
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relationship between antibiotic prescription, intrahos-
pital transfers and HAIs. EHR information also lacks
staffing levels, staff movement or casual patient move-
ment which may be implicated in infection spread.**™*®
It is plausible that intrahospital transfers are a marker
of reduced staff capacity, but this could not be fully
investigated due to lack of information on staffing.
However, weekend admissions, when hospitals are
typically less well staffed, were not associated with
increased risk of HAIs or increased intrahospital trans-
fers. Furthermore, in an exploratory analysis which
adjusted for periods of higher admissions, the associa-
tion between intrahospital transfers and HAI remained
consistent (online supplemental table 10). Prevalence
of HAI was higher in our sample than the previously
reported English national average of 6.4%,’" although
this may be due to the elderly population considered.
There is a possibility of misclassification of colonisa-
tions as pathogenic infections, due to unavailability of
symptom information. However, this non-differential
classification of cases would only lower the OR
towards the null (online supplemental table 3).*” The
study is also limited by factors common to all routine
data-based analyses, such as timestamp inaccuracies
or diagnostic coding errors, but steps were taken to
remove spells containing inconsistencies. Finally,
while our findings are of relevance to elderly patients
attending other National Health Service (NHS) hospi-
tals, they may not be generalisable to a younger, less
HAI susceptible population, who likely undergo fewer
intrahospital transfers.

The hospital is a complex, highly connected system
and intervening in one portion of the patient journey
is unlikely to lead to overall improvements.’® Future
quality improvement initiatives may include equipping
low level-of-care wards with increased capacity for
close monitoring in order to prevent some transfers
to a higher level of care in less severely ill patients.
Increasing use of portable diagnostics could also reduce
transfers to procedure wards.’" >* In addition, hospital
staff should avoid transferring infectious patients to
single rooms on different wards for isolation, which
may perpetuate the spread of pathogens through the
hospital environment. Finally, these findings have
particularly important implications for outlying
patients, many of whom will be older and frailer,®
and necessarily experience an increase in intrahospital
transfers.’ Admitting patients to an inappropriate
ward should be balanced with the accompanying risk,
and avoided in individuals who are highly susceptible
to infection. This may be particularly important in light
of the COVID-19 pandemic, where patient movement
could increase risk of hospital-acquired COVID-19.°*

Amid widespread bed reductions, the NHS has
been accommodating more patients in fewer beds.
However, an unintended consequence of this may
be an increase in intrahospital transfers. The present
study demonstrates that, for elderly patients, each

extra intrahospital transfer confers a 9% increase in
the odds of developing an HAIL Further prospective
research is needed to better characterise unnecessary
intrahospital transfers and consider strategies for mini-
mising transfers. This could diminish the spread of
contagious pathogens in the hospital environment and
lighten workloads in a stretched healthcare system.
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Supplementary Tables and Figures

Table 1: A list of the treatment function codes, from patients present in the unfiltered dataset,
used to select surgical patients.

List of treatment function descriptions Treatment
used to identify surgical patients Function
Code

Anaesthetics 190
Blood and Marrow Transplantation 308
Breast Surgery 103
Cardiac Surgery 172
Cardiothoracic Surgery 170
Colorectal Surgery 104
Ear Nose and Throat 120
General Surgery 100
Gynaecology 502
Hepatobiliary & Pancreatic Surgery 105
Neurosurgery 400
Ophthalmology 130
Oral Surgery 140
Paediatric Ophthalmology 216
Paediatric Surgery 171
Paediatric Trauma And Orthopaedics 214
Paediatric Urology 211
Pain Management 191
Plastic Surgery 160
Podiatric Surgery 663
Thoracic Surgery 173
Transplantation Surgery 102
Trauma & Orthopaedics 110
Urology 101
Vascular Surgery 107
Upper Gastrointestinal Surgery 106
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Figure 1: Flow chart depicting data linking, selection criteria and number of spells included in

the analysis.
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Continuation of Table 1 provided in main manuscript:

All Spells Controls Cases P

(n = 24240) (n=21363) (2877) value
Characteristic n % n % n %
Treatment function
code
Accident and
Emergency 1147 473 1080 5.06 67 2.33 <0.001
Cardiology 2041 8.42 1823 8.53 218 7.58
Clinical Haematology 292 1.20 227 1.06 65 2.26
Oncology 149 0.61 133 0.62 16 0.56
Critical Care Medicine 30 0.12 26 0.12 4 0.14
Diabetic Medicine 33 0.14 31 0.15 2 0.07
Endocrinology 700 2.89 546 2.56 154 5.35
Gastroenterology 1137  4.69 993 4.65 144 5.01
General Medicine 7642 3153 6884 32.22 758 26.35
Genitourinary Medicine 25 0.10 18 0.08 7 0.24
Geriatric Medicine 3670 15.14 3177 14.87 493 17.14
Hepatology 262 1.08 216 1.01 46 1.60
Infectious Diseases 61 0.25 55 0.26 6 0.21
Medical Oncology 895 3.69 812 3.8 83 2.88
Nephrology 1256 5.18 1025 4.8 231 8.03
Neurology 226 0.93 181 0.85 45 1.56
Rehabilitation 526 2.17 458 2.14 68 2.36
Respiratory Medicine 2155 8.89 1863 8.72 292 10.15
Rheumatology 24 0.10 19 0.09 5 0.17
Stroke Medicine 1969 8.12 1796 8.41 173 6.01
Discharge destination
Home residence 20013 82.56 17962 84.08 2051 71.29 <0.001
Temporary residence 295 122 257 1.20 38  1.32
Patient died in hospital 1752 723 1369  6.41 383 13.31
NHS Nursing home or
Local Authority
accommodation 627 2.59 500 2.34 127 4.41
Non-NHS run care home
or hospice 444 183 328 154 116 4.03
Psychiatric unit 23 0.09 21 0.10 2 0.07
Other NHS hospital
provider 1008 4.16 861 4.03 147 5.11
Private hospital 78 0.32 65 0.3 13 0.45
Readmission within 30
days*
No 21607 89.14 19067 89.25 2540 88.29 0.118
Yes 2633 10.86 2296 10.75 337 11.1
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*in spells meeting the study eligibility criteria

Sensitivity Analysis concerning Clostridium difficile infection (CDI) definition:

In our study CDI cases included patients with CDI toxin detected in a stool sample by either
immunoassay or polymerase chain reaction (PCR) test (with the first result taken if both
tests were performed). It was assumed that in accordance with trust guidance C. difficile was
only investigated in patients with diarrhoeal stools, therefore our definition is in line with the
European Point Prevalence Survey which states one of the criteria for a hospital-acquired
C.dlfficile infection as: ‘diarrhoeal stools or toxic megacolon, and a positive laboratory assay
for C. difficile toxin A and/or B in stools or a toxin-producing C. difficile organism detected in
stool via culture or other means, e.g. a positive PCR result...at least 48 hours after
admission’. However, as this yielded a high number of CDI cases, we conducted a
sensitivity analysis in which only PCR confirmed CDI samples were included in cases. All
other CDI toxin results were assumed to be false positives and reassigned to controls
resulting in a total sample size of 24,851 spells (22,553 controls and 2,298 cases), and 89
positive CDI cases (comprising 3.9% of all cases). The multivariable results of the
association between intrahospital transfers and hospital-acquired infection (HAI) remained
consistent with the original analysis, with a small increase in OR in the univariable analysis.

Table 2: Univariable and multivariable model results in 24,851 hospital spells, with CDI
cases defined by a positive PCR result.

Odds ratio for development of any HAI
Univariable model Multivariable model*
Intrahospital OR P value 95% Cl OR  Pvalue 95% Cl
transfers 110  <0.001  1.07-1.14 108 <0.001  1.04-1.13

*Multivariable model results were adjusted for: age, gender, time at risk, Elixhauser
comorbidities, hospital site of admission, dominant treatment function code, admission to
an intensive care ward, number of procedures and discharge destination.

We concluded that while CDI cases compose a large proportion of the cases, they are not
influential drivers of the effect between intrahospital transfers and HAI in these data.
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Table 3: Univariable and multivariable logistic regression analyses exploring the relationship
between intrahospital transfers and hospital-acquired infection (HAI) in whole time at risk
distribution of patients (n=24,484).

Odds ratio for development of any HAI

Univariable model Multivariable model*
Intrahospital OR P value 95% CI OR Pvalue 95% Cl
transfers 1.07  <0.001  1.04-1.11 1.08  <0.001 1.04-1.12

*Multivariable model results were adjusted for: age, gender, time at risk, Elixhauser
comorbidities, hospital site of admission, dominant treatment function code, admission to
an intensive care ward, number of procedures and discharge destination.

Text 1: Correlation between bed-transfers and ward-transfers

Unlike the ward-transfer variable in our dataset, the bed-transfer variable was not time
stamped. Once a case entered the ward on which their positive sample was collected, it was
not possible to tell which bed transfers happened prior to the diagnosis and which happened
after the diagnosis, and possibly due to it. With this limitation in mind, we conducted an
exploratory sensitivity analysis in which we included any bed changes which occurred up to
the ward entry time of the ward on which a case had their sample collected (therefore likely
undercounting the number of bed-transfers for cases). Additionally, the bed-transfer variable
captures instances where a patient is moved to a trolley while visiting a diagnostic area, and
so includes some between, as well as within ward movements. Therefore, any changes of
environment including a change of ward were counted in this sensitivity analysis. Results
showed that bed/inter-ward transfers were highly correlated with ward-transfers (Pearson
correlation = 0.998, Spearman correlation = 0.997).
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Alternative Model Results:

The residual intraclass correlation coefficient (ICC), which computes the proportion of
variability explained by the presence of clusters was checked at the patient, treatment
function code (TFC) and hospital level, and as clustering was found to be minimal a logistic
regression was chosen as the final model. However, several other models were run for data
exploration. Univariable and multivariable regressions were run using Stata’s estimation
command with the vce(cluster clustvar) option to obtain a robust variance estimate that
adjusts for within-cluster correlation at the patient level (Table 4A). In addition, univariable
and multivariable logistic multilevel models (hospital spells within TFCs, and hospital spells
within hospital site) were run with both random intercepts for TFCs and hospital sites, and
with random slope for intrahospital transfers (Table 4B-D), using Stata’s melogit command.
The model for hospital site as a second-level cluster and intrahospital transfers as a random
slope did not converge. All multivariable model results were adjusted for: age, gender, time
at risk, Elixhauser comorbidities, hospital site of admission, dominant treatment function
code, intensive care unit admission, number of procedures and discharge destination.

Table 4A: Univariable and multivariable logistic regression results exploring the relationship
between intrahospital transfers and hospital-acquired infection (HAI) using cluster-robust
standard errors for clustering at the patient-level in 24,240 hospital spells corresponding to
16,018 individual patients.

Odds ratio for development of any HAI
Univariable model Multivariable model*
Intrahospital OR P value 95% Cl OR  Pvalue 95% Cl
transfers 1.08  <0.001  1.05-1.11 1.09 <0.001  1.05-1.13

*Multivariable model adjusted for: age, gender, time at risk, Elixhauser comorbidities,
hospital site of admission, dominant treatment function code, intensive care unit admission,
number of procedures and discharge destination.

Table 4B: Results of multilevel univariable and multivariable model exploring the relationship
between intrahospital transfers and hospital-acquired infection (HAI) using random intercept
for treatment function code in 24,240 hospital spells.

Odds ratio for development of any HAI

Univariable model Multivariable model*
Intrahospital OR P value 95% Cl OR P value 95% Cl
transfers 1.06  <0.001 1.02-1.09  1.09 <0.001  1.05-1.13

*Multivariable model adjusted for: age, gender, time at risk, Elixhauser comorbidities,
hospital site of admission, intensive care unit admission, number of procedures and
discharge destination.
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Table 4C: Results of multilevel univariable and multivariable logistic regression exploring the
relationship between intrahospital transfers and hospital-acquired infection (HAI) using a
random intercept for treatment function code and random slope for intrahospital transfers in
24,240 hospital spells.

Odds ratio for development of any HAI

Univariable model Multivariable model
Intrahospital OR  Pvalue 95% ClI OR P value 95% Cl
transfers 1.06  0.045  1.00-1.12  1.08 0.003 1.02-1.13

*Multivariable model adjusted for: age, gender, time at risk, Elixhauser comorbidities,
hospital site of admission, intensive care unit admission, number of procedures and
discharge destination.

Table 4D: Results of multilevel univariable and multivariable exploring the relationship
between intrahospital transfers and hospital-acquired infection (HAI) using a random
intercept for hospital site of admission in 24,240 hospital spells.

Odds ratio for development of any HAI

Univariable model Multivariable model
Intrahospital OR P value 95% CI OR Pvalue 95% Cl
transfers 1.08  <0.001  1.04-1.11 1.08  <0.001 1.04-1.12

*Multivariable model adjusted for: age, gender, time at risk, Elixhauser comorbidities,
dominant treatment function code, intensive care unit admission, number of procedures
and discharge destination.

Sensitivity analysis using time at risk prior to the collection date:

Table 5A: Univariable and multivariable model exploring the relationship between
intrahospital transfers and hospital-acquired infection (HAI) when specifying time at risk as
12 hours prior to a positive sample collection (n=24,012).

Odds ratio for development of any HAI

Univariable model Multivariable model*
Intrahospital OR P value 95% Cl OR  Pvalue 95% Cil
transfers 107  <0.001  1.04-1.11 1.07  0.001 1.03-1.11

*Multivariable model adjusted for: age, gender, time at risk, Elixhauser comorbidities,
hospital site of admission, dominant treatment function code, intensive care unit
admission, number of procedures and discharge destination.
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Table 5B: Univariable and multivariable model exploring the relationship between
intrahospital transfers and hospital-acquired infection (HAI) when specifying time at risk as
24 hours prior to sample collection date for patients (n=23,781).

Odds ratio for development of any HAI

Univariable model Multivariable model
Intrahospital OR P value 95% CI OR Pvalue 95% Cl
transfers 107  <0.001  1.04-1.11 1.07  0.002 1.02-1.11

*Multivariable model adjusted for: age, gender, time at risk, Elixhauser comorbidities,
hospital site of admission, dominant treatment function code, intensive care unit
admission, number of procedures and discharge destination.

Sensitivity analysis for surgical patient selection strategy by OPCS-4 codes.

While Office of Population Censuses and Surveys Classification of Interventions and
Procedures (OPCS-4) intervention codes capture a wide range of procedures, they do not
weigh majorly invasive procedures differently to minimally invasive procedures. They are
broadly categorised into major, intermediate, minor and non-operative procedures, but the
individual codes themselves are not classified. The national clinical coding standard does
however provide some key words associated with each of these groups. Therefore, the

” o«

OPCS-4 code descriptions were searched for the terms “Total removal”, “Replacement’,

“Transplant”, “Partial removal”, “Destruction” and “Reconstruction Repair” which are
associated with major and intermediate procedures. This returned 1,250 individual codes.
Spells which contained these codes at any point were removed from this analysis (n=1091)

resulting in a final patient sample of 29,427.

Table 6: Univariable and multivariable logistic regression analysis exploring the relationship
between intrahospital transfers and hospital-acquired infection (HAI) in medical patients
ascertained by OPCS-4 codes.

Odds ratio for development of any HAI
Univariable model Multivariable model
Intrahospital OR P value 95% Cl OR  Pvalue 95% Cl
transfers 109  <0.001  1.06-1.12 110 <0.001  1.06-1.13

*Multivariable model adjusted for: age, gender, time at risk, Elixhauser comorbidities,
hospital site of admission, dominant treatment function code, intensive care unit
admission, number of procedures and discharge destination.

Sensitivity analysis using only positive samples collected from sterile sites:

In order to address the potential for misclassification due to colonisations in all types of
pathogens, we conducted a sensitivity analysis in which we restricted cases to positive
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samples collected from a sterile site. A sterile site included any pathogens identified from a
blood or urine sample. Urine from catheters and nephrostomy bags were included, however
samples associated with all other devices were excluded. Patients with an infection identified
from any other source were assumed to be colonisations or contaminations, rather than true
pathogenic infections, and allocated to the control group. This necessarily excluded any
infections detected by targeted samples (such as CDI infections which are identified from
stool samples) from the case count, which may have resulted in some controls being
misclassified. The site of the sample collection in our data was a free text variable, giving
over 2000 unique sites. We firstly filtered for blood and urine, and then excluded any sites
that appeared to be associated with an indwelling device (e.g. blood line), or a wound/clot.
We also note that it was assumed aseptic technique was performed during the sample
collection, and a limitation of this analysis is that this cannot be confirmed. Results showed
increase in the observed OR from 1.09 (95%CI 1.05 to 1.13) in the primary analysis to 1.11
(95% CI 1.06 to 1.16) (Table 7). Although this estimate is less precise it suggests that some
cases in our main analysis are misclassified colonisations, and therefore nondifferential
misclassification of the outcome has occurred (as this misclassification does not depend on
the main exposure) resulting in a lower OR.

Table 7: Univariable and multivariable logistic regression analysis exploring the relationship
between intrahospital transfers and any hospital-acquired infection (HAI) diagnosed through
blood or urine cultures in 26,594 hospital spells.

Odds ratio for development of any HAI
Univariable model Multivariable model*
Intrahospital OR P value 95% Cl OR P value 95% Cl
transfers 113 <0.001 1.09-117 111  <0.001  1.06-1.16

*Multivariable model adjusted for: age, gender, time at risk, Elixhauser comorbidities,
hospital site of admission, dominant treatment function code, intensive care unit
admission, number of procedures and discharge destination.

Univariable Results

Table 8: Univariable logistic regression analyses exploring the relationship between
covariates and outcome of hospital acquired infection.

Odds Ratio P value 9';‘3/:"3: ;’5'?,28:
Gender
Male Reference
Female 0.98 0.64 0.91 1.06
Age
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65-70 Reference
71-75 1.15 0.04 1.01 1.32
76-80 1.21 0.004 1.06 1.37
81-85 1.17 0.02 1.03 1.33
over 86 1.26 <0.001 1.12 1.42
Attended ICU
No Reference
Yes 3.72 <0.001 3.12 4.44
Time at risk (days)
2-5 days Reference
5-7 days 1.10 0.12 0.98 1.23
7-10 days 0.93 0.25 0.82 1.05
10-15 0.99 0.85 0.87 1.12
15-20 1.05 0.52 0.90 1.24
20-30 1.21 0.02 1.03 1.42
30-40 0.97 0.83 0.75 1.26
Over 40 0.63 0.02 0.43 0.93
Elixhauser
comorbidities
0 Reference
1-3 1.61 0.003 1.18 2.20
4-6 2.37 <0.001 1.73 3.23
7-9 3.19 <0.001 2.29 4.44
10 or more 4.37 <0.001 2.38 8.02
Procedures
No procedures Reference
1 2.42 <0.001 2.12 2.77
2-8 1.15 0.003 1.05 1.26
9-13 0.94 0.45 0.79 1.11
14 or more 1.32 0.01 1.06 1.65
Hospital site of
admission
Hospital Site 1 Reference
Hospital Site 2 1.01 0.88 0.92 1.10
Hospital Site 3 1.30 <0.001 1.16 1.45
Dominant treatment
function code
Accident & Emergency Reference
Cardiology 1.93 <0.001 1.45 2.56
Clinical Haematology 4.62 <0.001 3.19 6.68
Clinical Oncology 1.94 0.02 1.09 3.44
Critical Care Medicine 2.48 0.10 0.84 7.31
Diabetic Medicine 1.04 0.96 0.24 4.44
Endocrinology 4.55 <0.001 3.35 6.17
Gastroenterology 2.34 <0.001 1.73 3.16
General Medicine 1.77 <0.001 1.37 2.30
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Genitourinary Medicine 6.27 <0.001 2.53 15.53
Geriatric Medicine 2.50 <0.001 1.92 3.26
Hepatology 3.43 <0.001 2.29 5.14
Infectious Diseases 1.76 0.21 0.73 4.23
Medical Oncology 1.65 0.003 1.18 2.30
Nephrology 3.63 <0.001 2.73 4.83
Neurology 4.01 <0.001 2.66 6.03
Rehabilitation 2.39 <0.001 1.68 3.41
Respiratory Medicine 2.53 <0.001 1.92 3.33
Rheumatology 4.24 0.01 1.54 11.71
Stroke Medicine 1.55 <0.001 1.16 2.08
Discharge destination
Home residence Reference
Temporary residence 1.29 0.14 0.92 1.83
Patient died in hospital 2.45 <0.001 217 277
NHS Nursing home or
Local Authority
accommodation 2.22 <0.001 1.82 2.72
Non-NHS run care home
or hospice 3.10 <0.001 2.49 3.85
Psychiatric unit 0.83 0.81 0.20 3.56
Other NHS hospital
provider 1.50 <0.001 1.25 1.79
Private hospital 1.75 0.07 0.96 3.18
Ethnic code
description
African Reference
Any other Asian
background 0.94 0.73 0.68 1.31
Any other Black
background 0.76 0.22 0.49 1.17
Any other White
background 0.89 0.44 0.67 1.19
Any other ethnic group 0.92 0.54 0.69 1.21
Any other mixed
background 0.71 0.35 0.36 1.44
Bangladeshi 0.91 0.74 0.51 1.62
British 0.99 0.96 0.77 1.29
Caribbean 0.98 0.89 0.72 1.32
Chinese 0.70 0.32 0.35 1.41
Indian 1.29 0.10 0.95 1.75
Irish 1.02 0.89 0.76 1.38
Not known 1.06 0.80 0.69 1.62
Not stated 0.83 0.20 0.62 1.10
Pakistani 0.97 0.90 0.61 1.55
White and Asian 0.36 0.16 0.08 1.51
White and Black African Empty
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White and Black

Caribbean 1.21 0.59 0.61 2.41
Weekend admission

Weekday admission Reference

Weekend admission 0.95 0.32 0.87 1.04
Readmission within 30

days*

No Reference

Yes 1.10 0.118 0.98 1.24

*in spells meeting the study eligibility criteria

Multivariable results:

Table 9: Full multivariable logistic regression analysis exploring the relationship between
independent variables and outcome of hospital acquired infection. Multivariable model
results were adjusted for: age, gender, time at risk, Elixhauser comorbidities, hospital of
admission, dominant treatment function code (TFC), admission to intensive care unit (ICU),
number of procedures and discharge destination.

Odds Ratio P value ;Jsezg: 9"500/‘:'2:
Intrahospital transfers 1.09 <0.001 1.05 1.13
Gender
Male Reference
Female 1.01 0.73 0.93 1.10
Age
65-70 Reference
71-75 1.19 0.01 1.04 1.37
76-80 1.27 0.001 1.11 1.45
81-85 1.29 <0.001 1.12 1.48
Over 86 1.41 <0.001 1.23 1.61
Attended ICU
No Reference
Yes 3.56 <0.001 2.91 4.35
Time at risk (days)
2-5 Reference
5-7 0.87 0.02 0.77 0.98
7-10 0.65 <0.001 0.57 0.74
10-15 0.61 <0.001 0.53 0.70
15-20 0.56 <0.001 0.47 0.67
20-30 0.56 <0.001 0.47 0.68
30-40 0.41 <0.001 0.31 0.55
Over 40 0.22 <0.001 0.14 0.33
Elixhauser
comorbidities
0 Reference
1-3 1.55 0.01 1.13 213
4-6 2.15 <0.001 1.56 2.96
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7-9 2.81 <0.001 2.00 3.94
10 or more 2.80 0.002 1.47 5.35
Procedures
No procedures Reference
1 2.27 <0.001 1.98 2.61
2-8 1.10 0.05 1.00 1.22
9-13 0.83 0.05 0.69 1.00
14 or more 0.99 0.92 0.77 1.27
Hospital site
Hospital Site 1 Reference
Hospital Site 2 1.06 0.31 0.95 1.17
Hospital Site 3 1.36 0.01 1.07 1.74
Dominant TFC
Accident and Emergency Reference
Cardiology 1.09 0.64 0.75 1.59
Clinical Haematology 4.07 <0.001 2.60 6.35
Clinical Oncology 2.02 0.02 1.12 3.65
Critical Care Medicine 0.77 0.65 0.25 2.37
Diabetic Medicine 1.08 0.92 0.25 4.71
Endocrinology 4.53 <0.001 3.30 6.22
Gastroenterology 2.26 <0.001 1.65 3.10
General Medicine 1.46 0.01 1.12 1.90
Genitourinary Medicine 7.58 <0.001 3.00 19.18
Geriatric Medicine 2.39 <0.001 1.82 3.15
Hepatology 3.50 <0.001 2.30 5.32
Infectious Diseases 1.34 0.53 0.54 3.29
Medical Oncology 1.55 0.01 1.10 2.20
Nephrology 2.96 <0.001 2.03 4.32
Neurology 3.84 <0.001 2.49 5.93
Rehabilitation 2.53 <0.001 1.74 3.67
Respiratory Medicine 2.40 <0.001 1.81 3.19
Rheumatology 3.56 0.02 1.23 10.34
Stroke Medicine 1.29 0.11 0.95 1.76
Discharge location
Home residence Reference
Temporary residence 1.42 0.05 1.00 2.02
Patient died in hospital 2.09 <0.001 1.83 2138
NHS Nursing home or
Local Authority
accommodation 2.89 <0.001 2.33 3.58
Non-NHS run care home
or hospice 3.73 <0.001 2.96 4.69
Psychiatric unit 1.09 0.90 0.25 4.75
Other NHS hospital 1.88  <0.001 1.53 2.31
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provider
Private hospital 2.15 0.02 1.15 4.01

Exploratory covariate for periods of higher admissions:

Seasonal effects which correlate with higher numbers of hospital-acquired infections (HAISs)
would ideally have been explored as a covariate, but we were unable account for
seasonality in order to respect the terms set by the Data Protection Office, which stipulated
that dates of patient admission remain de-identified.

An exploratory analysis was conducted in which admission dates covering the 36-months of
admissions were allotted into four quarters of consecutive three-month intervals for each
year, creating a categorical variable. We produced three such variables, the first of which
began from Day 0 in the data, the second from day 30 and the third day 60, in order to
account for the possibility that the data collection began mid-quarter. We then chose the
variable with the largest difference in admissions between the smallest and largest quarter,
which therefore best discriminated between 3-month intervals with higher and lower number
of admissions (Table 10A). As influxes in admissions of any kind, not only the patients in our
final cohort, would have contributed to resource strain we used everyone available in the
dataset for this analysis (with the exclusion of some erroneous spells and those that
belonged to the specialist hospitals).

Table 10A: Number of hospital admissions by quarters of 12 months (n = 531,491). While
admissions remain relatively constant, an increase in admissions is observed in Q3 and Q4.

Frequency Percentage Cumulative
Q1 129114 24.29 24.29
Q2 131234 24.69 48.98
Q3 134672 25.34 74.32
Q4 136471 25.68 100

This variable was found to be a significant predictor of HAl development, but it did not
impact the association between intrahospital transfers and HAI development (Table 10B).

Table 10B: Univariable and multivariable logistic regression analysis exploring the
relationship between intrahospital transfers and hospital-acquired infections (HAI) in 24,240
hospital spells. The admissions flag category with least cases was used as the reference.

Odds ratio for development of any HAI

Univariable model

Multivariable model*

Intrahospital OR Pvalue 95% ClI OR Pvalue 95% Cl
transfers

1.08 <0.001 1.05-1.12 1.09 <0.001 1.05-1.13
Admission flag
Qi 1.82 <0.001 1.62-2.04 1.93 <0.001 1.72-2.17
Q2 1.22 <0.001 1.08-1.38 1.28 <0.001 1.12-1.45
Q3 reference
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Q4 1.62 <0.001 1.44-1.82 1.66 <0.001 1.47-1.87

*In addition to the admissions flag, multivariable was adjusted for: age, gender, time at risk,
Elixhauser comorbidities, hospital site of admission, dominant treatment function code, intensive
care unit admission, number of procedures and discharge destination.
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