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ABSTRACT

Background: Approximately 9% of patients in hospital have a hospital
acquired infection (HAI). These infections place a burden on the health sector,
patients and carers.

Objectives: To assess the incidence of, and independent risk factors for HAls
occurring in adult surgical patients; to assess the impact of these infections on
the hospital sector; and to show how this information may be used to assess
the potential benefits of prevention.

Design: A prospective survey of the incidence of HAl was conducted.
Resources used by both infected and uninfected patients were recorded and
costed. Generalised linear modelling techniques were used to estimate the
impact of HAI on the observed variation in costs. Logistic regression analysis
was used to determine independent risk factors for HAI.

Setting: A district general hospital in England

Subjects: 2469 adult patients admitted to five surgical specialties between
April 1994 and May 1995.

Results: 7.5% (95% CI: 6.4, 8.6) acquired one or more HAls that presented
during the in-patient period. The incidence, economic impact and independent
risk factors varied with site of infection. On average HAls increased hospital
costs by a factor of 2.3 (95% CI: 2.0, 3.0), equivalent to an additional £2,254
(95% ClI: £1,738, £2,770) per case and increased length of stay by a factor of
2.1 (95% CI: 1.8, 2.5), equivalent to an extra 7.8 days (95% Cl: 5.7, 10.0) per
case. The estimates represent the average gross benefits of prevention. Net
benefits depend on the cost and effectiveness of prevention activities.
Estimates of the gross benefits of a 15% reduction in infection rates and a
framework for assessing the net benefits of prevention are presented.



Conclusion: The study provides an estimate of HAl by specialty and site for
surgical patients. It calculates the burden on the hospital sector and shows the
benefits that might accrue if HAI rates were reduced.
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CHAPTER 1
INTRODUCTION

11 Introduction ,

Hospital acquired infections (HAIl) are infections that are acquired during a
patient’s hospital stay. They are not a new problem; however, in recent years
there has perhaps been greater awareness of the scale of the problem and the
health and economic consequences that result from HAI.

In the UK, the issue of HAl has been the subject of a number of research
studies conducted over the past few years, including the research on which this
thesis is based.!-3

In 1992 the Department of Health commissioned the Public Health Laboratory
Service to conduct an audit of infection rates, and infection control polices and
practices in 19 hospitals in England and Wales, the results of which were
published in 1997.! The audit drew attention to the problem of HAIl, and
highlighted considerable variation in infection rates occurring in similar patients
treated in similar settings, and variations in infection control policies and
practices.

At the same time the Department of Health commissioned the Public Health
Laboratory Service and the London School of Hygiene and Tropical Medicine to
conduct a study of the socio-economic burden of HAI. The results of this work
were published in January 2000 and are reported in some detail in Chapter 4 of
this thesis. The research drew attention to the substantial burden these
infections place on scarce health sector resources and on patients and their
carers.?
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This work was used a little later in 1998 by the National Audit Office in their
study of HAl. The study examined a number of issues including the scale of the
problem, the rise of antibiotic resistance, the level of resources allocated to
infection control within NHS Trusts in England, the resources available to
infection control teams, and the potential benefits of investment in infection
control practices. The results were published in February 2000.2 The results
were important in that they again served to highlight the very real problem of
infection in hospitals, and the apparent lack of resources available to infection
control teams to deal with the problem. The report was presented to the
Parliamentary Select Committee of Public Accounts and the subject of a
hearing in March 2000, following which a report was issued.# This served to
further raise the profile of the problem of HAI, bringing it to the attention of the
government, policy makers, health care professionals and the general public. In
response the Department of Health has introduced a number of policy initiatives
aimed at strengthening infection prevention and control activities within the
NHS.5

1.2 The scale of the problem

Prevalence studies conducted in England and Wales in 19808 and again in
1993/947 found that at any one time an estimated 9% of hospital in-patients had
an infection that they had acquired after admission. At the same time, it is likely
that many more patients discharged from hospital had an infection related to a
recent hospital admission. More recently the study of the socio-economic
burden of HAI estimated that at least 321,000 patients admitted to NHS
hospitals in England acquired one or more HAls in 1994/5.8 This estimate is
based on the incidence of HAI observed in the study and relates to the number
of infections occurring in adult non-day case patients admitted to the medical
and surgical specialties covered in the study at NHS hospitals in England (an
estimated 70% of adult non-day case admissions), and is further limited to
infections which present during the in-patient period. Thus the actual number of
patients acquiring one or more HAls is likely to be considerably higher.
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1.3  The impact of HAI on the individual

The acquisition of an infection in hospital may have health and financial
consequences for affected patients. The impact on health status and recovery
will vary considerably from one patient to another depending on the type of
infection acquired, the underlying health status of the patient, the effectiveness
of treatment given and how these various factors interact. For example, in
some cases the impact may be limited to minor discomfort, but in other cases
the acquisition of an infection may prolong recovery, cause temporary or
permanent disability and may directly cause or substantially contribute to a
patient's death. An estimated 5000 deaths every year are thought to be directly
caused by an infection acquired in hospital, and HAls are thought to contribute
to a further 15,000 deaths.®

In terms of the economic consequences for the individual, acquiring an infection
in hospital may result in an increase in out of pocket expenditure on health
related items, and a reduction in income due to a delayed return to employment
or in some cases the failure to return to employment. Few studies have
estimated the magnitude of these costs. Some notable exceptions include a
study by Farbry et al (1982)10 that indicated surgical wound infections (SWis)
delayed return to work, and the study on which this thesis is based which
assessed the impact HAIs had on both patients and their carers. 2

1.4 The impact on the health sector

The acquisition of an infection in hospital may result in the additional use of
hospital and primary health care resources. Additional hospital costs may result
from an increased need for investigations and procedures, increased
dispensary demands, additional nursing and medical care and a prolonged in-
patient stay. Following discharge, patients who have acquired an infection in
hospital may require a greater number of hospital appointments, and/or
appointments with primary health professionals, including general practitioners,
practice nurses and district nurses, than they would have required in the
absence of an infection.
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A number of studies have assessed the economic burden HAls place on the
health sector. These studies vary in scope. The majority concentrate on the
cost to the hospital sector resulting from increased in-patient care, and relatively
few look at costs to the health sector post-discharge. The types of infections
included vary, some focussing on all types of HAIl occurring in selected patient
grou;{s, while others focus on a specific type of infection. The methods used to
identify, measure and value resources used and attribute them to HAIs also
vary, as do the estimates derived. However, despite variations in scope and the
methods employed all point to the substantial burden these infections place on
health sector resources. The socio-economic burden of HAI study estimated
that HAIs cost the health sector in England at least £1 billion in 1994/5.2

1.5 Why patients acquire an infection

Infection occurs as a result of complex interactions between potential
pathogens (bacteria, virus, fungus or protozoan) and the host, in this case the
patient. Within the hospital environment patients are at particular risk of
infections. Patients whose primary iliness compromises their immune system,
such as AIDS and various forms of haematological malignancy, are particularly
susceptible, as are the young and the elderly. Treatment regimens, such as
chemotherapy, will also render a patient susceptible to infection and invasive
procedures including operative procedures, and the insertion of intravenous and
intra-arterial catheters, urinary catheters and endo-tracheal tubes offer direct
access for micro-organisms. In addition the patients normal flora is frequently
replaced with hospital flora that is often resistant to antibiotics and so may set
up a potential source of infection.

1.6 The scope for prevention

Whilst not all HAls are preventable the evidence indicates that a proportion of
infections can be prevented through improvements in infection prevention and
control activities. The early results from the National Nosocomial Infection
Surveillance Scheme provided strong evidence that this is the case. Infection
rates occurring in patients who had specific surgical procedures were found to
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vary markedly from one hospital to another and the observed variation in rates
continued to be present after adjustment for case mix differences had been
made.5 These results suggest that the variation observed to some extent
reflected differences in clinical practice and serve to highlight the potential for a
reduction in infection rates.

Quantifying the level of infections that can be prevented is difficult: it is difficult
to quantify an event that does not occur. The most frequently quoted estimate,
taken from the results of a comprehensive study conducted in the US (the Study
of the Efficacy of Nosocomial Infection Control - SENIC), suggests that 30% of
HAls could be prevented.!! However, caution should be exercised before
applying this estimate to infections occurring in the UK. The estimate was
derived from a study conducted over 20 years ago in the US. Since that time
there have been many changes in the treatments and care options offered, and
the case mix of patients treated. As such there may be important differences in
the risk profile of patients treated today, compared to that of over 20 years ago.
Nevertheless the results demonstrated that there is scope for a reduction in
rates.

The results of a National Audit Office survey of NHS hospitals in England,
documented in their report ‘The Management and Control of Hospital Acquired
Infections in Acute NHS Trusts in England’ published in 2000, further highlight
the fact that there is scope for a reduction in infection rates.3 As part of their
survey, infection control teams (ICTs) were asked what proportion of infections
they believed could be prevented. The responses ranged from 5% to 40%.
The responses were subsequently weighted by the number of beds in the
responders’ hospitals and a ‘bed weighted' average of 15% derived. Whilst this
is somewhat less than the US estimate, it does serve to highlight the belief that
prevention is to some extent possible, whilst the exact proportion that is
preventable remains unknown.
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1.7 The potential benefits of improved prevention

Quantifying the benefits of prevention is difficult. Difficulties are associated with
both identifying and valuing infections averted. It is difficult to measure the
benefits of an event that did not take place. However, estimates derived from
the results of the socio-economic study suggest that the benefits of prevention
are likely to be substantial.2 This point was highlighted recently in the NAO
report, which estimated that if a 15% reduction in rates could be achieved this
could lead to the release of health sector resources valued at £150 million per
annum.? It should be stressed that this estimate reflects the value of resources,
which might be released for alternative use. It does not represent potential
cash savings. However, given that the NHS is working above capacity in most
sectors HAls have an opportunity cost. The estimates represent the gross
benefits of prevention. Net benefits will depend on the cost of interventions
introduced to achieve such a reduction.

1.8 The rationale for this thesis and the anticipated contribution it
will make
At the time of undertaking this thesis relatively little was known about the cost of
HAls to the health sector in England. It was clear from the results of the 1980
National prevalence study that HAls affected a large number of patients every
year. 9.2% of patients at any one time were found to be affected in 1980.
However, data on the magnitude of the economic burden these infections
imposed on the health sector, and indeed on patients and carers were lacking.
Data from a number of international studies, and in particular the results of work
stemming from the SENIC study conducted in the US indicated that HAls were
likely to be placing a substantial burden on limited NHS resources and on
patients and carers. Estimates suggested that HAI cost the health sector in the
US at least $4 billion per annum in 1985.12 Whilst studies had been conducted
in the UK,'3 14 these were either relatively small, or rather specific in nature
relating to particular patient groups, and were undertaken some years ago. A
more comprehensive estimate of the magnitude of the burden of HAIl was
needed. The only national estimates available at the time were an estimate
derived by the Department of Health which, based on a number of broad

40



assumptions, estimated that HAls cost the health sector £111 million per
annum,'S and an estimate derived by Coello et al'* which indicated that HAls
occurring in surgical patients cost the health sector in England an estimated
£170 million in 1993.

It was against this background, and in the knowledge that a proportion of HAls
were preventable, that the Department of Health in October 1992 commissioned
a study of the socio-economic burden of HAl. This thesis is based on this
study. The socio-economic burden study aimed to provide a comprehensive
assessment of the costs resulting from HAIls occurring in adult, non-day case
patients admitted to specialties that are common to most hospitals. This was to
include costs to the health sector as a result of additional in-patient care, costs
to the health sector arising post-discharge and costs to patients and carers. It
was anticipated that the results would raise awareness of the magnitude of the
burden of HAls, and the potential gross savings that might result from improved
prevention and control. Through this process it was hoped that a greater
understanding of the economic burden resulting from these infections would be
gained, and that the information generated would assist in policy formation and
inform clinical practice in relation to infection prevention and control. Further
details about this study are presented in Chapter 4.

This thesis is closely linked with the socio-economic burden of HAI study. It
focuses on a sub-section of data relating to adult non-day case surgical
patients. The thesis assesses the incidence and economic impact that HAIs
that present during the patient’s hospital stay have on the hospital sector as a
result of additional in-patient care. It also explores possible risk factors for
these infections and considers how the information derived may be used to
demonstrate the potential benefits of investment in prevention and inform
prevention strategies.
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Surgical patients were selected as the population of interest as it was felt that it
would be interesting and beneficial to explore in greater detail the incidence and
impact of HAls occurring in this patient group. The underlying study assessed
the incidence and economic burden of HAls occurring in patients admitted to
selected medical and surgical specialties taken together, and also the incidence
and burden of infections occurring in patients admitted to each medical and
surgical specialty. No attempt was made to assess the incidence and economic
burden of HAls occurring in patients admitted to surgical specialties taken
together. A further reason for selecting surgical patients was an interest in
exploring risk factors for infections in this patient group.

As indicated above this thesis focuses on the incidence of HAls presenting
during the in-patient period and the economic impact that HAls had on the
hospital sector as a result of additional in-patient care. The decision to focus on
infections that presented during the in-patient period, and their impact on the
hospital sector was informed by the results and inherent limitations of the earlier
study.

Estimates of the incidence of infections presenting post-discharge, derived in
the earlier study, were based on the responses given to specific questions
within a detailed questionnaire sent to a proportion (approximately one third) of
patients one month post-discharge. The estimates derived indicated that a
proportion of patients experienced symptoms suggestive of a surgical wound,
urinary and/or respiratory tract infection. However, it was not possible to say
whether the symptoms reported represented actual infections, or whether the
infection, if present, was hospital acquired. Furthermore, since only a small
proportion of patients were followed up there was considerable uncertainty
surrounding some of the estimates derived and it was clear that there were
insufficient data available to allow for further analysis limited to a subset of data
relating to surgical patients from which estimates could be derived with a
degree of certainty.
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Similarly, whilst the underlying study’'s estimates of the impact HAlIs had on
hospital costs as a result of additional in-patient care were based on data on the
hospital costs incurred by all study participants, estimates of the costs falling on
the primary health care sector, patients and carers were only derived for a
proportion of patients. The results of the analysis of the impact HAls had on
these other areas of costs clearly showed that HAls imposed a burden on the
primary sector, patients and carers. However, as with the estimates of the
incidence of HAI presenting post-discharge, there was considerable uncertainty
surrounding some of the estimates derived and it was again clear from the
results derived that there were insufficient data available to allow for further
analysis limited to surgical patients from which estimates could be derived with
a degree of certainty.

Similar reasons informed the decision not to examine the impact HAls occurring
in surgical patients had on health status. The underlying study’s assessment of
the impact HAls had on health status was based on an analysis of responses
given to the SF-36, included as part of the questionnaire, administered to a
proportion of patients post-discharge. The results of this analysis indicated that
HAls had a negative impact on health status as measured by this instrument.
However, again there was uncertainty surrounding the estimates derived and it
was clear that there were insufficient data available to justify further analysis
limited to a subset of data relating to surgical patients from which robust
estimates could be derived.

The thesis aims to add to the findings of the socio-economic burden study by
providing a more detailed account of the incidence of HAls occurring in this
patient group than presented in the underlying study report and, through the use
of slightly different methodology, explore the economic burden these infections
place on the hospital sector in more detail. It is hoped that this piece of work
will further contribute to our understanding of the economic burden these
infections impose, how costs can be attributed to infection and possible risk
factors for infection. The thesis will subsequently show how information on the
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economic burden imposed by these infections might be used to demonstrate
the benefits of investment in infection prevention and control and how
information on costs and possible risk factors can be combined and used to
inform policy and practice.

1.9 My role in the socio-economic burden study

In September 1993 | was appointed project leader for the socic-economic
burden of HAI study. As project leader | was responsible for the day to day
“management of the project, developing and implementing the outline protocol,
and writing up and disseminating the results of the study. During the course of
the study my role included a wide range of activities summarised below.

1.9.1 Literature review

On appointment | conducted a review of the literature on the epidemiology and
economic burden of HAI. This review was updated at regular intervals
throughout the course of the study.

1.9.2 Establishing links with staff at the study hospital

At an early stage | established links with staff at the study hospital including the
chief executive, director of clinical practice, director of nursing practice, clinical
directors, business managers, senior nurse managers, nursing staff on each of
the study wards, consultants and their medical teams, laboratory staff, members
of the infection control team and infection control committee, general
practitioners, primary health care managers, district nurse patch managers and
staff from the medical records, medical coding, finance and information
technology departments. This involved writing to selected individuals, setting
up a meeting and subsequently meeting with staff to discuss the aims and
objectives of the study and the methods to be employed. The majority of these
meetings were on a one to one basis. However, when both appropriate and
possible, group meetings and seminars were held. This latter approach was
particularly useful when informing ward staff of the project.
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1.9.3 .Further development and implementation of the study protocol
As project leader | was responsible for the further development and
implementation of the study protocol. This included the development of patient
and relative information sheets, consent forms, procedures for recruiting
patients into the study, and appropriate data collection methods. The latter
included the development of data collection sheets and patient questionnaires.
This was done in consultation with members of the steering and advisory
groups, other researchers and where appropriate members of the study hospital
staff. Procedures for recruitment and data collection were written up and
circulated to steering group and advisory group members for comment and
subsequent approval, together with patient and relative information sheets and
consent forms and all other data collection forms.

1.9.4 Selection and implementation of an appropriate data entry
system
it was clear from the outset that the data requirements of this study were
considerable. As project leader | was responsible for investigating the various
data entry systems available and presenting the options to the steering
committee, together with recommendations as to which would be most
appropriate and why. A variety of systems were explored including paper
questionnaires, and subsequent data entry either by project staff or a data entry
company; the use of hand held computers; and the use of scanning software
developed by Formic Ltd. After a thorough investigation of a number of options,
the latter system was selected and purchased. | was subsequently responsible
for setting up the scanning data entry system. This involved creating
questionnaires and data collection surveys with the scanning software, setting
up each individual question within the questionnaire ready for scanning and
subsequently testing the scanning process. Testing involved checking that the
forms were being read correctly and that the process was reliable. This proved
to be a very time consuming process. There were a number of problems with
the early versions of the software that had to be corrected by the software
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manufacturer. This process led to delays in the development of the data
collection forms and used a considerable amount of my time.

1.9.5 Obtaining the approval of the relevant ethical committees prior
to the pilot study

As project leader | was responsible for submitting all relevant documentation to

the ethical committee at the study hospital for their consideration, and

subsequently responding to any queries that they had.

1.9.6 Conducting a pilot study and revising the methods in response
to the findings of the pilot study

As project leader | was responsible for piloting the proposed methods. A small
pilot study was conducted. This identified a number of problems with the draft
data collection sheets and the proposed methods. A report was drafted and
presented to the steering committee together with recommendations for
changes and revisions to the data collection methods and data collection tools.
Changes were agreed and subsequently made to the relevant forms and
procedures. A report summarising the outcome of the pilot study, was
subsequently presented to the Advisory Committee.

1.9.7 Re-submitting the study protocol and data collection forms for
ethical approval prior to the main study

Following the pilot study the protocol and data collection forms had to be re-

submitted to the study hospital ethical review committee for their consideration

prior to the main study. As project leader | was responsible for this process and

for responding to any subsequent queries that they had.

1.9.8 Recruiting and training six research assistants

As project leader | was responsible for the recruitment and training of six
research assistants. Five research assistants were appointed in January 1994
and a further research assistant was appointed in June 1994 when more
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funding became available from the Department of Health. All six research

assistants were qualified nurses.

It was my responsibility to ensure that the research assistants received
adequate training prior to the main data collection period, and further training as
and when required. This was achieved through a training programme
developed and administered prior to the main data collection period, and
additional training given as necessary. A copy of the training programme can
be found in Appendix 1. In addition, a seminar course was developed for the
research assistants (see Appendix 1). Seminars were held on alternate weeks
throughout their period of employment and covered topics such as the
economics of HAl, the epidemiology of HAI, study design, basic statistical
methods and health policy. Lecturers included myself, other members of the
project team and steering committee and external speakers.

1.9.9 Managing the main data collection and entry period

As project leader | was responsible for managing the data collection and data
entry process. A variety of techniques were adopted to assist in this process.
As discussed above protocols setting out the data collection and entry
processes were developed and agreed by the steering committee. The
research assistants received training in all aspects of the study. A document
outlining the standards to be applied during the data collection period was
drafted and approved by the steering committee (see Appendix 2). Each
research assistant received a copy of this document which they were
subsequently asked to read, discuss and sign. At the outset the research
assistants received close supervision. As the project progressed input by
myself was reduced. However, the research assistants were free to contact me
at any time should they have a query, and | ensured that | met with the research
assistants at least once a week at a team meeting.
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1.9.10  Appointing a secretary

At the outset the funding available did not allow for the appointment of
secretarial support to assist me as project leader, and the other members of the
project team. As such, with the exception of some help with a couple of mail
merges, all secretarial and administrative work was undertaken by myself. It
was clear that some support was needed, and a document outlining the need
for additional funds to cover the cost of secretarial support was submitted to the
Department of Health. The Department agreed to make available additional
funding for administrative support and a secretary was appointed in April 1994.
Further support was subsequently employed on an ad hoc basis.

1.9.11 Liaising closely with the research economist and assisting in

the development of unit costs for resources used
The project team included a research economist who was primarily responsible
for costing resources used by infected and uninfected patients. As project
leader, | was a member of the interview panel for the appointment of the
research economist. | subsequently worked closely with the economist on all
aspects of his work, and assisted in the development and implementation of
methods used to cost various resources. For example, | worked closely with
the economist to develop unit costs for drugs administered, and procedures
performed and | was solely responsible for developing costs for nursing care
administered to patients based on the amount of care patients received during
the course of their hospital stay.

1.9.12  Liaising closely with the project statisticians

Whilst data analysis was primarily the responsibility of two statisticians, | worked
closely with both throughout the study. My role involved assisting in the
development of an appropriate strategy for data cleaning, actively engaging in
the data cleaning process, and assisting in the development and
implementation of an appropriate approach to the analysis of data. As the
analysis was undertaken | reviewed and commented on all results, made
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suggestions as to how the analysis could be modified, and contributed to the in-
depth discussion of the results that followed.

1.9.13 Ensuring that the work is completed within an appropriate time
frame

At an early stage it was apparent that, given the scope of the project, it would
not be feasible to complete the study within the two years funding available. As
such | was responsible for drafting a report requesting an extension to the time
frame and additional funding from the Department of Health. The report was
well received and an extended time frame together with additional funding was
successfully obtained from the Department of Health.

1.9.14  Writing the final report and submitting it to the Department of
Health

The final report consisted of four documents: parts | and Il, separate
appendices, and two stand alone executive summaries that varied in length.2
Part | included background information, details of the methods used, the results
of the study, a discussion of the results, conclusions drawn and
recommendations made. Part Il included detailed information about the
methods used to derive unit costs for resources used. As project leader | was
responsible for drafting Part | and the two executive summaries. The research
economist primarily drafted part Il and the appendices were the responsibility of
both the research economist and myself. A copy of the executive summary can
be found at the back of this thesis.

Over the course of the project chapters were drafted and circulated to the
project Steering Committee for comment and subsequent approval. Drafts were
also submitted to the Advisory Committee for comment, and later the
Department of Health. A final draft which had been approved by the project
Steering Committee was submitted to the Department of Heaith in August 1997,
and distributed for internal and external review. A full set of reviewers
comments was received in November 1997. Informal discussion followed and
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a formal response submitted to the Department in February 1998 following
which there was a further period of discussion and debate. Further editing work
and additional analysis was then undertaken. Amendments to the original text,
together with the results of the additional analysis requested were submitted to
the Department of Health in September 1998 and the report was released for
publication in September 1999 and subsequently published in January 2000.

1.9.15 Preparation of the report for publication

The decision was taken that the full report should be published and made
available to a wide audience. As such it was agreed that the input of an editor
and publication team should be sought. | was subsequently responsible for
working with an editor and the Public Health Laboratory production team to
produce an edited version of the report.

1.9.16 Liaising with the Department of Health

Throughout the duration of the study | was responsible for liaising with the
Department of Health and keeping them informed of any new developments
and overall progress. This was done through telephone discussions, letters,
reports and presentations made at the advisory committee meetings held
regularly over the course of the project.

1.9.17 Liaising with the National Audit Office in relation to their work
on HAl

Whilst the cost study was in progress the National Audit Office embarked on a
study of HAIl. As part of their initial work they approached myself, Jenny
Roberts and Nick Graves to discuss the aims and objectives of the cost study.
In several subsequent meetings we discussed the questionnaire they were
planning to use, advised on a number of issues, updated the NAO about the
progress with our study and endeavoured to ensure that any information
relating to the cost study was presented appropriately in the NAO report ~ ‘The
management of HAIl in acute NHS Trusts in England.”

50



1.9.18 Dissemination of the findings

The final report was launched on February 17™ 2000. | was actively involved in
this process, working closely with the press officers from the three institutions
involved in the research and the Department of Health. | assisted in drafting the
press releases and the organisation of the press briefing. As mentioned above
the report received considerable media attention, including wide coverage in all
the major newspapers. Following the launch | gave a number of interviews for
both national and local television and radio stations. The report was
subsequently sent to all consultant microbiologists, infection control teams and
public health physicians. | was responsible for drafting the covering letter and
overseeing this process.

The main results were also reported in a paper published in the Journal of
Hospital Infection.® | was responsible for drafting this paper, circulating it to the
authors for comment and subsequently revising it as necessary and submitting
it to the relevant journals.

During the course of the study and since the report’s publication | have made a
number of presentations to conferences and seminars. Appendix 3 provides
details of presentations made over the course of the study.

1.10 My role in this thesis

The preceding section has outlined the key activities undertaken by myself as
project leader for the socio-economic burden of HAI study. All the activities
listed are directly relevant to this thesis. Additional activities undertaken for the
purposes of this thesis include, a more detailed literature review, further
cleaning of the data set, further data analysis and the development of an
economic model to asses the costs and benefits of investment in prevention.
These activities were all undertaken by myself.
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1.1 Aims and objectives of this thesis

1.11.1 Aim

To assess the incidence of, and independent risk factors for HAls occurring in
surgical patients admitted to a district general hospital and the impact these
infections have on the secondary health care sector, and to examine how the
information obtained may be used to assess the potential benefits of investment
in the prevention and control of HAls.

1.11.2  Objectives
The specific objectives were to:

1. Review the literature on the epidemiology of HAI, risk factors for HAI, and
the economic evaluation of HAI.

2. Determine the incidence of HAIs occurring in adult, non-day case
patients admitted to selected surgical specialties of a district general
hospital.

3. Explore how the incidence of HAIl varies with selected patient
characteristics and identify possible risk factors.

4, Determine the impact HAIls occurring in this patient group have on
secondary health care sector resource use and costs.

5. Examine how information on the economic burden of HAls may be used

to assess the potential benefits of investment in the prevention and
control of HAls.
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1.12 The structure of the thesis

The thesis begins with a review of the literature. The literature on the
epidemiology of HAI is reviewed in Chapter 2. The chapter covers four broad
areas: the frequency and distribution of HAI; the mortality risk associated with
acquiring an infection in hospital and the number of patients estimated to die
from HAls per year; the aetiology of HAIl and specific risk factors for infection,
and the problem of antibiotic resistance.

The literature on the economic evaluation of HAl is reviewed and discussed in
Chapter 3. The chapter includes a discussion of the methodological issues
associated with the economic evaluation of HAI, followed by a review of studies
that have estimated the burden of HAI and those studies that have assessed
the benefits of prevention.

An overview of the study that examined the socio-economic burden of HAl on
which this thesis is based is subsequently presented in Chapter 4, and the
methods which are specifically related to this thesis are presented in Chapter 5.

The results of this work are presented in Chapters 6, 7, 8 and 9. Chapter 6
provides an overview of the sample characteristics. Chapter 7 presents the
results of the analysis that examined the incidence of HAI and specific risk
factors for infection. Chapter 8 presents the results of the economic analysis
which examined the impact of HAI on hospital costs and Chapter 9 the resuits
of the analysis that assessed the impact of HAI on length of hospital stay.

How the results of this work might be used to inform clinical practice, is then
explored in Chapter 10. Estimates of the gross benefits of prevention at the
level of the study hospital and at the national leve! are presented, together with
a framework for assessing the potential net benefits of investment in infection
prevention and control activities. A worked example of a simple model of the
costs and potential benefits of investment in infection prevention and control
activities is presented.
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Finally, the results of this study, methodological considerations and the
implications for infection prevention and control policy and clinical practice are
discussed in Chapter 11 and conclusions drawn.
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CHAPTER 2
THE EPIDEMIOLOGY OF HOSPITAL ACQUIRED INFECTION

21 Introduction

In this chapter the literature relating to the epidemiology of hospital-acquired
infection (HAI) is reviewed. An overview of the epidemiology of HAI in terms of
its frequency and distribution, the mortality risk associated with acquiring an
infection, and the number of patients estimated to die from these infections
every year is provided. The aetiology of HAI including a discussion of specific
risk factors for HAl and the problem of antibiotic resistance are also examined.
The focus of this chapter will be the problem of HAls occurring in surgical
patients. However, in order to put the problem in context, information relating to
the overall problem of HAI will also be presented where appropriate.

The literature reviewed was identified through a series of consecutive searches,
carried out during the period 1993 — March 2003, using the computerised
bibliographic databases Medline, and PubMed. These two bibliographic
databases were selected as they cover the major journals of relevance to this
thesis. These searches were supplemented by reference follow up, hand
searching of selected journals, and consultation with experts in the field. The
search was limited to papers published in the English language during the
period 1975 - March 2003, and further limited to studies conducted in
developed European countries, the United States of America, Canada and
Australia. This time period was selected, as in the mid 1970s the US study of
the Efficacy of Nosocomial Infection Control (SENIC), was published
representing a time of new understanding and interest in HAIs. As such it was
considered appropriate to review literature published from the mid-1970s. The
search strategy involved the use of selected key words (thesaurus terms) and
combining these with a number of “free text” words. The key words used were:
hospital acquired infection; nosocomial infections; healthcare associated
infections; and hospital associated infections. These were combined with the
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following “free text” words: prevalence; incidence; risk factors; risk indices;
antibiotic resistance; antimicrobial resistance; mortality; morbidity and deaths.
The abstract of each paper was subsequently read and a decision made as to
whether the paper was relevant to this review. Those papers that were
concerned with HAls occurring in adult non-day case patients cared for in
specialties common to most hospitals (medicine, surgery, urology, care of the
elderly, orthopaedics, gynaecology and obstetrics) were considered to be
relevant, as were papers that included both day case and in-patients and
papers that included both patients admitted to the specialties listed above as
well as those admitted elsewhere. Papers that were limited to day case
patients, children, or patients admitted to specialties not included in this study,
were excluded from the review.

References cited in papers which had not been identified through the
computerised search were subsequently followed up. Hand searches of the
following journals were also carried out: Journal of Hospital Infection; Infection
Control; American Journal of Infection Control, Epidemiology and Infection
Control; Current Issues in Infection Control; and the British Medical Journal.
Experts in the field including microbiologists and infection control specialists
from the Central Public Health Laboratory Service, at Colindale in North
London, and selected NHS Trusts were also consulted to identify grey literature
such as project reports and policy documents of relevance to this review.

Some papers identified as part of the review of studies that assessed the
economic burden of HAI are also included in this section, since they not only
reported data on the cost of infection but also the incidence of HAIs and the
number of deaths occurring in infected patients. The results of the socio-
economic burden of HAIl study, on which this thesis is based, are reported
separately in Chapter 4.
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2.2 The frequency and distribution of HAI

Data on the frequency and distribution of HAIl are available from a variety of
sources. A review of the literature indicates that a number of studies have
assessed the frequency of HAI either in terms of its prevalence or incidence
(see sections 2.3 and 2.4). Many hospitals also routinely collect data on the
frequency of selected HAls, and many participate in national surveillance
schemes, the results of which, in some cases, have been published. A recent
National Audit Office survey of infection control indicated that in 1998 ~94% of
infection control teams surveyed carried out some form of surveillance.3
Epidemiological, clinical audit and hospital surveillance studies provide useful
insights into the extent of the problem of HAI in terms of the frequency of the
problem and, in many cases, also provide data on how infection rates vary with
specialty, age and other patient characteristics. However, valid comparisons of
the results of studies conducted in different settings and over time are difficult.
The methods used to determine the incidence or prevalence of HAl employed in
the different studies vary in important respects, which in turn impact on the
results obtained. For example, studies vary in terms of the case definitions and
case ascertainment methods used, the formula used to calculate rates, the
types of infections included and the case mix studied. These differences are
discussed in detail in sections 2.3 and 2.4, in the context of studies that have
assessed the prevalence of HAl (section 2.3) and the incidence of HAI
(section 2.4).

23 Prevalence of HAI

Prevalence figures are a measure of the proportion of individuals in a population
with a specific disease at a single point in time (point prevalence rate) or over a
period of time (period prevalence rate) (figure 2.1). Point prevalence figures are
more common and have generally been used in studies of the prevalence of
HAI. They are usually expressed as a percentage.
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Figure 2.1 Prevalence rate formulae

1. Point PR = no. persons with a disease at particular point in time

total population

2. Period PR = total no. persons with disease at some time during the specified period

total population at mid-point of interval

PR = prevalence rate

Multicentre prevalence studies have been conducted in a number of countries.
Table 2.1 provides an overview of prevalence studies that have been conducted
in developed European countries, the US and Australia since 1975. These
studies provide important information on both the overall problem of HAls and
the prevalence of infection among specific patient groups.
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2.3.1 The overall prevalence of HAI

Prevalence studies conducted during the late 1970s estimated the prevalence
of HAls to be between 10-17%. In 1975 the prevalence of HAls occurring in
34,246 patients admitted to five Swedish hospitals was found to be 17%.1¢ In
1978 10.4% of 1363 patients admitted to 25 Danish hospitals had one or more
HAl and in 1979 12.1% of 1,557 admitted to the same hospitals had one or
more HAls at the time of survey.!?

Prevalence surveys conducted between 1980 and the mid 1990s generally
found the prevalence of HAI to be slightly lower at around 9%.67 182 The most
recent study conducted in the UK and Republic of lreland found 9.0% of
patients surveyed in 1993 had one or more HAls at the time of survey.” A few
studies conducted during this time period found a lower prevalence. In 1984
Sramova et al (1988)22 found the prevalence of HAls in 12,260 patients
admitted to 23 hospitals in Czechoslovakia in 1984 to be 6.1%, and in 1992 a
study by Sartor et al/ found that 7.1% of 1389 patients admitted to eight
hospitals in France had one or more HAls, somewhat lower than an earlier
estimate for the same year of 8.6%.20

The results of prevalence studies conducted since 1995 vary, ranging from a
low prevalence of infection rate of just 1.7% observed in a study by Pavia et al
(2000)%7 involving 888 patients admitted to six hospitals in Italy (Cantazano) to
13% observed by Pittet et al (1999) in a Swiss period prevalence study
conducted in 1996.33

Other studies conducted during this time period found the prevalence of
infections to be between 5.9% and 9.3%.21 3135363839 |n 1995 a Greek study
observed a rate of 5.5% increasing to 5.9% in 1996.3! In 1996 a French
prevalence survey involving 236,334 patients found the prevalence of infection
to be 7.6%: 6.7% of patients studied had one or more infections,?® and a
Spanish survey found the prevalence of infections to be 8.4%: 7.2% of the
51,961 patients studied had one or more HAIs.2! In 1997 a Norwegian
prevalence survey found the prevalence of infection to 6.1%.3¢ and in 1999 a
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prevalence study conducted in Greece found the prevalence of HAI to be
9.3%.%8

The higher prevalence rate observed in the study by Pittet et a/ (1999)% can in
part be explained by a number of factors: (l) the study was a period prevalence
study, not a point prevalence study; (2) it was conducted in four teaching
hospitals where you would expect higher rates than in other types of hospitals;
(3) the study was conducted shortly after a national holiday weekend resulting
in a low occupancy rate in the hospitals surveyed and a greater likelihood that
the population studied were a relatively high risk population compared to the
‘normal’ hospital population.

If the above results are taken at face value they would appear to suggest that
the prevalence of HAl has decreased overtime. However, as indicated in
section 2.2 valid comparisons between studies and overtime are difficult. The
methods employed to detect HAls vary, the case definitions used differ, some
studies have limited the types of infections included and the types of patients
surveyed varies with study. These and other factors will inevitably impact on
the prevalence rates observed and are discussed below.

2.3.1.1  Case definitions

The majority of studies have used the Centre for Disease Control (CDC)
definitions of HAI or a modified version. Depending on the timing of the study
either the 1972 CDC2 or the 1988 CDC criteria® with or without the 1992
modified CDC definition of surgical site infections have been used.?? Some
studies whilst using these definitions have elected to exclude bacteriuria as a
diagnosis for a hospital acquired UTI.21303133 Qthers have used a variant of the
CDC definitions, adapting them to suit the patient population being studied. For
example, a Norwegian study made some slight modifications to the 1998 CDC
criteria. Details of the changes made were not presented in the paper.3¢ Other
studies have used the WHO definitions4® and a few, such as the UK prevalence
study of 1980 and 1996, have developed their own working definitions of
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infections.6 7 However, the first UK prevalence study definitions were based on
the CDC criteria and the second UK prevalence study definitions were based on
the 1980 working definitions and CDC criteria. The two prevalence studies
conducted in France in May and November 1992 used two different sets of
definitions. The survey conducted in May used the 1988 CDC criteria, and the
survey conducted in November used the definitions of the Conseil Superieur
D’Hygiene Publique de France for the diagnosis of infections of the urinary tract,
chest (pneumonia), surgical wounds and bloodstream infections, which are
similar to the CDC definitions.20

Whilst the commonly used definitions are very similar they do differ in a number
of important respects that may have an impact on the prevalence rate observed.
For example, the criteria for urinary tract infections may vary with respect to
whether microbiology evidence is required. Consequently, it is possible that in
hospitals where access to microbiology services is limited, or where the culture
is such that few specimens are taken, the infection rate will be underestimated.
Gastmeier et al (1998)32 found infections rates were significantly higher in
hospitals with an on-site laboratory service, than in those who did not have such
facilities. However, it is not clear whether the apparent lower infection rate
observed in hospitals without on-site access to microbiology facilities reflected
an underestimate of the ‘true * rate or simply reflected a different case-mix,
which was at relatively low risk of infection, at hospitals where access to on-site
facilities were not deemed necessary.

2.31.2 Identification methods

The prevalence studies listed in Table 2.1 also vary in the methods used to
detect HAls. The approach generally adopted involved the following. All
relevant data sources including treatment charts, case notes and microbiology
records were consulted to identify signs and symptoms of infection. If the
evidence obtained met the criteria detailed in the definitions used, an infection
was said to be present. The majority of studies involved hospital personnel in
this process. However, a few utilised external assessors.4' The degree of
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training these staff received varies amongst the studies ranging from just a brief
training session,2® to a relatively substantial training programme.33 4 The
validity of the results obtained depend on the ability of the staff to comply with
the protocol adopted, and assuming compliance, the sensitivity and specificity
of the selected approach. There is some evidence that greater accuracy in
diagnosing HAl is achieved when better qualified staff are involved and when
there is a more substantial training programme.42

Inevitably in some cases there will be a degree of uncertainty as to whether an
HAl is present. To overcome this, some studies instructed the assessor to
indicate the degree of certainty associated with each diagnosis. For example,
in the UK prevalence study, researchers were instructed to classify infections as
‘certain’, ‘probable’ or ‘possible’. In contrast a German study only recorded
‘certain’ infections.42 This contributed to the considerably lower overall rate of
3.5% observed in the German prevalence study. When Gastmeier et al
(1998)*2 reworked the UK estimates only including ‘certain’ infections the
prevalence fell from 8.0% to 4.2%. Whilst this is still higher than the German
estimate, it is a considerably closer estimate. Further analysis indicated that if
the German estimates were limited to infections occurring in hospitals with a
minimum of 600 beds, in line with the types of hospitals included in the UK
study, the estimated prevalence increased from 3.5% to 4.4% in line with the
UK modified estimate (i.e. limited to ‘certain’ and excluding ‘probable’ or
‘possible’ infections) of 4.2%.42

23.1.3 Sites of infections included

The majority of prevalence studies aimed to include all types of HAls. However,
a few limited the infections included to the commoner infections. For example a
Norwegian prevalence study limited the infections included to the four most
frequent infections: urinary tract, surgical wound, lower respiratory tract and
bloodstream infections.3® Limiting the types of HAIs included will inevitably
have an impact on the overall prevalence rate, with the result being an
underestimate of the overa