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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 
hours under 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 5A,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% CIs 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).

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 T1 to T5, 
due to the resolution of time stamps available in the data, only those from T1 to T6 were available. The procedure number in such episodes was interpolated 
between T1 to T5.
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RESULTS
Patient and hospital characteristics
A total of 24 240 hospital spells were included in 
the analysis, pertaining to 16 018 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 

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 χ2 tests for significance (see 
online supplemental material for full table)

Characteristic

All spells (n=24 240) Controls (n=21 363) Cases (n=2877)

P valuen % n % n %

Gender
  Male 12 032 49.64 10 592 49.58 1440 50.05 0.635
  Female 12 208 50.36 10 771 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 23 642 97.53 20 958 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 12 265 50.6 11 061 51.78 1204 41.85
  4–6 9516 39.26 8204 38.4 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 11 917 49.16 10 531 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 12 348 50.94 10 940 51.21 1408 48.94
  3 4188 17.28 3592 16.81 596 20.72

ICU, intensive care unit; IQR, Interquartile range .
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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 

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 

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 2.33

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.

 on D
ecem

ber 7, 2024 by guest. P
rotected by copyright.

http://qualitysafety.bm
j.com

/
B

M
J Q

ual S
af: first published as 10.1136/bm

jqs-2020-012124 on 25 January 2021. D
ow

nloaded from
 

https://dx.doi.org/10.1136/bmjqs-2020-012124
https://dx.doi.org/10.1136/bmjqs-2020-012124
http://qualitysafety.bmj.com/


463Boncea EE, et al. BMJ Qual Saf 2021;30:457–466. doi:10.1136/bmjqs-2020-012124

Original research

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.15 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.19 21 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.36 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.16 37–39As 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.40 Transferred 
patients therefore experience extended interactions 
with hospital staff, which is known to promote infec-
tion spread.18 41 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.40 42 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.43 
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.44 45 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 

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% CI OR P value 95% CI

Intrahospital transfers 1.08 <0.001 1.05 to 1.11 1.09 <0.001 1.05 to 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.
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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.46–48 
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%,31 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).49 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.50 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.51 52 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,8 
and necessarily experience an increase in intrahospital 
transfers.53 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-19.54

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 HAI. 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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