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ABSTRACT 
 

The prinicipal aim of this thesis was to explore the relationship between 3rd generation 

cephalosporin antibiotics and hospital-acquired Clostridium difficile-associated 

diarrhoea (CDAD).  This antibiotic class has been implicated in the aetiology of CDAD; 

therefore restriction of these antibiotics via antibiotic policies represents a potential 

strategy for prevention and control of CDAD.  Successful control of CDAD in hospitals 

translates to improved quality of care for patients, and a reduction of pressure on 

hospital resources.  Therefore, the objectives of this study were to determine whether 3rd 

generation cephalosporins were related to CDAD, to evaluate the effect of changes to 

antibiotic policy on the incidence of CDAD, and to determine the impact of CDAD on 

patient length of stay and hospital costs.  The study was conducted in Sir Charles 

Gairdner Hospital (SCGH), a public teaching hospital located in Perth, the capital city 

of the state of Western Australia. 

 

Evidence for an association between 3rd generation cephalosporins and CDAD was 

obtained from studies of ecologic- and individual-level data.  A time series analysis of 

the relationship between monthly consumption of 3rd generation cephalosporins and the 

incidence of CDAD in SCGH was undertaken covering the period 1994 to 2000.  The 

results demonstrated a positive relationship between the use of 3rd generation 

cephalosporins and CDAD. 

 

A matched case-control study that involved 193 adult inpatients diagnosed with CDAD 

and 386 adult inpatients without CDAD, selected from the period 1996 to 2000, was 

conducted.  Information was collected on exposure to 3rd generation cephalosporin 

antibiotics during hospitalisation, as well as exposure to other antibiotics and 

medications, procedures, and comorbidities.  Results from conditional logistic 

regression analyses found CDAD cases were six times more likely to be exposed to 3rd 

generation cephalosporins during their admission, prior to the onset of diarrhoea, than 

controls (adjusted odds ratio [OR] = 6.17, 95% confidence interval [CI] = 1.56-24.37).  

Approximately one third of CDAD in the study population could be attributed to 3rd 

generation cephalosporins.  CDAD cases were also four times more likely to have been 

exposed to either amoxicillin-clavulanate or ticarcillin-clavulanate (adjusted OR=4.23, 

95% CI=1.81-9.93).   
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In October 1998, an antibiotic policy was introduced at SCGH that restricted the use of 

ceftriaxone, the 3rd generation cephalosporin most commonly used by the hospital.  

During 1999 and 2000, the incidence of CDAD halved as ceftriaxone consumption fell 

in response to this policy.  The effect of this policy was demonstrated in the time series 

model; during the post-policy period the relationship between ceftriaxone and CDAD 

that was evident prior to the policy was cancelled out.  From the individual-level data, 

obtained from the case-control study, a reduction in the prevalence of exposure to 3rd 

generation cephalosporins from 11% to 1% accounted for a 30% reduction in the 

incidence of CDAD. 

 

Data from the case-control study was also used to analyse the independent contribution 

of CDAD to length of stay and admission costs using multiple linear regression.  

Hospital inpatients that experienced a single episode of CDAD during their admission 

had their length of stay extended by an average of 2.4 days (95% CI=1.93-2.97).  This 

was estimated to cost the hospital approximately A$168,000 per year prior to 

ceftriaxone restriction and A$67,200 after the policy was implemented.  However, the 

independent contribution of an episode of CDAD to admission cost was only $4.70 per 

case after adjusting for comorbidities. 

 

In conclusion, this thesis establishes an association between 3rd generation 

cephalosporin use and CDAD in hospitals.  These findings provide evidence that the 

implementation of antibiotic policies to reduce prescription of 3rd generation 

cephalosporins can reduce hospital-acquired CDAD. 
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CHAPTER 1: INTRODUCTION 
 

 

 

 

 

 

1.1 STATEMENT OF THE PROBLEM 
 

The incidence of Clostridium difficile-associated diarrhoea (CDAD) in hospitals has 

steadily increased since the early 1980’s.  The two main reasons for the emergence of 

this problem are the widespread use of antibiotics, and the contamination of the hospital 

environment with the C.difficile organism.  Although there is strong biological evidence 

that antibiotics breakdown gastrointestinal “colonisation resistance”, permitting 

subsequent infection with C.difficile if exposed to the pathogen, epidemiological 

evidence for antibiotic associations with CDAD is limited.  In particular, the 

relationships between specific antibiotic classes and CDAD are not well defined due to 

methodological limitations such as inadequate sample sizes. 

 

At Sir Charles Gairdner Hospital (SCGH) in Perth, Western Australia, an increase in the 

incidence of C.difficile infection was observed during the 1980’s that correlated with an 

increase in the use of 3rd generation cephalosporin antibiotics.1  Attention to infection 

control practices in 1989 was followed by a plateau in incidence by 1992.  A new 

antibiotic policy was introduced that restricted the use of ceftriaxone in October 1998.  

However, the impact of this policy on the incidence of CDAD in SCGH has not been 

determined.  Descriptive evidence from other studies indicates that CDAD can be 

prevented by reduced consumption of 3rd generation cephalosporins.2, 3  CDAD results 

in an increased length of stay (LOS) for the patient, and the annual cost of CDAD to 



  Chapter 1 

 

 

2 

SCGH based on this additional LOS has been estimated at approximately $1.25 

million.4  

 

Significant gaps exist in the evidence for the role of 3rd generation cephalosporin 

antibimicrobials in hospital-acquired CDAD.  In particular, epidemiological studies 

have not been designed to specifically explore this relationship, and many are limited by 

lack of statistical precision and inadequate control of extraneous factors.  Restriction of 

3rd generation cephalosporins represents a potential method for prevention and control 

of CDAD, however, no study has sufficiently evaluated the impact of such policies.  

The experience with CDAD at SCGH, that included the introduction of a policy to 

restrict ceftriaxone use, provided a unique opportunity to address some of these issues. 

   

1.2 AIMS OF THE THESIS 
 

The principal aim of the thesis was to investigate the relationship between 3rd generation 

cephalosporin antibiotics and CDAD.  The specific objectives of the thesis were: 

 

• To describe the incidence of Clostridium difficile infection in SCGH from 1993 

to 2000, 

 

• To investigate the association between 3rd generation cephalosporins and 

hospital-acquired CDAD in SCGH patients, 

 

• To assess whether CDAD independently increases patient length of stay, 

 

•  To assess the economic impact of CDAD in SCGH hospital and, 

 

• To evaluate the effectiveness of an antibiotic policy that restricted 3rd generation 

cephalosporin use as an intervention for CDAD. 
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1.3 STRUCTURE OF THE STUDY 
 

The thesis provides a comprehensive study of the epidemiology of CDAD, the impact 

of the infection on hospital resources, and the control and prevention through the use of 

antibiotic policies. 

 

In Chaper 2, the current situation of CDAD is explored in a review of the literature.  In 

the review, the epidemiology, prevention and control of CDAD are described.  A 

systematic review of the literature is described in Chapter 5 that specifically explores 

the relationship between various antibiotics and CDAD. 

 

The descriptive epidemiology of CDAD in SCGH from 1993 to 2000 is presented in 

Chapter 3.  The results from this chapter led to the use of time series analysis in Chapter 

4 to quantify the relationship between 3rd generation cephalosporin use and the 

incidence of CDAD, using ecologic level data.  The aim of Chapter 4 was to evaluate 

the effectiveness of antibiotic prescription regulation as an intervention for the 

prevention of hospital-acquired CDAD. 

 

From Chapters 6 to 10, a case-control study is presented that addresses the relationship 

between 3rd generation cephalosporins and CDAD.  The methods used for this study are 

described in Chapter 6.  Chapter 7 reports the results of the selection of the cases and 

controls and the characteristics of the study population.  The results of the analyses of 

the data obtained from the case-control study are described in Chapter 8 (association 

between 3rd generation cephalosporins and CDAD) and Chapter 9 (the impact of 

CDAD).  Issues related to the validity and reliability of the case-control study are 

explored in Chapter 10.  A final discussion and conclusion is presented in Chapter 11. 

 

1.4 ETHICAL CONSIDERATIONS 
 

Ethical approval for the study was obtained from the Sir Charles Gairdner Hospital 

Human Research Ethics Committee (Trial number 2000-050), for access to information 

stored in patient medical records and hospital databases.  Approval was obtained from 

the Confidentiality of Health Information Committee, Department of Health, Western 

Australia (project number 20008) for extraction of data from the Hospital Morbidity 
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Data System (HMDS).  A reciprocal arrangement between SCGH and The University of 

Western Australia (UWA) obviated the need for ethics approval from the UWA Human 

Research Ethics Committee.  Individual patient consent was not required for this study 

because no direct patient interview or other contact was necessary. 

 

The most important ethical concern for this study was the protection of patient 

confidentiality.  This was addressed in several ways.  Firstly, all electronic files that 

contained patient identifying information, for example laboratory and hospital 

administrative datasets, were stored on password protected centrally maintained 

computers.  Access to these datasets was restricted to the author.  Secondly, all patient 

files were reviewed in the research room of the Medical Records Department, SCGH.  

For the case-control study, a master list of identification numbers was generated and 

stored under lock and key when not in use.  All analyses were undertaken on de-

identified data.  Finally, no confidential information is identifiable through the reporting 

of results. 

 

Data will be archived electronically for a minimum of five years in accordance with the 

joint NHMRC/AVCC Statement and Guidelines on Research Practice on ‘Data Storage 

and Retention.5 
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CHAPTER 2: LITERATURE REVIEW 
 

 

 

 

 

 

2.1 INTRODUCTION 
 

Infection with the anaerobic bacterium Clostridium difficile is the most commonly 

diagnosed cause of infectious hospital-acquired diarrhoea.6  C.difficile was first isolated 

in 1935 but not identified as the main causative agent of antibiotic-associated diarrhoea 

(AAD) until 1977.7, 8  The spectrum of disease caused by C.difficile ranges from 

asymptomatic colonisation to colitis that can progress to more severe 

pseudomembranous colitis (PMC).  Complications include colonic perforation and 

death.9  The term Clostridium difficile-associated diarrhoea (CDAD) is used to describe 

the symptomatic manifestations of the disease, thus excluding asymptomatic 

colonisation.  Hospital inpatients with CDAD are generally elderly, and have several 

comorbid conditions.  The majority of these patients have been exposed to 

antimicrobials that reduce ‘colonisation resistance’ of the large intestine allowing 

subsequent colonisation and infection with C.difficile.  The transmission of C.difficile is 

facilitated by its ability to form spores that are resistant to many disinfectants allowing 

it to remain viable in the hospital environment for long periods of time. 

 

This review has two parts.  The first part deals with the essential background 

information, including the clinical course, pathogenesis, and diagnosis of the illness.  

This information is included to provide an overview of the most pertinent and current 

knowledge relating to CDAD.  The second part deals with the epidemiology and control 

of CDAD, particularly in hospitals.  This part is relevant to the aims of the thesis, that 
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is, to contribute to, and improve upon, existing knowledge regarding the relationship of 

antimicrobial agents with CDAD, the impact of CDAD in hospitals, and the use of 

antimicrobial prescribing policies as strategies for the prevention and control of CDAD. 

 

2.2 CLOSTRIDIUM DIFFICILE-ASSSOCIATED DIARRHOEA: CLINICAL 
BACKGROUND, PATHOGENESIS AND DIAGNOSIS 

 

2.2.1 Clinical course 
 

Infection with C.difficile can result in either asymptomatic carriage of the organism or 

clinical disease that may vary from mild diarrhoea, the most common clinical course, to 

severe colitis that increases the risk of complications and death.   The onset of 

symptomatic C.difficile colitis is typically abrupt. Watery diarrhoea may occur during 

antibiotic therapy, or shortly after antibiotics have been discontinued.  Other symptoms 

include malaise, nausea, anorexia, abdominal pain and cramps, and some patients 

experience dehydration and a low-grade fever.9 Pseudomembranous colitis (PMC) is 

characterised by the presence of pseudomembranes (yellow plaques ranging from 2-

10mm in diameter) on the colorectal mucosa in addition to more severe symptoms of 

colitis, and occurs in approximately 8% of CDAD patients.10, 11 However, not all patients 

with PMC present with colitis.  Triadafilopoulos and Hallstone12 indicated that patients 

diagnosed with PMC can present with symptoms that mimic those of “small bowel 

ileus”.  They reported a case-series consisting of six patients, all of whom had 

previously been treated with antibiotics, that presented with abdominal distension, pain, 

fever, a high white blood cell (WBC) count and, either no or mild diarrhoea.  Drapkin et 

al.13 found that 5% of CDAD patients over a 2-year period presented with signs and 

symptoms suggestive of peritoneal irritation, referred to as “acute abdomen”.  A similar 

finding of 4.3% was recently reported by Klipfel et al.14 

 

A small proportion of CDAD patients may develop fulminant colitis where 

complications such as bowel perforation and toxic megacolon, that is a dilated colon 

with symptoms of severe toxicity, may occur.  Symptoms of severe toxicity include 

high fever, chills, a markedly high WBC, and hypoalbuminaemia due to protein-losing 

enteropathy.  Studies have found that 3-8% of CDAD patients experience severe 

disease.15, 16  Grundfest-Broniatowski et al.17 found that 20% of 59 intensive care unit 
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(ICU) patients diagnosed with CDAD over a 3.5-year period experienced progressive 

toxicity or peritonitis, and 17% had recurrence of symptoms.  By contrast, during a 

retrospective chart review of 90 CDAD patients diagnosed over an 18-month period, 

Marts et al.18 found that pseudomembranes had been seen in one of four patients that 

underwent colonoscopy, and only one recurrence occurred.  Data on severe disease and 

recurrence of CDAD are variable.  Recurrences have been estimated to affect from 6% 

to 65% of CDAD patients, depending on the nature and the size of the population 

studied, and whether they have had previous relapses.10, 11, 19-22,23  Recurrence generally 

occurs a short time after successful treatment of an initial episode of CDAD, and may 

be the result of either failure to clear the organism or re-infection with the same or 

another strain of C.difficile.23-26     

 

Another, although rare, complication of CDAD is reactive arthritis, an immunological 

response in joints and other tissues to bacterial antigens that gain access via the 

circulatory system.  Reactive arthritis is generally associated with infections due to 

other enteric pathogens, such as Shigella, Salmonella, Campylobacter and Yersinia. 

There have been several case-reports in the literature linking reactive arthritis to a recent 

history of CDAD,27-36 and a study of 100 patients with reactive arthritis established 

C.difficile as the cause in approximately 6% of patients studied.37 

 

Asymptomatic carriage of C.difficile is generally considered a separate manifestation, 

rather than a precursor to clinical infection.  Evidence from studies examining C.difficile 

acquisition rates suggests that patients colonised with C.difficile upon admission to 

hospital are at far less risk of developing diarrhoea than patients who acquire C.difficile 

after admission even if exposed to antibiotics.38-40  Colonisation with C.difficile may be 

with toxigenic and non-toxigenic strains, thus toxigenicity does not explain disease 

outcome. 38, 41, 42  These patients were more likely to have had previous episodes of 

CDAD and previous hospitalisations, than patients not colonised at admission.39  

Furthermore, colonised patients have higher serum levels of IgG antibodies against 

C.difficile toxin A than patients with diarrhoea, who in turn have higher levels than 

patients with recurrent episodes of diarrhoea.43-45  Thus development of diarrhoea is a 

function of host immunity as well as microbial virulence.   
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In summary, infection with C.difficile can produce a wide spectrum of clinical 

manifestations, from asymptomatic colonisation to transient diarrhoea, severe colitis 

and complications that may lead to death.  These data suggest that such variability may 

be due to the nature of the population studied, presumably determined by host factors, 

in addition to hospitalisation and antecedent antimicrobial use which increases 

susceptibility to more severe clinical courses.  

 

2.2.2 Natural history and pathogenesis 
 

Based on the evidence that colonised patients are not at increased risk for developing 

CDAD if exposed to antibiotics, Johnson and Gerding46 proposed a "three-hit" disease 

model according to the hypothesis that patients become susceptible to infection with 

C.difficile if exposed to the organism during or shortly after antimicrobial exposure 

(Figure 2.1).   

 

Figure 2.1: Three-hit disease model of C.difficile acquisition and pathogenesis of 
CDAD 

 

 

 

 

 

 

 

 

 

 
Adapted from Johnson, S and Gerding, D N (1998) Clinical Infectious Diseases, 26: 1026-36 

 

 

Exposure to antimicrobials and exposure to C.difficile represent the first two "hits".  

However, not all patients who have received the first two hits develop CDAD, and the 

presence of an additional factor, the third "hit", appears to be necessary.  This may be 

related to host susceptibility or immunity, or to the virulence of the infecting strain.  As 
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discussed above, patients can be asymptomatically colonised with highly virulent strains 

indicating that other factors are necessary for CDAD to occur. 

 

Development of disease relies on the breakdown of colonisation resistance, that is, the 

protective barrier that is provided by the microbial flora ("microflora") of the large 

intestine that prevents the growth of opportunistic or pathogenic microorganisms.  

Studies in both animals and humans have demonstrated that antibiotics are able to 

damage this barrier allowing establishment of infection by C.difficile and subsequent 

toxin production that ultimately results in diarrhoea.47  The ability of various antibiotics 

to alter the intestinal microflora depends not only on their spectrum of activity, but 

various physiological processes including the degree of absorption, rate of elimination, 

enzymatic inactivation, and binding to human fluids and intestinal material.48  For 

example, agents that are excreted by the biliary tract (parenterally administered 

ceftriaxone, orally administered clindamycin) are found in high concentrations in the 

intestine. This reduces various species of microflora, allowing colonisation by yeasts 

and clostridia, and the emergence of resistance in organisms that are components of the 

microflora, for example enterococci, enterobacteria and Bacteroides species.48 

 

The pathogenesis of CDAD has been recently reviewed by Poxton et al.49  After 

colonisation of the intestine, C.difficile produces two closely related toxins, toxin A 

(enterotoxin) and toxin B (cytotoxin), that inactivate a family of cellular proteins, the 

Rho GTPases. These proteins have a variety of cellular functions including the 

regulation of fibre assembly of the actin cytoskeleton and apoptosis.  The inactivation of 

these proteins results in the rounding of cells due to the disruption of the cytoskeleton, 

disruption of the tight junction complexes that maintain cellular adhesion, and abnormal 

activation of apoptosis.  This increases colonic permeability, increasing fluid secretion 

into the colon, resulting in watery diarrhoea.  Toxin B has 100-fold higher activity than 

toxin A, and it is believed that inactivation of the Rho proteins may not be the main 

effect of toxin A.  Instead, the binding of toxin A to the intestinal mucosa triggers a 

transepithelial signal to mast cells, via the release of substance P (a neurotransmitter) 

from sensory neurons, that in turn stimulates an inflammatory response, characterised 

by the infiltration of polymorhonuclear leukocytes, resulting in mucosal injury and 

pseudomembrane formation.  Regardless of the specific cellular mechanisms, it is clear 
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that both toxins have important roles in mediating diarrhoea and inflammation of the 

colon in CDAD.  However, phenotypic variation of C.difficile strains indicates that the 

expression of both toxins is not necessary for virulence.  Approximately 3% of clinical 

isolates in the UK and France are toxin A-negative/toxin B-positive,50, 51 although others 

have reported prevalences from 11% to 56%.52, 53  Furthermore, reports of outbreaks in 

Canada and The Netherlands of toxin A-negative/toxin B-positive strains have recently 

been published.54-56 

 

Data from typing studies have revealed a correlation between certain serotypes, PCR 

ribotypes and disease. Delmée et al.57 first described the application of serotyping to 

C.difficile isolates, that is, the use of antibodies to detect variable antigenic determinants 

on bacterial cell surfaces. They reported that serotypes A and C were associated with 

hospital outbreaks of AAD; A, C and D were associated with sporadic cases of AAD; B, 

F and G were found only in asymptomatic neonates or young children; and A and D 

were found in children with diarrhoea.  Both B and D were non-cytotoxigenic; G was 

cytotoxigenic; A, C, and F comprised both cytotoxigenic and non-cytotoxigenic strains, 

although cytotoxigenic strains of groups A and C were predominant in cases of AAD.  

Further evidence and the use of PCR ribotyping has established PCR ribotype 1, 

corresponding to serotype G, as the most commonly isolated strain in UK hospitals, 

accounting for 58% of all hospital isolates and responsible for a large outbreak in one 

hospital in 1991.58, 59 By contrast, PCR ribotype 12 (serogroup C) is the most commonly 

isolated strain in outbreaks in Belgium, but accounts for only 2.6% of UK isolates.  In 

French hospitals serogroup H is most common, however, serotype C is most commonly 

implicated in AAD.  Serotype F is comprised of the toxin A-negative/toxin B-positive 

strains that have generated recent concern.  The contribution of typing studies to the 

knowledge of C.difficile epidemiology was recently reviewed by Brazier.58 

 

It is evident therefore that certain toxigenic serotypes are more commonly associated 

with disease, and this may be related to the level of toxin produced.  Toxigenic strains 

that produce high levels of toxin A also produce high levels of toxin B, and those that 

produce low levels of toxin A also produce low levels of toxin B.60  Genetic studies 

have shown that greater toxigenicity was related to higher transcription levels of the 

toxin genes, which may be due to defects in the toxin A and B genes in addition to other 
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genes that comprise the C.difficile pathogenicity locus.61, 62  Recently, McCoubrey and 

Poxton63 reported a correlation of serotype with S-layer type, surface layer proteins on 

the outer surface of bacteria, that may have a role in virulence independent of toxin 

production.  The role of S-layers in the virulence of C.difficile remains to be established.  

It is clear that further work on the relationship between virulence and relationship to 

disease is warranted. 

 

2.2.3 Diagnosis 
 

Case-definition 

 

A diagnosis of CDAD generally involves both clinical and laboratory findings.  

Although CDAD is a term applied to the entire spectrum of disease caused by 

C.difficile, only those patients displaying symptoms, most notably diarrhoea, are 

included in a CDAD case definition.  Investigation of asymptomatic patients may be 

useful for epidemiologic studies of C.difficile colonisation and carriage but is less 

important for routine diagnosis and clinical management of CDAD patients.64 

 

To be considered a case for epidemiological studies of symptomatic C.difficile 

infection, symptoms should be consistent with a definition of clinical diarrhoea, and 

laboratory investigation of faecal samples should be positive for the organism and/or its 

toxins.  Furthermore, other causes of diarrhoea should be excluded.  There are various 

definitions of diarrhoea but all include a physical description of the stool specimen and 

a minimum duration of diarrhoea, such as, “more than three loose, watery or unformed 

stools per day for at least two days,”65 “at least six watery stools over 36 hours”64 and 

“eight unformed stools over 48 hours.”64  

 

Testing critera 

 

The criteria surrounding the decision to test a specimen for C.difficile have been widely 

debated.  C.difficile is the most common pathogen isolated from hospitalised patients 

who develop diarrhoea, although it is only found in approximately 20% of all patients 

with nosocomial diarrhoea.66  Routine culturing of all faecal specimens submitted to the 

enteric laboratory is not recommended, and a decision to test should be based on the 
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probability of having diarrhoea due to C.difficile.  A set of criteria has proven to be cost 

effective and increases accuracy of the tests,67, 68 although there is an argument that 

hospital in-patients who develop diarrhoea during their stay should be tested routinely 

for C.difficile.69  The USA has published guidelines regarding the investigation of 

hospitalised patients for C.difficile, although the degree of adherence to these guidelines 

by laboratories remains to be assessed.46  Testing policies in Australia vary between 

hospitals; few routinely test in-patient stool specimens or use selective testing criteria, 

most only testing for C.difficile if specifically requested.70  In a survey of Canadian 

hospitals laboratories were far more likely to test for C.difficile based on evidence of 

diarrhoea, current or recent antibiotic therapy, or a request by doctors than in-patient 

status alone.71  Nearly all CDAD patients have a recent history of antibiotic therapy and 

this is a factor often included in selective criteria for testing for C.difficile.67 For 

epidemiological studies however, selection bias prevents the inclusion of antibiotic 

history in the case definition of CDAD.  However, in retrospective studies using 

laboratory databases to identify cases this may be unavoidable if a preceding decision to 

test a faecal sample for C.difficile was based on antibiotic history alone.  The presence 

of diarrhoea is an important criterion for epidemiological studies using laboratory 

databases to identify cases, not only to minimise the possibility of selection bias due to 

antibiotic exposure, but also because the carriage rate of C.difficile in hospitals is high 

and therefore a positive laboratory test is not necessarily diagnostic of CDAD. 

 

Laboratory testing 

 

Confirmation of suspected C.difficile infection is generally via the laboratory.  PMC is 

the only manifestation of CDAD that is diagnosed clinically, via direct visualisation of 

pseudomembranes by endoscopy.  Endoscopy is specific for the diagnosis of PMC only 

and is not necessary for all CDAD patients that can be diagnosed by more sensitive 

faecal tests.64  Laboratory diagnosis is made either by detection of C.difficile by culture 

and/or detection of its toxins. 

 

Culture of C.difficile is central to the diagnosis of CDAD and essential for molecular 

epidemiological studies.  Several agar media selective for the growth of C.difficile have 

been evaluated with varied results, however CCFA, an egg yolk based medium 
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containing cycloserine, cefoxitin and fructose, first described by George et al. in 1979,72 

remains the medium of choice.  On CCFA after 48 hours growth, C.difficile colonies are 

characteristically flat and yellow, and have a ground glass appearance with a yellow 

halo in the surrounding medium.  Visual inspection of CCFA plates together with a 

characteristic odour is generally sufficient for a presumptive identification of C.difficile, 

however, confirmation can be achieved with further simple tests if culture is not 

satisfactory.64 

 

The sensitivity and specificity of culture are both high, however reports vary from 89% 

to 100% and 84% to 99% respectively depending on the definition used for ‘true’ 

CDAD against which to compare culture results.  When compared against stool 

cytotoxicity (the current gold standard test) sensitivity of culture has been observed at 

83%-100%.73, 74  Specificity of culture is less than other tests, particularly cytotoxin 

assays, due to the high rate of asymptomatic carriage of toxigenic and non-toxigenic 

strains in hospitals.75 

 

Culture of the C.difficile organism may be the most sensitive detection method but it 

lacks specificity and provides no immediate information regarding the toxigenicity 

(toxin A or toxin B) of isolates.  The detection of cytotoxin (toxin B) in faeces using 

mammalian tissue culture lines is considered the gold standard diagnostic test for 

CDAD against which other tests are compared.  The test is based on the ability of the 

cytotoxin to disrupt the cytoskeletal structure of the mammalian cell resulting in a visual 

cytopathic affect, an effect that is neutralised by the addition of antitoxin specific for 

C.difficile or C.sordellii (due to antigenic cross-reactivity).  Various cell lines have been 

used, however, VERO (African Green Monkey kidney) cells are considered the most 

sensitive.65 

 

There is much debate over the use of routine culture for the diagnosis of CDAD; some 

laboratories have moved away from culture and rely solely on direct faecal cytotoxin 

detection due to the cost and time factors associated with culture.  However, some 

studies have shown that 46% of samples can be positive for C.difficile by culture but 

negative by direct faecal cytotoxin testing, and approximately 60% of cytotoxin 

negative faecal samples contain cytotoxin positive C.difficile after culture.1  Reasons for 
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lack of toxin demonstration directly from faecal samples include denaturation of the 

cytotoxin at ambient transport, or inadequate storage temperatures, that do not affect the 

viability of the organism itself due to its ability to form spores.69   

 

The sensitivity and specificity of cytotoxin testing are often quoted as very high, 94-

100% and 99%, respectively.9  In fact the sensitivity and specificity of direct faecal 

cytotoxin detection as a single test varies from 67% to 98% and 92% to 100%, 

respectively, depending on the definitions of “true positives” and “true negatives” used 

in the evaluation, and also with the particular cell line used.76-80  Lashner et al.81 first 

reported that 67% of culture positive, stool cytotoxin negative patients actually had 

positive toxigenic cultures, and Riley et al.1 also observed that 60% of toxin negative 

faecal samples produced a toxigenic isolate after culture.  Staneck et al.73 found the 

sensitivity of CDAD diagnosis improved from 82% for direct faecal cytotoxin assay to 

90% when toxigenic culture was used, and the specificity remained the same at 99%.  

Barbut et al.80 showed a similar improvement in sensitivity from 92.7% to 96.4%.  

Therefore, due to the potential for loss of cytotoxin viability from the clinical specimen 

during transport and storage, the opportunity for false negatives to occur can be reduced 

by culturing the organism prior to cytotoxin assay.  However, this approach 

considerably delays making a definitive diagnosis of CDAD and is a considerable 

financial burden on laboratories.  There is a need for a single, rapid, inexpensive test for 

C.difficile that is both sensitive and specific, and this has driven the development of the 

newer enzyme immunoassay methods. 

 

Until recently it was believed that all C.difficile strains produce either both or no toxins, 

thus cytotoxicity (toxin B) assay using tissue culture cell lines was considered a suitable 

reliable test regardless of whether toxin A or B was primarily involved in the 

pathogenesis of the illness.64  Enzyme immunoassays (EIA) have also been developed 

along this line of thinking, however, in this case kits detecting toxin A only are 

routinely used by laboratories, sometimes as the sole test for reasons including speed 

and cost-effectiveness.  Also, the stability of toxin A compared to toxin B has made it a 

more suitable target for toxin immunoassay and many toxin A kits are commercially 

available.82  However, although these kits provide rapid results they have slightly lower 

sensitivity (approximately 79%) than faecal cytotoxin detection on cell lines.83 and, as 
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for cell culture cytotoxin testing, 68% of direct faecal EIA’s, i.e. in vivo tests, that are 

toxin A negative are positive via in vitro testing, i.e. microbial culture of the organism 

prior to assay.82 Also, the occurrence of toxin A-negative/B-positive strains may further 

impact upon this if toxin A immunoassay alone is the method of choice for CDAD 

diagnosis.  Although toxin A-negative/B-positive strains occur at a low prevalence, 

approximately 0.2% to 3%, there is concern that these atypical isolates will spread 

through hospitals undetected where toxin A testing alone is used.50, 84  This point has 

been highlighted recently with the reporting of outbreaks due to toxin A-negative/toxin 

B-positive strains.54-56  In addition, toxin A-positive/toxin B-negative strains have been 

reported from Japan. 85 Therefore, the use of EIA kits that detect both toxins may 

provide a preferable alternative to accurate diagnosis of CDAD than kits that detect only 

one toxin; however evaluations of these kits have produced variable results.86-88 

 

Reliance on bacterial culture means that a microbiology report may take 48 hours or 

more to generate, longer for fastidious or slow growing organisms or where further 

tests, e.g. biochemical, are required for a definitive diagnosis.89  Molecular approaches 

to detection, isolation and identification of C.difficile have centred upon direct DNA 

probe hybridisation or nucleic acid amplification techniques.  However, these 

techniques are not yet used routinely by diagnostic laboratories and will not be 

discussed in this review. 

 

To conclude, although laboratory diagnosis of CDAD has highly sensitive and specific 

tests for C.difficile, both anaerobic culture of the organisms and cell culture cytotoxin 

detection are labour intensive and slow with a result not available for several days.  The 

development of recombinant DNA technology, particularly the polymerase chain 

reaction and probe hybridisation techniques, needs to be intensively evaluated for 

C.difficile as it provides the most promising future diagnostic tools that fulfil the goal of 

a single, rapid and efficient test. 
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2.3 EPIDEMIOLOGY OF CDAD 
 

2.3.1 Characteristics of the patient: prevalence and risk factors 
  

Infants and children 

 

Asymptomatic colonisation with C.difficile is common in neonates and infants; however 

in children diarrhoea due to C.difficile infection is well recognised.90  Transient carriage 

of C.difficile in newborn infants is frequent, up to 71%,91-93 and can vary even from 

ward to ward, as reported by Larson et al.94 who found carriage varied from 2% to 52% 

in babies from three neonatal wards.  Evidence suggests that C.difficile is acquired by 

neonates during their routine postnatal hospital admission, due to infant-infant cross-

infection,91, 94-96 although some studies have reported evidence of transmission from the 

genito-urinary tract of the mother during birth.97  For infants up to one year of age, 

colonisation rates from 23% to 64% have been reported,98-104 with a reduction in 

colonisation from 4% to 6% by the end of the second year of life as a more adult 

gastrointestinal flora develops.98, 99, 103  Neonates that have acquired C.difficile during 

their hospital stay have also been shown to be a source of recurrent C.difficile infections 

of new mothers.105 

 

It is not clear why colonised neonates and infants remain well.  Some studies indicate 

that asymptomatic carriage in the majority of neonates is due to nontoxigenic strains, or 

toxigenic strains with low toxigenic potential.92, 94, 106, 107  Enad et al.107 isolated toxigenic 

strains only from infants in a newborn intensive care unit who were symptomatic.  

However, Al-Jumaili et al.91 found 94% of strains isolated from colonised neonates in a 

special care nursery were toxigenic and Lishman et al.108 reported that 67% of colonised 

infants in a special care baby unit yielded cytotoxin positive C.difficile.  A study by 

Karsch et al.103 found no difference in the frequency of toxigenic strains isolated from 

hospitalized children with or without diarrhoea.  By contrast, carriage of toxigenic 

strains by healthy infants and young children appears low.  A study by Torres et al.102 

found 4.5% of healthy children aged less than one year carried toxigenic strains, and 

two Nigerian studies reported carriage of C.difficile in 58% of 320 children aged less 

than 5 years104 of which 15% were cytotoxin positive.109  It has been suggested that 

foetal gut mucosal cells may lack receptors for C.difficile toxins explaining why 
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neonates and very young infants colonised with toxigenic strains do not develop 

symptoms.110, 111 

 

For older children, diarrhoea due to C.difficile is associated with antibiotic use, as seen 

with adults.112, 113  C.difficile has been implicated in children with community acquired 

diarrhoea,114 although others have found no difference in the isolation of C.difficile from 

children with or without diarrhoea.115  Like adults, some studies have found a 

correlation between C.difficile colonisation and previous antibiotic use in young 

children.115  A study in India of children with hospital-acquired AAD, identified 

C.difficile in only 3.6% of cases.116  A control group screened for C.difficile revealed a 

carriage rate of 2.7% suggesting that C.difficile was not an important pathogen in AAD 

of children.  However, cytotoxigenic strains were isolated from all of the cases whereas 

all of the strains isolated from controls were non-cytotoxigenic.  Rates of nosocomial 

CDAD in paediatric patients are not widely reported.  A recent surveillance study in a 

German hospital reported an incidence of 0.5 per 100 admissions (1 per 1000 patient 

days) for haematology-oncology patients during a 10-month surveillance period in 

1998.117  

 

Normal adults without diarrhoea 

 

Studies of C.difficile in normal adults have reported variable asymptomatic carriage 

rates.  Data from Sweden identified C.difficile by cytotoxin or culture in 2% of healthy 

adults who had stool specimens tested by a central reference laboratory from 1978 to 

1983.118  A recent study from Sweden found a 1% carriage rate of cytotoxigenic 

C.difficile.119  By contrast an earlier Japanese study found 15% of healthy adults studied 

carried C.difficile, and a 10% carriage rate for cytotoxin positive strains.120  However, 

the study population consisted of elderly nursing home residents, hospital inpatients and 

medical students that were more likely to have been exposed to C.difficile through their 

contact with healthcare facilities.  A more recent study from Japan reported an overall 

carriage rate of 7.6%, ranging from 4.2% to 15.3% depending on the subgroup of 

individuals examined.121  In order to fully understand the nature of gastrointestinal 

carriage of C.difficile in the community, longitudinal studies are required that establish 

whether carriage is permanent or transient in patients not exposed to antibiotics.122 
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Adults with diarrhoea 

 

Community acquired CDAD has not been studied as extensively as hospital-acquired 

CDAD.  Two early studies found the prevalence of CDAD in Western Australian 

patients who presented to their general practitioners with diarrhoea to be 4.7% and 

5.5%, respectively.123, 124  A study in Sydney found 6.8% of patients that presented to a 

major city hospital with diarrhoea were infected with C.difficile and this was associated 

with recent antimicrobial use.125  Similar findings have been reported from England and 

Switzerland.126, 127  A nationwide Swedish study in 1995 found 28% of all CDAD cases 

diagnosed could be classified as community acquired, that is, the cases had not been 

hospitalized within the preceding four weeks, but 88% had been exposed to antibiotics 

within the previous six weeks.128  A smaller study also from Sweden found 12.6% of 

patients admitted to hospital because of diarrhoea were infected with cytotoxigenic 

strains of C.difficile, and 59% of these patients had been treated with antibiotics within 

five weeks of onset of diarrhoea.119 

 

Age-adjusted antibiotic-specific attack rates were reported from a study of people 

registered with a health maintenance organisation (HMO) in the USA.  The highest 

rates were seen for ampicillin/clavalunate in combination with cefuroxime, 286 

cases/100,000 risk periods,a and ampicillin/clavalunate in combination with cefaclor, 

79/100,000 risk periods.129  Attack rates were generally higher for patients receiving 

antibiotic combinations than single antibiotics, however low case numbers produced 

imprecise estimates.  The overall risk of community acquired CDAD in this study was 

very low at <1/10,000 antibiotic prescriptions, or 7.7/100,000 person years.  In another 

study of members also of an HMO in the USA from 1992 to 1994, and using the same 

definition of antibiotic risk period, Levy et al.130 reported highest attack rates for 

cephalexin (56.3%), cefixime (55.6%) and cefuroxime (40.9%).  The highest non-

cephalosporin antibiotic was amoxicillin/clavulanate (36%).  These HMO studies 

included hospital inpatients which may have biased the rates reported.  

 

                                                 
a Risk period = interval beginning 2 days and ending 42 days after a prescription was filled. 
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A population based cohort study was undertaken in the UK from 1993 to 1996 to 

investigate the incidence and aetiology of infectious intestinal disease both in the 

community and presenting to general practices (GPs).131  To assess the incidence 

presenting to GPs, 70 volunteer practices were chosen from the Medical Research 

Council’s GP research framework that were representative of all GPs nationally with 

respect to geographic location, urban and rural characteristics, and social deprivation 

index.  Each practice collected data for a period of one year.  To estimate the 

community incidence, 200 people were randomly selected from each practice list and 

stratified by age and sex producing a cohort of 9776 people representative of the 

national population by age, sex and social class.  The participants were required to 

complete weekly postcards for six months regarding symptoms, and those with 

symptoms submitted a stool sample for C.difficile cytotoxin testing.  The incidence of 

CDAD from the GP study was 0.2 cases/1000 person-years (95% confidence interval 

[CI]=0.12-0.31), compared to 1.6/1000 person-years (95% CI=0.7-3.6) for the 

community based follow-up study, indicating that patients with CDAD in the 

community often do not present to a GP, and/or GPs under diagnose CDAD.  Evidence 

that community acquired CDAD may be under diagnosed due to lack of awareness and 

investigation of C.difficile as a cause of community-acquired diarrhoea by doctors was 

reported by Riley et al.132 who found an increase in the isolation rate of C.difficile from 

2.6% to 10.7% following the distribution of educational material to GPs.  

 

An indication of the prevalence of C.difficile carriage and infection in the community 

comes from hospital based prospective studies that tested faecal specimens for 

C.difficile as soon as the patient was admitted to hospital and then regularly during the 

admission period.  This also allows an estimation of the C.difficile acquisition rate 

during hospitalisation.  These studies have indicated that approximately 10% of CDAD 

patients harbour C.difficile on admission (Table 2.1).  The majority of these were 

asymptomatic; very few patients were admitted with diarrhoea.38, 42  Two of these 

studies reported that 50% to 80% of patients admitted with C.difficile had a history of 

recent hospitalization, and 63% of patients admitted with C.difficile had been prescribed 

antibiotics within the previous two weeks.39, 133  In addition, Hutin et al.134 found 

previous antibiotic use to be more important for colonisation on admission rather than 

previous hospital admissions. 
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Table 2.1: Acquisition of C.difficile in healthcare facilities  
 
Reference Study population Colonised on 

admission 
(%) 

Infected on 
admission 
 (%) 

Acquired 
colonisation 
(%) 

Acquired 
infection  
(%) 

 
Morris135 

 
Adults with malignant 
haematologic disorders 
hospitalized over a 15-week 
period (n=45) 
 

 
11 

 
- 

 
- 

 
23 (colonised 
or infected) 

Bender136 Admissions to a chronic care 
ward of a long term care 
facility during an outbreak 
period (n=40) 
 

22 - 19 - 

Gerding76 Hospital inpatients (n=150) 
 

3.3 - - 30 (diarrhoeal) 

Heard137 Admissions to oncology 
(n=135) and medical wards 
(n=438) over a 6-month 
outbreak period 
 

- 15 (Oncology) 
1.4 (Medical) 

- 21 (Oncology) 
2 (Medical) 

McFarland133 General medical ward 
admissions over an 11-month 
period (n=428) 
 

4 3 13 7.8 

Johnson38 282 long-stay patients on 3 
wards (surgical, medical, 
orthopaedic) over a 9-week 
study period 
 

- 2.4 18 3.1 

Monsieur138 Admissions to a geriatric 
ward over a 3-month period 
(n=100) 
 

3 3 6 4 

Clabots42 Admissions to a medical-
surgical ward during a 9-
month period (n=634) 
 

9.6 0.6 9 0.5 

Rudensky139 Admissions to an acute 
geriatric ward (n=100) 
 

2 0 12 0 

Samore39 Admissions to two wards 
(medical, surgical) and three 
ICUs over a 4-month period 
following an increased 
incidence (n=496) 
 

8.8 2.2 11 3.8 

Söyletir140 Admissions to a general 
medicine ward over a 12-
month period (n=202) 
 

0 0 2 5 

Hutin134 Admissions to an infectious 
disease ward (74% HIV 
positive) over a 6-month 
period (n=240) 
 

13.3 - - - 

Brazier141 Patients aged ≥65 years 
admitted to six hospitals 
(n=284) 

10 6 - - 

Rotimi142 263 patients admitted to two 
ICUs and one Burns unit in 
three hospitals 

0 0 6.4 3.0 
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Hospitalised adults  

 

The relative lack of C.difficile in the healthy adult gastrointestinal tract and the 

prevalence of CDAD cases in hospitals suggests that most C.difficile infection is 

hospital-acquired.6  From the prospective studies summarised in Table 2.1, estimates of 

asymptomatic colonisation with C.difficile range from 2% to 19%, and symptomatic 

C.difficile infection range from 0% to 21%, of patients who were negative for C.difficile 

on admission to hospital.  However, most studies found that the number of colonised 

patients outnumbered the number who developed diarrhoea.  An exception was a 

Turkish study where 5% of admissions to a general medicine ward developed 

symptomatic C.difficile infection, and only 2% were asymptomatically colonised during 

their admission.140   Furthermore, this study did not identify any patients with C.difficile 

on admission to hospital.  This is not unusual; Brazier et al.141 surveyed elderly patients 

in six Welsh hospitals and found carriage of C.difficile on admission to be 10% overall, 

ranging from 0% to 24% in the individual hospitals. 

 

The highest acquisition rates for C.difficile were reported from studies in Table 2.1 that 

included oncology/haematology patients.135, 137 Heard et al.137 reported 21% of patients 

admitted to oncology wards became ill with CDAD compared to only 2% of those 

admitted to general medical wards.  Two studies reported high colonisation rates (18-

19%) in patients on long-stay wards or in long term care facilities.38, 136  However, in one 

of these studies that reported acquired infection the rate was 3.8%, which is comparable 

to other populations studied.38  

 

From these few studies, it is apparent that acquisition rates are variable.  This may be 

due to the nature of the patient population studied, antibiotic therapy, and whether the 

study was carried out during an outbreak.  The study by Heard et al.,137 reporting an 

acquisition rate of 21% in oncology patients, was undertaken during an outbreak period.  

The application of molecular typing in that study demonstrated the involvement of a 

clonal C.difficile strain in 76% of hospital-acquired cases.  Most studies have found the 

majority of patients who acquired C.difficile, either asymptomic carriage or diarrhoea 

due to infection, had been exposed to antibiotics recently. 
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The prevalence of CDAD in hospitalised adults is higher than for community acquired 

CDAD due to the increased use of antibiotics in hospitals and the increased opportunity 

for transmission of C.difficile.  Table 2.2 summarises the prevalence of symptomatic 

C.difficile infection estimated from various studies, most of a cross-sectional design, 

conducted in a range of hospitalised patient populations.  The prevalence estimates 

reported vary from 0% to 41% depending on the nature of the population studied.  For 

hospital wide studies, the prevalence of CDAD ranged from 0.7% to 9.7% for all 

patients, and from 7.7% to 17% of symptomatic patients tested for C.difficile.  Similar 

estimates are seen in studies restricted to some specific patient populations, such as, 

renal patients (8%), surgical patients (2% to 8%), patients admitted to ICU or burns 

units (0% to 8%).  Other patient groups exhibit wider variation; elderly patients (0% to 

15%), patients with inflammatory bowel disease (2% to 13%), tube-fed patients (0% to 

15%), and bone marrow transplant patients (2% to 17%).   

 

A small study of HIV positive patients admitted to a long term care facility, of which 

91% had AIDS, found 41% developed CDAD.143  This is much higher than other studies 

conducted in hospitalised HIV groups where CDAD ranged from 0% to 11%.144, 145  

However, their admission to a long term care facility may be interpreted that the 

patients in that study were likely to be more severely ill than the patients in the two 

other studies.  Similarly, for investigations of CDAD in cancer patients, one study 

reported a much higher prevalence of 32%146 than the other studies that ranged from 6-

8%.147-149  Reasons for this difference are only speculative, however, the small study 

population and the nature of the population are probably the main contributing factors.   

 



   

Table 2.2: Prevalence of C.difficile infection in various hospitalised populations during non-outbreak periods. 
 
Reference Study

period 
 Study population Prevalence Comments 

 
HOSPITAL WIDE  
 

    

Varki150 
 

1980 Hospitalised patients with stool sample submitted for C.difficile testing, USA (n=100) 13% of patients tested Culture 

Riley151 
 

1981-1982 Inpatients and outpatients with stool sample submitted for C.difficile testing , Australia 
(n=179) 

14.5% of patients tested Culture or toxin B 

Brown152 
 

1983-1986 Hospitalised patients with stool sample submitted for C.difficile testing, USA (n>1000) 10-13% Toxin B 

Niyogi153 
 

Unknown Hospitalised patients with diarrhoea, India (n=341) 11.1% of patients with diarrhoea Culture or Toxin B 

Barbut154 
 

1993 Patients who had stool samples submitted to 11 hospital microbiology laboratories, 
France (n=3921) 

9.7% of patients tested Toxigenic culture (A and B) 

Butterworth155 
 

1996 Adult admissions to a tertiary care hospital, Canada 17% of patients tested Culture or toxin  

Kyne156 
 

Unknown Admission to a tertiary care hospital over a 4-month period, Ireland (n=2612) 0.7%  

Dhawan157 
 

Unknown Patients with diarrhoea, India (n=156) 7.7% of patients with diarrhoea Toxin A or culture 

Wiström158 
 

1995-1996 Patients from 5 hospitals treated with antibiotics, Sweden (n=2462) 
 

5.2%   Toxin B

 
ELDERLY 
 

    

Bender136 
 

1985 Monthly surveillance of patients on a chronic care ward of a long term care facility 
over a 7-month period, USA (n=200) 

14-30% (colonised or infected)  

Campbell159 
 

Unknown Long-stay (>8 weeks) patient in a geriatric hospital, UK (n=49) 0% Culture or Toxin B 
0% colonised 

Corrado160 
 

Unknown Inpatients of a geriatric ward of a university hospital over an 8-week period, UK  
(n=55) 

0%   4% colonised
Culture or Toxin B 

Thomas161 
 

1987-1988 Residents of a long term care facility receiving antibiotics, USA (n=36) 3%  

Simor162 
 

1989-1990 Point prevalence surveys of residents of a geriatric care facility, Canada: hospital 
(n=183) and nursing home (n=321) 

7.1-14.7% (hospital) 
2.1-8.1% (nursing home) 

Culture or Toxin B 

 



   

Table 2.2 continued. 
Reference Study

period 
 Study population Prevalence Comments 

 
ELDERLY (cont.) 
 

    

Rudensky139 
 

Unknown Point prevalence survey of hospitalised geriatric patients, Israel (n=78) 0% (18% colonised) 
 

Culture 

Walker163 1991 Period prevalence survey over 10 days of residents of two long term care facilities, 
USA (n=225) 

7.1% (4% cytotoxin) Culture or Toxin B 

Sims164 
 

1988-1989 Residents of three nursing homes over an 8-month period, USA (n=572) 2.1%  

Beaujean165 
 

1993-1994 Surveillance for nosocomial infection in geriatric wards of a university hospital, 
Netherlands (n=300) 

7% Outbreak during surveillance 
period 

 
INFLAMMATORY 
BOWEL DISEASE 
 

    

Meyers166 
 

Unknown Patients admitted to hospital with inflammatory bowel disease, USA (n=44) 9% Toxin B 

Keighley167 
 

1978-1980 Patients admitted to a hospital unit with inflammatory bowel disease, UK (n=69) 6% Toxin (A or B not specified) 

Greenfield168 
 

1980-1981 Patients with inflammatory bowel disease, UK (n=109) 13.4% 
11.9% controls with diarrhoea 

Culture or toxin 

Rolny169 
 

1980-1981 Inpatients with inflammatory bowel disease, Sweden (n=53) 5% Toxin (A or B not specified) 

 
SURGERY 
 

    

McCarter170 
 

1995 Admissions to vascular, trauma and general surgical surgery services over a 10-week 
period, USA (n=475) 

2%   Toxin A

Bulstrode171 
 

1994-1996 Patients who underwent aortic surgery, UK (n=180) 8.3% Toxin (A or B not specified) 
All had received postoperative 
prophylactic cefuroxime. 

Kent172 
 

Unknown Patients admitted to general, vascular, thoracic, urology surgical services over a 5-
month period, USA (n=374) 

5.6%  

Valentine173 
 

Unknown Patients who underwent aortic surgery, USA (n=120) 4.1% Toxin only 
All had received cefazolin 
during surgery. 

 



   

Table 2.2 continued. 
Reference  Study

period 
Study population Prevalence Comments 

 
TUBE- FED 
PATIENTS 
 

    

Edes174 
 

1986-1988 Hospitalised patients who received nasogastric feeding, USA (n=123) 2.4% 
(10% of all with diarrhoea) 

Culture or toxin (A or B not 
specified) 
All had received antibiotics 

Guenter175 
 

1987-1989 Hositalised patients who received nasogastric feeding, USA (n=100) 15% (50% of all with 
diarrhoea) 

97% had received antibiotics, 
compared to 60% without 
diarrhoea. 

Heimburger176 
 

1988-1991 Adult inpatients who received nasogastric feeding, USA (n=41) 0% (17% diarrhoea) Culture 

Bliss177 
 

1992-1993 Adult inpatients who received nasogastric tube feeding (n=76), adult hospitalised 
non-tube fed patients, USA (n=76) 

9.2% tube-fed 
1.3% non-tube fed 

Toxin B or toxigenic culture 

 
NEPHROLOGY 
 

    

West178 
 

1985-1994 Kidney and kidney-transplant recipients, USA (n=1932) 8% overall 
16% paediatric kidney 
15.5% kidney-pancreas 
3.5% adult kidney 
 

Culture or toxin (A or B not 
specified) 

 
INFECTIOUS 
DISEASE 
 

   

Brettle179 
 

1979-1980 Admissions to an infectious diseases unit over a 1-year period, UK (n=154) 9.7% (4% cytotoxin) Toxin B or culture 

Barbut144 
 

1991-1995 HIV positive patients admitted to an infectious disease unit over a 52-month period, 
Belgium (n=1334) 

5.0%  

DeMarais143 
 

1994-1995 HIV positive patients admitted to a long term care facility, USA (n=75) 41% 91% had AIDS 
Toxin B or culture 

Mastroianni180 1993-1995 HIV positive patients admitted to an infectious disease department over a 3-year 
period who were tested for C.difficile, Italy (n=312) 

11%   Toxin B

Zulu145 
 

1993-1996 Comparison of patients admitted to two hospitals, London, UK (n=126) and Lusaka, 
Zambia (n=68), with AIDS related chronic diarrhoea. 

London 11% 
Lusaka 0% 

Toxin A 

 
 



   

Table 2.2 continued. 
Reference Study

period 
 Study population Prevalence Comments 

 

BONE MARROW 

TRANSPLANT 

 

    

Yolken181 
 

1980-1981 Bone marrow transplant recipients, USA (n=78) 15% Toxin (A or B not specified) 

Cox182 
 

1989-1990 Bone marrow transplant recipients over a 10-month period, USA (n=296) 2% Toxin B 
All diagnosed in outpatient 
setting 

Yuen183 
 

1991-1993 Bone marrow transplant recipients, Hong Kong (n=120) 17% Culture or toxin B 

Bilgrami184 
 

1993-1996 Peripheral blood stem cell transplant recipients, USA (n=200) 7% Toxin B only 

Van Kraaij185 
 

Unknown Stem cell transplant recipients (n=60) 3.3% Culture or toxin 

Chakrabarti186 1994-1999 Stem cell transplant recipients, UK (n=75) 7.5% Toxin B 

Barton187 1991-1995 Bone marrow transplant or stem cell transplant recipients over a 4-year period, USA 
(n=127)  

11%  

 

CANCER 

 

    

Gerard147 
 

1986-1987 Hospitalised cancer patients over a 7-month period tested for C.difficile, Belgium 
(n=119) 

6.7% Culture or toxin B 

Nielsen146 
 

Unknown Patients with disseminated germ cell cancer treated with high dose cisplatin, 
etoposide and bleomycin over a 2-year period, Denmark (n=25) 

32%   Toxigenic culture

Emoto148 
 

1992-1994 Women with ovarian cancer treated with cisplatin-based combination chemotherapy, 
Japan (n=33) 

6.1% Toxin B only 

Husain149 
 

1993-1996 Women with ovarian cancer treated with paclitaxel-based chemotherapy regimens, 
USA (n=624) 

6.4%  

Gorschlüter188 1991-2000 Patients with haematologic malignancies treated with myelosuppressive 
chemotherapy, Germany (n=371) 

14% (7% of chemotherapy 
episodes) 

Toxin B 

 

 



   

Table 2.2 continued. 
Reference Study

period 
 Study population Prevalence Comments 

 

CRITICALLY ILL 

PATIENTS 

 

    

Kelly189 
 

1980 Patients admitted to the ICU over a 12-month period, UK (n=81) 0% Culture or toxin B 

Loeschke190 
 

Unknown Patients admitted to the ICU over a 2-month period, Germany (n=90) 6.7% Toxin B 
All patients received antibiotics, 
no patients not receiving 
antibiotics developed CDAD 

Grube191 
 

1985-1986 Patients admitted to the ICU of a burns centre, USA (n=112) 8% Culture or toxin B 
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Varying approaches to diagnosis also influence variations in reported rates of C.difficile 

infection.  Riley70 surveyed 15 diagnostic laboratories in Australia that serviced 

hospitals of size ≥400 beds.  The incidence varied from 1.6 to 148 cases per 100,000 

occupied bed days for the year 1993.  Differences were found in the diagnostic methods 

used and the approaches to testing specimens for C.difficile that indicated at least some 

of the variation was due to differences in the ability to diagnose cases.  A similar 

finding was reported by Alfa et al.71 who surveyed 380 Canadian hospitals in 1995.  The 

incidence of C.difficile infection ranged from 23.5/100,000 patient days for hospitals 

with <300 beds, to 30.8/100,000 patient days for hospitals with 300-500 beds and 

40.3/100,000 patient days for hospitals with more than 500 beds.  They also found that 

most (85%) did not use criteria for testing specimens, and variation in the choice of tests 

used correlated with hospital size, with larger hospitals favouring cytotoxin tests and 

performing very little culture.   The studies displayed in Table 2.2 all used objective 

definitions for diagnosis, however they varied in the specific diagnostic tests used.  As 

expected, studies that employed culture as well as toxin tests generally had higher 

detection rates than studies that used toxin tests alone. 

 

Despite no obvious difference in the prevalence of CDAD found in studies conducted in 

populations that consist of elderly patients, increased age is an important risk factor for 

CDAD.  Of the studies identified in Tables 2.1 and 2.2, the average age of the study 

population for those conducted in general hospital populations was over 60 years, 

indicating the relatively elderly nature of these groups.133, 135, 38, 39, 158 Similarly, those 

conducted in surgical patients also reported average ages of over 60 years.172, 173  Bone 

marrow transplant patients were younger, averaging 20-45 years.181, 182, 184  Therefore, the 

age and the severity of underlying disease of the baseline patient population are 

important considerations for descriptive studies of C.difficile infection in healthcare 

facilities. 

 

Antibiotic specific attack rates have been provided by few studies, however, for those 

that have their methodology varied.  Golledge et al.192 expressed the rate as a proportion 

of ‘notional courses’ of antibioticsb during 1987.  The highest attack rate was associated 

 
b notional course = grams given in the most commonly prescribed regimen/number of grams of total usage. 
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with clindamycin (9.1%), followed by cefotaxime (5.1%), cephamandole (4.5%) and 

ceftriaxone (4.4%).  In a study that covered the years 1989-1994, Jobe et al.193 reported 

attack rates as a proportion of the number of doses of each antibiotic, both in a multiple 

and single antibiotic regimen.  In a multiple antibiotic regimen cephapirin had the 

highest attack rate of 12.0/1000 doses, followed by ceftriaxone, 5.28/1000 doses.  In a 

single antibiotic regimen, cephapirin had an attack rate of 3.0/1000 doses, followed by 

cefoxitin, 2.25/1000 doses.  Ceftriaxone as a single antibiotic had an attack rate of 

1.0/1000 doses.  Roux194 undertook a retrospective investigation of antibiotics 

associated with C.difficile infection in a teaching hospital for the year 1995.  Using the 

‘number of treatments prescribed’ for each antibiotic as the denominator, he found the 

highest attack rate was for imipenem/cilastatin (3.4%) and clindamycin (1.8%).  

Cephalosporins, that included ceftazidime, ceftriaxone and cefoxitin, had an attack rate 

of 0.8%.  In a study of patients diagnosed with C.difficile infection by detection of toxin 

A only, Al-Eidan et al.195 reported the highest attack rate for cefotaxime (6%) using the 

number of courses of antibiotic as the denominator.  During an outbreak of CDAD in a 

UK hospital, highest attack rates were also reported for 3rd generation cephalosporins.196  

Although it is difficult to draw any firm conclusions from these studies, it is apparent 

that cephalosporin antibiotics are associated with high attack rates for C.difficile 

infection in hospitalized patients.  Clindamycin was only associated with 2/87 cases in 

the study by Al-Eidan et al.195 reflecting reduced use of this antibiotic in recent years. 

 

Risk factors for hospital-acquired CDAD 

 

The two most important risk factors for CDAD are exposure to C.difficile and exposure 

to antibiotics.  Exposure to C.difficile may occur by contact with contaminated hospital 

objects, hands of health-care workers, or gastrointestinal procedures that may directly 

place C.difficile into the gastrointestinal tract.  Several analytical epidemiological 

studies have investigated risk factors for C.difficile.  Antibiotics are prescribed in the 

majority of CDAD cases but the role of specific antibiotics is less clear, although 

clindamycin and the 3rd generation cephalosporins have been most commonly 

implicated.  Evidence for the involvement of various antibiotics is examined in more 

detail in a systematic review of the literature in Chapter 5. 
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Increased age, pre-existing co-morbidities and increased length of stay (LOS) increase 

the risk of hospital-acquired infections.197  Increased age has been identified as a risk 

factor from both univariate and multivariate studies of hospital-acquired CDAD.152, 198-204  

In two studies using multivariate analysis, the odds of cases being aged >65 years was 

14.1 (95% CI=1.4-141) times that of controls, and 7.86 (95% CI=1.80-34.41) times that 

of controls for patients aged >75 years.152, 198  Chang and Nelson202 and Harbath et al.204 

reported an OR of 1.03, (95% CI=1.02-1.04 and 1.01-1.05, respectively) for each 

additional day of hospitalisation.  In hospitalised HIV patients, Hutin et al.134 reported 

an OR of 3.6 (95% CI=1-13) per week of admission.   

 

Several studies have reported an association between CDAD and gastrointestinal 

procedures, such as gastrointestinal surgery, nasogastric tubes, assisted feeding and 

enemas, and gastrointestinal medication, such as antacids, by univariate analysis.152, 198, 

199, 205-215  However, only a few studies have found nasogastric tubes,208, 211 

gastrointestinal surgery,206 and gastrointestinal medication198 to be independent 

predictors of CDAD in multivariate models.  Similarly for co-morbidities, several 

studies have reported significant univariate associations,134, 152, 198, 200-204, 207, 211, 216, 217 

however, few were subsequently found to be independent predictors in multivariate 

analyses.152, 198, 211  Many of the above studies have relatively small sample sizes, and 

even those that do find certain procedures or comorbid conditions are independently 

related to CDAD often have wide confidence intervals around the effect estimate 

indicating lack of precision due to inadequate sample size (Table 2.3).  
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Table 2.3: Evidence for non-antibiotic risk factors from multivariate analyses of 
CDAD 

 
Study Population Sample size Variable Effect estimate 

(95% CI) 
     
Brown152 Inpatients of a 700-bed tertiary 

care hospital, USA 
74 
(37 CDAD) 

Gastrointestinal 
procedurea

23.2 (2.1-255) 

   ICU 39.2 (2.2-713) 
Lai211 Inpatients of a 370-bed tertiary 

care hospital, USA, tested for 
C.difficile 

180 
(92 CDAD) 

Nasogastric tube 0.094 (0.033-0.265) 

   Respiratory tract 
infection 

3.16 (1.16-8.55) 

McFarland198 Admissions to an adult general 
medicine ward, USA 

347 
(31 CDAD) 

Gastrointestinal 
stimulantsb

3.06 (1.67-5.60) 

   Stool softener 1.74 (1.02-3.0) 
   Enema 3.26 (1.51-7.02) 
   Extreme comorbid 

severity (Horns 
index) 

5.18 (1.20-22.25) 

Nath218 Admissions to a 465-bed 
tertiary care hospital, Canada 

160 
(80 CDAD) 

Gastrointestinal 
medicationc

3.20 (1.39-7.34) 

Thibault206 Admissions to a university 
hospital, Canada 

52 
(26 CDAD) 

Gastrointestinal 
surgery 

4.7 (1.0-21.0) 

Jensen199 Admissions to critical care units 
in one hospital, USA 

147 
(22 CDAD) 

Sucralfate 0.15 (0.05-0.42) 

Talon208 Admissions to a middle-term 
care facility, France 

74 
(21 CDAD) 

Naosgastric tube 19.7 (1.88-118.15) 

Shah213 Admissions to acute general 
medical and elderly care wards 
of one hospital tested for 
C.difficile, UK 

252 
(126 CDAD) 

Lactulose 0.43 (not available) 

 

a Nasogastric tube, gastrostomy/jejostomy tube, endoscopy, barium enema, upper GI series 
b Metoclopramide 
c H2-blockers, antacids, cytoprotective agents, laxatives 

 

 

Antineoplastic agents are often quoted as being inciting agents of CDAD due to their 

ability to disrupt colonisation resistance similarly to antibiotics.219  A review by Anand 

and Glatt219 summarised 23 published case reports excluding patients that had received 

antibiotics as well as chemotherapy.  They found a variety of antineoplastic agents were 

implicated, most commonly methotrexate.  However, most descriptive studies find that 

patients have been exposed to both antibiotics and antineoplastic agents.135, 146, 147  In 

addition, very few observational studies have reported an association with 

chemotherapy.  In a case-control study of 64 CDAD cases and 120 diarrhoea-free 

controls 12.5% of cases had been exposed to antineoplastic agents compared to 4.2% of 

controls.210  The OR for this was 3.29 (95% CI=0.89-13.28).  Although an association is 

seen, the few patients exposed to these drugs produced a statistically non-significant 
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confidence interval.  Furthermore, the analysis is not adjusted for age, length of stay, 

comorbidities or concomitant antibiotic exposure.  Katz et al.220 also found a significant 

difference in the proportion of cases and controls exposed to cancer therapy in their 

study of patients who underwent testing for C.difficile (n=333, 68 cases).  A weak but 

statistically non-significant association existed (OR=1.20, 95% CI=0.47-3.31) 

unadjusted for confounders.  Hornbuckle et al.212 found patients admitted to a bone 

marrow transplant/acute leukaemia unit who tested positive C.difficile were more likely 

to have been exposed to a grade 0 or 1 chemotherapy regimen than patients who tested 

negative (OR=7.2, 95% CI=2.4-21.60) in a multivariate model where antibiotic 

exposure was dropped because it was not associated with CDAD in this population.  

Although there is some evidence that antineoplastic agents may cause CDAD, the 

evidence is not conclusive and more robust epidemiological studies are required. 

 

Many of the above risk factors are associated with antibiotic use – age, length of stay, 

comorbidities, chemotherapy, and procedures where antibiotics may be used for 

prophylactic purposes – and therefore have to be considered as confounders in studies 

where individual antibiotics are exposures of primary interest.  Confounding of the 

relationship between antibiotics and CDAD will be addressed in the systematic review 

in Chapter 5. 

 

The changing epidemiology of CDAD 

 

Most of the literature concerning the epidemiology of CDAD has been published since 

the 1980s due to an increased awareness of CDAD as a hospital-acquired infection in 

the last 20 years.  Several centres worldwide have reported an increase in the incidence, 

including outbreaks, of CDAD since the early 1980s.  In Sir Charles Gairdner Hospital, 

Western Australia, the incidence of CDAD increased from 23 cases per 100,000 

inpatient days in 1983 to 50 cases per 100,000 inpatient days in 1992.1  Centres in the 

USA and UK have also reported a considerable increase in the incidence of CDAD in 

hospitalised patients in recent years.221-225 

 

Whilst there has been an increase in CDAD, antibiotic use in hospitals has also 

increased. Usage of cephalosporin antibiotics, particularly the 3rd generation 
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cephalosporins, has risen rapidly in the last two decades.226-228  Several investigators 

have noted changes in CDAD incidence following changes to antimicrobial prescribing 

practices. Impallomeni et al.3 reported an increased incidence in CDAD in a geriatric 

unit after a 20-fold increase of cefotaxime use in response to British Thoracic Society 

recommendations for treatment of community-acquired pneumonia.  Ho et al.229 found a 

50% increase in CDAD incidence at an adult teaching hospital after several antibiotics, 

including 3rd generation cephalosporins, were removed from a restricted prescription 

status.  Brown et al.152 saw an increase in CDAD over a period of time when 3rd 

generation cephalosporin use also increased due to removal from restricted status, and 

when clindamycin was also commonly used.  They subsequently showed a decrease in 

CDAD after both 3rd generation cephalosporin and clindamycin use fell after restriction 

of clindamycin was introduced.  Others have also successfully reduced CDAD in their 

facilities by restricting antibiotic use.2, 201, 230-233  This will be discussed in more detail in 

Section 2.3.4. 

 

2.3.2 Characteristics of the environment: reservoirs of infection and 
transmission of C.difficile 

 

Healthcare facilities 

 

Within healthcare facilities the main reservoirs of C.difficile are symptomatic patients, 

with the contaminated inanimate environment being the source.  Several studies have 

demonstrated the contamination of a variety of hospital environmental sites and hospital 

objects with C.difficile, such as floors, toilets and bedpans, sinks, etc., particularly in 

areas where CDAD cases were known to have been present and likely to contaminate 

their immediate surroundings.42, 95, 234-237  C.difficile spores, that are resistant to cleaning 

and disinfection, are able to persist in the environment.238  Molecular typing studies 

have shown that strains isolated from patients are commonly indistinguishable from 

strains isolated from environmental sites,133, 239 although others have found them to be 

different.64 One prospective study of the acquisition and transmission of C.difficile 

demonstrated the direct acquisition of the same strains of C.difficile in patients who 

inhabited rooms contaminated with these strains.133  Another reported 10% of patients 

admitted to hospital were asymptomatically colonised with C.difficile.42 Using 

molecular typing they documented the acquisition of a strain of C.difficile was preceded 
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by introduction of that strain to the ward by a previous admission, implicating colonised 

new admissions as a potential source of nosocomial CDAD. 

 

Transmission may be via direct contact of patients with the contaminated environment, 

or via healthcare personnel.  Intestinal asymptomatic carriage of C.difficile and hand 

carriage of C.difficile by healthcare workers is low,76, 235, 240 although one study 

demonstrated hand carriage in up to 59% of healthcare workers after contact with 

CDAD patients.133  Transmission of C.difficile from patient to patient will obviously be 

dependent on the levels of contamination in the environment, which in turn is dependent 

on the prevalence of CDAD patients in the hospital.  During outbreaks, environmental 

surveys using molecular typing have demonstrated cross-infection of patients.137, 241 The 

identification of clonally related strains during outbreaks provides further evidence for 

nosocomial cross-infection.59, 224, 242-244  In endemic periods, despite a high prevalence of 

C.difficile, a variety of C.difficile strains have been found which makes it more difficult 

to investigate nosocomial transmission.245-247  Furthermore, if there are multiple strains 

in the environment, extensive typing of all isolates for comparison with patient isolates 

is required.64 

 

Other reservoirs 

 

C.difficile has been identified from a variety of environmental sources outside of the 

hospital setting.  In a large study of 2580 environmental samples in Wales, C.difficile 

was recovered from 87.5% of river, 46.7% of lake waters and 50% of swimming pools, 

21% of soil samples, 7% of pets, 2.4% of raw vegetables and 2.2% of surfaces in 

private homes.248  PCR ribotyping of the environmental isolates obtained from this study 

found 41% to be PCR ribotype 1, the same type as the majority of clinical strains 

isolated from hospitalised patients in the UK.249  Overall, 17 PCR ribotypes from 

clinical isolates matched those from environmental sources, six were found only in 

environmental isolates and 41 only in clinical isolates.  These data provide evidence for 

exposure of the general population to C.difficile and possible transport of the organism 

into hospitals. 
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Although C.difficile has also been isolated from a variety of animals, only a small 

number of studies have been undertaken.  Therefore interpretating the significance of 

C.difficile in animals is difficult.6  Symptomatic CDAD has been seen in dogs, horses, 

captive ostriches and primates presumably initiated by the same breakdown of 

colonisation resistance, generally by antibiotics, as in humans.122, 250  Two studies have 

demonstrated the carriage of C.difficile strains in domestic cats and dogs attending 

veterinary clinics,251, 252 however, no correlation was found between isolates from pets 

and clinical isolates using molecular typing methods.253  Although this suggests animals 

are not a reservoir for human infection, more extensive studies are required. 

 

2.3.3 Impact of CDAD 
 

Mortality 

 

Estimates of mortality associated with hospital-acquired CDAD are variable.  All cause 

mortality of patients with a diagnosis of CDAD has been reported from 6% to 16%,18, 254-

256 however, for deaths directly attributable to CDAD, the estimates are much lower at 

approximately 1%.255, 256  During outbreaks, mortality has been reported at 4% to14%.56, 

59, 257, 258  In a geriatric unit based study, where a sudden increase in the incidence of 

CDAD had occurred following a 20-fold increase in the use of cefotaxime, Impallomeni 

et al.3 reported 42% mortality.  From national UK data, the mortality rate of patients 

from 109 hospital CDAD outbreaks was estimated at 2.5%.224   

 

Studies that matched controls to CDAD cases on factors such as age, gender and 

underlying illness have presented conflicting results.  In a study of 88 CDAD cases aged 

above 60 years, matched to 176 controls on age, gender, admitting diagnosis and 

underlying disease, 21% of cases died compared to only 7% of controls, although 

CDAD was not quoted as the cause of death for any of the cases.259  Lesna and 

Parham260 noted that 62% of cases died compared to 18% of controls in a study that 

matched only on age and gender and did not adjust for underlying illness.  MacGowan 

et al.261 matched on age and found no difference in the mortality rate between CDAD 

patients and controls (both 25%) in a study of patients admitted to hospital with 

community-acquired respiratory tract infections.     
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Recently, Kyne et al.262 reported that CDAD was not an independent predictor of 

mortality, despite finding a higher mortality in CDAD patients (48%) compared to 

patients who did not develop CDAD (22%).  Using Cox proportional hazards regression 

analysis to adjust for age, race, comorbidity score (Charlson Index), disease severity 

(Horn’s Index) and other covariates, the adjusted Hazard ratio for CDAD was 0.83 

(95% CI=0.44-1.55).  From this analysis, predictors of mortality were age, comorbidity 

score and severity score.  This study consisted of 271 patients, of which only 40 were 

CDAD cases, and included 14 variables in the analysis. Therefore, this study may have 

lacked statistical power.  Further studies using regression analysis are required to clarify 

the relationship between mortality and CDAD.    

 

Increased length of stay and costs 

 

Several studies using matched cases and controls have reported an increased LOS and 

an increased financial burden to the hospital for patients who have a hospital admission 

complicated by CDAD.4, 259, 261, 263  Riley et al.4 estimated costs associated with 

additional LOS averaging 18 days for CDAD cases to be A$1.25m per year.  In a UK 

study, additional costs that consisted of LOS, antibiotic treatment, laboratory tests and 

X-rays were estimated to average £4107 per patient.263 

 

In the study by Kyne et al.262 described previously, CDAD and disease severity (Horns 

index) were independent predictors of LOS after adjusting for age, gender, race, co-

morbidity score (Charlson index) and admitting diagnosis.  The adjusted LOS for 

CDAD patients was 10.2 days compared to 3.6 days for controls.  This study also 

calculated the average hospital cost for CDAD patients to be US$10,489 compared to 

US$6820 for controls after adjusting for age, gender, race, comorbidity score and 

admitting diagnoses.  Underlying disease severity was also an independent predictor of 

cost. 

 

Vancomycin-resistant enterococci 

 

The rapid emergence of vancomycin-resistant enterococci (VRE) in the USA and 

Europe since 1988 has been attributed to increased clinical use of vancomycin and the 
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use of the glycopeptide avoparcin as a feed supplement in the animal industry, resulting 

in colonisation of animals with VRE and transmission to humans via the food chain.264  

Enterococci are inherently more resistant to antibiotics such as penicillins, 

cephalosporins, clindamycin, aminoglycosides and the quinolones.  Increased use of 

antibiotics such as the cephalosporins, and the association of cephalosporins with 

nosocomial enterococcal infection, suggests these antibiotics have helped drive the 

emergence of VRE.264  C.difficile infection has also been reported as a risk factor for 

VRE bacteraemia and enteric carriage of VRE.265-267  Poduval et al.268 found C.difficile 

coinfection was common in patients with VRE infection or colonisation, but not 

predictive of VRE infection versus colonisation.  However, risk factors for nosocomial 

colonisation and infection with VRE and C.difficile, as well as other important 

nosocomial pathogens, are remarkably similar.269 These observations have led to the 

development of VRE screening programmes focused on patients who are tested for 

C.difficile.270-273 

 

Although the use of oral vancomycin for the treatment of CDAD has been suggested as 

a factor in the emergence of VRE, it is the use of intravenous vancomycin that 

contributes to the risk of VRE colonisation and infection.274  However metronidazole, 

the recommended antimicrobial for treatment of mild to moderate cases of CDAD, also 

increases the risk of VRE colonisation or infection.274  It appears likely that the increase 

of CDAD in recent years itself has not driven the rise of VRE in hospitals, but the 

increased use of antimicrobials that are risk factors for both of these infections, in 

addition to other risk factors, such as age, length of stay, and severity of underlying 

disease, have contributed to the increase of all nosocomial infections. 

 

2.3.4 Prevention and Control 
 

Prevention and control of CDAD in hospitals is generally composed of two 

components: interruption of transmission of C.difficile through infection control 

strategies, such as enteric precautions when dealing with patients with diarrhoea, and 

restricted use of antibiotics.  Treatment of infection is most commonly with 

metronidazole, however, vancomycin is still used for severe disease.  In many cases 

withdrawal of the suspected inciting antibiotic is enough.  New developments include 
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the use of probiotics, both for primary and tertiary prevention, vaccination against 

C.difficile, and colonisation with nontoxigenic C.difficile strains. 

 

Primary (the prevention of patients becoming susceptible to infection) and secondary 

prevention (limiting cross-infection) involve the co-ordination of infection control 

procedures and antimicrobial use.  Many facilities have routine infection control 

procedures that primarily include handwashing, both by staff and patients, education of 

staff and patients in infection control, and adequate cleaning of the hospital 

environment.238  Although routine infection control strategies are important for primary 

prevention, infection control strategies prove most effective in limiting cross-infection 

and preventing new cases.  Johnson et al.275 reduced the incidence of CDAD from 7.7 

cases/1000 patient discharges to 1.5/1000 after introducing the use of disposable vinyl 

gloves by staff for all body substance contact.  Reductions in incidence have also been 

found when either disposable rectal thermometers or tympanic thermometers have been 

used.276, 277  Aggressive infection control programmes that included isolation of patients, 

education of staff, attention to handwashing and environmental cleaning, and enhanced 

surveillance activities have successfully reduced CDAD in some facilities.10, 278 

However, other investigators have found infection control measures to be ineffective in 

reducing CDAD.  Several outbreaks were only controlled after the restriction of 

antimicrobial use despite aggressive infection control procedures that included isolation 

of CDAD patients in private rooms, barrier precautions, handwashing and glove use.201, 

230, 232 Conversely, others have found that abandoning isolation of patients during 

endemic periods, when antibiotic use remained constant, did not lead to an increase in 

cases.279 

 

In addition to the control of outbreaks, reduction in the occurrence of high endemic 

CDAD has been reported from several sources after changes to antimicrobial 

prescribing patterns.  Over a 2-year period, Stone et al.233 restricted overall 

cephalosporin use in an acute elderly care unit.  Prior to the introduction of the policy, 

the incidence of CDAD was 3.83 cases/100 admissions and cephalosporin use was 20 

notional 7-day courses/100 admissions.  For the two years after the policy was 

introduced, the incidence of CDAD fell to 0.91 cases/100 admissions and cephalosporin 

use fell to 6 notional 7-day courses/100 admissions.  When the policy was relaxed rates 
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of CDAD and cephalosporin use rose.  Others reported successful control of CDAD 

after restricting cefuroxime, a 2nd generation cephalosporin.231, 232  Two studies have 

found that restricting 3rd generation cephalosporin use significantly reduced the 

incidence of CDAD.2, 3  However, these reports have come from studies of inpatients of 

elderly care units who are at high risk for CDAD, for example.  There have been no 

reports about whether hospital-wide policies are effective at managing endemic CDAD 

generally, rather than focusing on particular subgroups where management of 

antibiotics can be more easily controlled. 

 

It has been suggested that infection control procedures are less effective in controlling 

sporadic CDAD because spread between patients is less relevant in endemic situations 

where a variety of strains are isolated from both the hospital environment and 

patients.280  However, the success of antibiotic restriction over infection control 

measures during outbreaks indicates this is not so clear cut.  Infection control may be 

most effective where small clusters of cases occur,10 however, in large outbreaks the 

burden of disease may be too great to be rapidly curtailed by infection control practices.  

Preventing or reducing the risk of patients becoming susceptible to colonisation and 

infection with C.difficile is best achieved by restricting antibiotics known to be 

associated with nosocomial acquisition. 

 

Prevention of susceptibility to infection with C.difficile has led to research on vaccine 

development.  Most work has been undertaken in animal models of C.difficile infection 

using vaccination with C.difficile toxoid (either A or a mixture of A and B) or passive 

immunisation with bovine IgG specific for C.difficile toxins.281-284  In humans, a recent 

phase I trial of C.difficile vaccine containing toxoids A and B elicited strong serum 

antibody responses in more than 90% of participants.285  Further trials are anticipated to 

evaluate the efficacy of C.difficile vaccines for primary prevention of CDAD.  A recent 

study reported orally administered bovine immunogloglulin concentrate-C.difficile 

(BIC-C) survives digestion in the upper gastrointestinal tract so that active BIC-C is 

delivered to the colon in high levels.286  This approach may be effective as a non-

antibiotic approach to treatment of patients with CDAD and prevention of recurrent 

CDAD by increasing IgG levels in the gut of a group patients that often have low serum 

IgG.  
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Other efforts to reduce the risk of infection with CDAD have involved the prophylactic 

use of probiotics such as the yeast Saccharomyces boulardii, and lactobacilli.  

Lactobacillus casei strain GG is effective in the prevention and treatment of AAD, 

however, most of these studies have been small.287  In a randomized trial of S.boulardii 

versus placebo given to patients concurrently with antibiotics, Surawicz et al.288 found 

22% of patients receiving the placebo developed diarrhoea compared to only 9.5% of 

patients receiving S.boulardii.  However, the difference between those receiving 

placebo and those receiving S.boulardii who developed CDAD was not significant, 

most likely due to the low number of CDAD outcomes obtained.  McFarland et al. 20 

compared the relapse rate in patients with active CDAD who were treated with either 

standard antibiotics plus S.boulardii, or standard antibiotics plus placebo.  The 

recurrence rate was statistically significantly lower for patients treated with S.boulardii, 

but only in patients who had already had recurrent CDAD.  It did not effectively prevent 

recurrence in patients who were enrolled into the study from their initial CDAD 

episode.  Overall, however, the risk of recurrence in patients treated with S.boulardii 

was significantly lower than patients treated with placebo.  Another study reported 

S.boulardii did not prevent diarrhoea or the appearance of C.difficile in stools from a 

group of elderly inpatients randomized to receive S.boulardii or placebo.289  Despite 

similar baseline characteristics between the two groups, this study was small (n=72) and 

only 12 patients developed diarrhoea.  Furthermore, this study has received criticism 

that it did not have a long enough follow-up period to detect CDAD cases.290 

 

Studies using clindamycin or cefoxitin treated hamsters have demonstrated that 

colonisation with nontoxigenic strains of C.difficile prior to challenge with toxigenic 

strains prevents the onset of CDAD.291-293  A recent study found that this colonisation 

was persistant over long periods of time, up to 44 days.293  Subsequent challenge with 

toxigenic C.difficile after this time also failed to produce CDAD, however, the authors 

demonstrated that the colonic flora re-establishes 14 to 20 days after clindamycin 

treatment, thus conferring resistance to infection.  Other studies found hamsters to be 

susceptible to CDAD up to 74 days after clindamycin treatment, thus indicating 

considerable variability in the time to flora re-establishment in the hamster model.292  

Studies in humans are lacking. To date, there has been only one report in the literature 
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describing the successful treatment of two patients with relapsing CDAD as an adjunct 

to treatment with metronidazole and vancomycin.294 

 

For mild or moderate cases of CDAD, often withdrawal of the implicated antibiotic is 

sufficient to resolve the symptoms.  When treatment is necessary, orally administered 

metronidazole or vancomycin are recommended.  Studies comparing metronidazole and 

vancomycin have reported similar cure rates, failure rates, drug intolerance rates and 

relapse rate.64  However, metronidazole is significantly cheaper than vancomycin, and 

because of concerns regarding the relationship between oral vancomycin treatment of 

CDAD and the emergence of VRE, metronidazole is currently recommended for 

treatment.  Other antibiotics such as bacitracin and fusidic acid have been trialed but are 

considered inferior to metronidazole due to their lower cure rates and higher relapse 

rates.295  Management of patients with complications or rare manifestations such as 

acute abdomen or ileus is more difficult.  Often surgical intervention is required for 

patients with toxic megacolon or where colonic perforation is suspected.296 

 

2.4 SUMMARY 
 

CDAD is an important healthcare related infection.  Despite evidence for the occurrence 

of CDAD in the community, it is clear that the major burden of infection is found in 

hospitalised patients.  The increased opportunity for transmission of C.difficile and the 

high use of antimicrobial agents provides a suitable niche for the survival and 

propagation of the bacterium.  Despite a large number of studies, evidence for the role 

of risk factors such as antineoplastic agents is scant.  Antibiotics on the other hand are 

commonly implicated as inciting agents of CDAD, and biological evidence exists that 

demonstrates the ability of antibiotics to reduce colonisation resistance of the large 

intestine, particularly antibiotics such as clindamycin and 3rd generation cephalosporins 

that are excreted in high concentrations by the biliary tract.  Gastrointestinal procedures 

such as surgery or the use of nasogastric tubes are commonly associated with CDAD as 

sources of exposure to C.difficile.  

 

In recent years, CDAD has been a growing problem in hospitals throughout the world, 

including several large outbreaks.  Fortunately, due to prompt recognition and 

treatment, mortality directly due to CDAD is low.  However, all-cause mortality is 
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higher for patients who have had CDAD, and is considered an indicator of poor clinical 

prognosis.  Patients who develop CDAD tend to have their admission extended by 

several days which, in addition to the costs of diagnosis and treatment of CDAD, results 

in a significant financial burden for hospitals.  However, only a handful of studies have 

examined the impact of CDAD and the results are variable. 

 

In Sir Charles Gairdner Hospital (SCGH), Western Australia, CDAD was recognised as 

an important healthcare infection in the early 1980s.151  Research on CDAD in SCGH 

has contributed to knowledge regarding the microbiology of C.difficile, in particular the 

laboratory diagnosis of the infection,69  and the epidemiology of the illness in the 

hospital population from 1980 through to 1992.1  
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CHAPTER 3: DESCRIPTIVE EPIDEMIOLOGY 
 

CLOSTRIDIUM DIFFICILE INFECTION IN SIR CHARLES GAIRDNER 

HOSPITAL, PERTH: 1993-2000 

 

 

 

 

 

3.1 INTRODUCTION 
 

This chapter reports a descriptive analysis of the characteristics of C.difficile infection 

in Sir Charles Gairdner Hospital (SCGH) over a period of eight years. This chapter 

updates and contributes to previously published data from SCGH.1  Between 1983 and 

1992, the incidence of C.difficile infection increased from approximately 20 cases per 

100,000 patient days in 1983 to 50 cases per 100,000 patient days in 1987, and 

remained at this level until 1992 (Figure 3.1).  This increase was found to correlate with 

an increased use of 3rd generation cephalosporin antibiotics in the hospital (see Figure 

3.1).  

 

This chapter examines the characteristics of patients with C.difficile diagnosed from 

1993 to 2000, and patterns of 3rd generation cephalosporin use in light of changes to 

prescribing practices for this family of antibiotics during the study period. 
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Figure 3.1: Epidemiology of CDAD at SCGH, 1983-1992 and its relationship to 3rd 
generation cephalosporin use. 

 

 
 
 

Adapted from Riley TV et al.,(1994) Epidemiology and Infection, 113:13-20 

 

 

3.2 METHODS 
 
3.2.1 Setting 
 

SCGH is a 560-bed urban public teaching hospital that admits approximately 56,000 

patients annually, with 300,000 outpatient and 35,000 emergency department visits 

annually.  It is the state referral centre for neurosurgery, liver transplantation, complex 

radiotherapy, and exotic infections. 

 

3.2.2 Sources of data 
 

Microbiology data 

 

The Western Australian Centre for Pathology and Medical Research (PathCentre) 

provides on-site microbiology services to SCGH.  All SCGH inpatients in whom 

C.difficile was detected, from January 1993 to December 2000, were identified 

retrospectively from the computerised laboratory database.  The data extracted consisted 

of a patient identifier (UMRN), specimen identification number, date requested, date 

entered into system, cytotoxin detection, and culture result.  Information on the number 
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of investigations for C.difficile performed by the laboratory was also extracted to assess 

changes in the rate of testing. 

 

Demographic data 

 

Data was obtained from the hospital’s computerised patient account information system, 

TOPAS (The Open Patient Administration System).  TOPAS records summary 

discharge data for all inpatient episodes using the International Classification of 

Diseases codes (ICD-9-CM, ICD-10-AM from July 1999).  Western Australian public 

hospitals use a unique Unit Medical Record Number (UMRN) that can be used to 

identify and match individual patient data from different sources.  The date of birth, 

gender, dates of admission and discharge of the patients identified from the laboratory 

database were extracted from TOPAS and matched to the laboratory data using the 

UMRN, specimen dates and admission date.  Denominators for incidence calculations 

were also obtained from TOPAS and the Hospital Morbidity Data System, (Department 

of Health, Western Australia).  

 

Pharmacy data 

 

Information regarding hospital use of 3rd generation cephalosporins (ceftazidime, 

cefotaxime, ceftriaxone) from 1993 to 2000 was obtained from the hospital pharmacy as 

gram amounts dispensed.  In addition, data for other injectable antibiotics that consisted 

of 4th generation cephalosporins (cefepime, cefpirome), ciprofloxacin, meropenem and 

ticarcillin-clavulanate was available for the period 1997 to 2000.   

 

3.2.3 Data analysis 
 

CDAD cases were defined as having a positive laboratory test, either direct faecal 

cytotoxin in VERO cells, or culture of C.difficile on cycloserine, cefoxitin and fructose 

agar (CCFA).  Patients were only counted once each year.  Stool samples from SCGH 

were tested for C.difficile based on restricted criteria67 that is, if they fulfilled one or 

more of the following criteria: (i) stools were loose or watery, (ii) red or white cells 

were present on microscopy, (iii) there was a history of antibiotic use, (iv) there was a 
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history of inflammatory bowel disease.  In addition, all patients who developed 

diarrhoea after 48 hours as inpatients were investigated for C.difficile.297  

 

The crude incidence rate of CDAD in the total hospital population for each year, from 

1993 to 2000, was calculated as the ratio of the annual number of CDAD cases to the 

number of patient discharges per year.  An alternative denominator, the number of 

‘occupied bed days’ (OBDs) per year, was used to calculate the incidence density that 

incorporated changes to length of stay (LOS) over time.298  OBDs were calculated as the 

arithmetic difference between the ‘in event date’ (admission, transfer-in) and the ‘out 

event date’ (separation, transfer-out) and is equivalent to the number of ‘inpatient days’.  

In the remainder of this thesis, the use of inpatient days, or patient days, will refer to this 

measure. 

 

Overall age- and gender-specific incidence rates were calculated for the study period, 

and the age- and gender-adjusted annual incidence rates were determined using direct 

standardisation against the Western Australian 1998 population. Confidence intervals 

for individual rates were obtained using single proportion estimates.  Confidence 

intervals for the age- and gender-adjusted rates were calculated using the weighted 

Poisson method.299  To test for differences between rates, the z-score for two 

proportions was used.300 

 

The annual rate of laboratory testing for C.difficile was calculated as the proportion of 

all faecal samples from patients admitted to the study hospital investigated for 

C.difficile.  This rate was calculated for each year between 1993 and 2000 and changes 

in rate over time were tested using the χ2 test for trend.300 

 

3.3 RESULTS 
 

3.3.1 Diagnosis of C.difficile  
 

A total of 987 stool samples that tested positive for C.difficile by cytotoxin or culture 

were obtained from 773 patients from 1993 to 2000.  The breakdown of patients that 
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were diagnosed by cytotoxin, culture of a cytotoxigenic strain, or culture of a non-

cytotoxigenic strain is presented in Table 3.1. 

 
Table 3.1: Diagnosis of C.difficile infection by type of diagnostic test 

 

Year Patients 
Cytotoxin + 

(%) 

Cytotoxin -

/toxigenic culture 

(%) 

Cytotoxin -

/nontoxigenic culture 

(%) 

Culture positive only 

(toxigenicity of culture not 

tested) (%) 

      

1993 119 60 (50) 10 (8) 5 (4) 44 (37) 

1994 105 60 (57) 14 (13) 23 (22) 8 (8) 

1995 96 69 (72) 9 (9) 18 (19) 0 

1996 128 59 (46) 23 (18) 44 (34) 2 (2) 

1997 117 52 (44) 4 (4) 22 (19) 39 (33) 

1998 117 46 (39) 0 0 71 (61) 

1999 50 37 (74) 0 0 13 (26) 

2000 41 36 (88) 0 0 5 (12) 

      

 

 

From 1993 to 1996 it is clear that cytotoxin testing of C.difficile cultures (columns four 

and five in Table 3.1) was regularly performed in addition to direct cytotoxin testing of 

faecal specimens.  A toxigenic strain of C.difficile was identified in 60 % to 80% of all 

patients with C.difficile diagnosed over this period.  From 1997 cytotoxin testing of 

cultures decreased and was no longer performed from 1998.  Due to this, only 40% of 

C.difficile patients were identified with a toxigenic strain in 1997 and 1998.  

Interestingly, from 1999 cytotoxin testing alone diagnosed C.difficile infection in 74-

90% of C.difficile patients. 

 

From 1993 to 1995, the annual laboratory testing rate for C.difficile infection was stable 

at 96%, dropping to 92% in 1996.  The testing rate fluctuated between 92% and 95% 

between 1996 and 1999, falling again to 88% in 2000.  The overall decrease in testing 

rate observed from 1993 to 2000 was statistically significant (χ2
trend = 17.0, p < 0.0001). 
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3.3.2 Features of C.difficile positive patients 
 

The age and gender distribution of the 773 cases is shown in Figure 3.2.  The overall 

female to male ratio of cases for the 8-year study period was 1.33:1 (56.8% were 

female).  The ratios of females to males in various age groups were: <20 years, 0.73:1; 

20-29 years, 1.27:1; 30-39 years, 1.62:1; 40-49 years, 1.03:1; 50-59 years, 0.93:1; 60-69 

years, 1.08:1; 70-79 years, 1.18:1; ≥80 years, 2.58:1.  In particular patients in the ≥80 

year-old age group were predominantly female, and the 30-39 years group consisted of 

slightly more women than men.  More than 60% of patients were aged ≥60 years. 

 

Figure 3.2: Age and gender distribution of CDAD cases (%), SCGH, 1993-2000 
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The overall incidence rate for the CDAD cohort was 1.88 cases/1000 discharges (95% 

CI=1.75-2.01).  Females had a higher overall rate during the study period of 2.14/1000 

discharges (95% CI=1.94-2.34) compared to 1.60/1000 discharges (95% CI=1.43-1.78) 

for males, a statistically significant difference (z=3.99, p<0.0001; one-tailed).  In 

general, the incidence rate was higher in patients aged 60 years or older, 2.34 

cases/1000 discharges (95% CI=2.15-2.57), compared to 1.39 discharges/1000 

discharges (95% CI=1.23-1.55) for patients less than 60 years old (z=7.18, p<0.0001 

one-tailed).  This division was used to calculate the adjusted incidence rate because 
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there was insufficient data to adjust for age and gender using smaller age groups.  

Figure 3.3 shows the age and gender-specific rate per 1000 discharges.  The incidence 

rate for both males and females increased after 60 years old, but females aged over 80 

years old had the highest rate of 5.17/1000 discharges (95% CI=4.26-6.08). 

 

Figure 3.3: Age and gender-specific incidence of CDAD, SCGH 1993-2000. 
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The annual crude incidence rate, the age-gender adjusted rate, and the LOS adjusted 

incidence density from 1993 to 2000 are presented in Figure 3.4.  Each of these showed 

similar trends over the study period.  Fluctuations in both the crude incidence rate and 

age-gender adjusted rate were observed from 1993 to 1998 but were not statistically 

significant, as indicated by the overlapping 95% CIs.  A statistically significant decline 

in the annual rate from 2.09/1000 discharges (95% CI=1.71-2.47) in 1998 to 0.87/1000 

discharges (95% CI=0.63-1.11) in 1999 (z=5.327, p<0.0001) was observed.  This 

decline persisted into 2000 with a rate of 0.70/1000 discharges (95% CI=0.46-0.91).  

The age and gender adjusted rate fell similarly, from 1.83/1000 discharges (95% 

CI=1.19-2.57) to 0.67/1000 discharges in 1999 (95% CI=0.30-1.13, z=33, p<0.0001, 

one-tailed).  
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Figure 3.4: Annual incidence of CDAD in SCGH 1993 to 2000 
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3.3.3 Antibiotic use in SCGH, 1993-2000 
 

Figure 3.5 shows the annual individual and total 3rd generation cephalosporin use in 

grams from 1993 to 2000.  Data was incomplete for 1993 (missing 5 months) and 1994 

(missing 1 month).  For these two years, the average monthly amount was determined 

from the available data and used to estimate the annual use.  The overall 3rd generation 

cephalosporin use decreased from 20,000g in 1993 to 1223g in 2000.  Ceftazidime and 

cefotaxime were discontinued in early 1997, and ceftriaxone remained the only 3rd 

generation cephalosporin in use from this time, but also fell dramatically in 1999.  The 

use of other antibiotics, in particular 4th generation cephalosporins, increased between 

1997 and 2000 as 3rd generation cephalosporin use fell (Figure 3.6).  Ticarcillin-

clavulanate fell substantially in 1999 and rose again in 2000. 
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Figure 3.5: 3rd generation cephalosporin use at SCGH, 1993-2000 
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Figure 3.6: The use of other injectable antibiotics at SCGH, 1997-2000 
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 continued use of the same laboratory testing procedures for diagnosis 

f C.difficile infection enabled this analysis to be undertaken from 1993 to 2000. 

 proportions can not 

e explained by differences in the number of admissions between men and women in 

3.4 DISCUSSION 
 

This descriptive study examined patients identified with C.difficile infection from 

laboratory data in SCGH from 1993 to 2000.  An earlier study of C.difficile infection at 

SCGH reported a gradual increase in incidence during the 1980s and a corresponding 

increase in the amount of 3rd generation cephalosporins dispensed by the hospital 

pharmacy.1  The

o

 

The demographics of patients with CDAD remained similar to those described in the 

previous study.  The highest incidence was reported in elderly females and a high ratio 

of female to male cases was observed in the over 80 years age group and, surprisingly, 

the 30-39 year age group.  It is still not clear why more females than males get CDAD.  

There was no difference between the number of female and male admissions for 30-39 

year olds unlike the over 80 year olds where there was a clear excess of female 

admissions.  However, the incidence of CDAD in women aged over 80 years was 

considerably higher than for men, indicating that the difference in

b

this age group. 

 

The results of this study found the incidence of C.difficile infection remained relatively 

stable until 1998 and then decreased significantly in 1999, falling further to 20 

patients/100,000 OBDs in 2000.  Such low rates have not been observed in the hospital 

since 1983.  As was seen in the previous study, the change in incidence coincided with a 

change in 3rd generation cephalosporin use that fell to 1223g by 2000.  Although CDAD 

was initially associated with clindamycin use, like the UK,301 clindamycin is 

infrequently used at SCGH.192  The use of other antibiotics to replace 3rd generation 

cephalosporins, such as 4th generation cephalosporins, increased in response to the 

restriction of 3rd generation cephalosporins during 1999 and 2000.  

 

A statistically significant fall in the laboratory testing rate for C.difficile was observed in 

1999 and 2000 that coincided with the fall in CDAD incidence, however, it is unlikely 

that an 8% fall in the testing rate explains the 50% decrease in incidence.  The testing 
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 shorter hospital 

tays, with fewer patients remaining in hospital long enough to have a specimen 

6,232 in 2000, and the number of multi-

ay admissions also increased, although only slightly, from 21,192 to 22,362.  

otoxin testing has low sensitivity.  Previous work demonstrated that 60% of 

rate for C.difficile for SCGH patients is particularly high, around 90%, based on the 

argument that inpatients who develop diarrhoea should be primarily investigated for 

C.difficile.297  The slight fall in testing rate could have resulted from

s

collected.  Alternatively, shorter hospital stays will reduce the chance of exposure to 

C.difficile, potentially reducing the number of CDAD cases.  The average LOS for 

multi-day stay admissions in the study hospital was 7.9 days in 1996 and had changed 

very little to 7.59 days by 2000.  The number of single day admissions increased 

steadily over this time from 29,686 in 1996 to 3

d

Furthermore, the annual incidence rate was calculated using “inpatient days” that takes 

into account changes in LOS over time.  The trend persisted in the data despite being 

adjusted for LOS.  Therefore, these changes are unlikely explanations for the fall in 

testing rate.  A more plausible explanation for the fall may be the decreased number of 

C.difficile infections occurring in the hospital. 

 

Infection control practices must also be considered in light of change to nosocomial 

infection rates.  In SCGH, standard precautions are used for all patients with diarrhoea.  

This involves transfer to a single room with ensuite facilities and reinforcing hand-

washing advice.  There was no change to this practice during the study period that could 

explain the dramatic fall in CDAD incidence.   

 

A limitation of this analysis is that it measured the total hospital population incidence 

by identifiying all C.difficile positive inpatients through the laboratory database.  

Therefore, community-acquired as well as hospital-acquired infections are included in 

the incidence, which may result in an overestimate of hospital infection.  A second 

limitation, due to the retrospective nature of the study, is that the presence of diarrhoea 

could not be confirmed, and a proportion of patients who tested positive may have been 

asymptomatic carriers.  This proportion is likely to be small however, because specific 

criteria for testing specimens for C.difficile are in place,67, 297 and is reflected in the high 

proportion of positive specimens out of all of those tested.  Finally, patients with 

cytotoxin-negative culture-positive stools were included as CDAD cases because direct 

faecal cyt
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amples negative by direct faecal cytotoxin testing contained cytotoxin-positive 

ecipitated by a change in the hospital’s 

ntibiotic prescribing policy in October 1998 (Appendix 2).  An audit of ceftriaxone use 

ided an economic saving to the hospital.  

he 3rd generation cephalosporins cost the hospital AUS$266,687 at their peak use in 

the 1995-1996 financial year and only AUS$24,035 in the 1999-2000 financial year.  

s

C.difficile after culture.1   From this study, it was clear that testing of C.difficile cultures 

for cytotoxin production ceased during 1997.  Prior to this, up to 20% of patients were 

diagnosed by this method who would otherwise be misdiagnosed based on faecal 

cytotoxin results alone.  The inconsistency with which the laboratory has applied this 

approach during the 1990s reduces the specificity of the case definition because patients 

infected with a non-cytotoxigenic strain cannot be identified.  From the data between 

1994 and 1996, where toxigenic culture was used most consistently, 20-30% of patients 

were diagnosed with a non-cyototoxigenic strain only.  Therefore the results of this 

study may overestimate the true incidence of C.difficile infection by including all 

patients with a positive test result for C.difficile regardless of whether cytotoxin was 

detected. 

 

The fall in ceftriaxone use from 1999 was pr

a

in respiratory patients found that both significant overuse and inappropriate use was 

occurring.  Antibiotic policy was changed to require microbiology approval prior to any 

ceftriaxone use and ward stocks of ceftriaxone could no longer be held except for in the 

Emergency Department and the Intensive Care Unit.  This change resulted in a 

substantial decline in the pharmacy issue of ceftriaxone from 1999.  Ceftriaxone is one 

of the cephalosporins most commonly associated with C.difficile infection.  This is 

thought to be related to high rates of biliary excretion producing high concentrations of 

ceftriaxone in the gut.302   Several epidemiological studies have shown an association 

between ceftriaxone use and C.difficile colonisation303, 304 or CDAD,196, 305, 306 although it 

is not clear whether ceftriaxone is more significantly associated with CDAD than other 

3rd generation cephalosporins.192  

 

Antibiotic prescribing changes were implemented at SCGH due to growing concerns 

regarding 3rd generation cephalosporin resistant organisms, but resulted in a reduction of 

CDAD.  This has several benefits in addition to a decrease in patient morbidity.  The 

fall in 3rd generation cephalosporin use has prov

T
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ycin resistant 

nterococci (VRE)265 has limited the choice of antimicrobial treatment of CDAD to 

metronidazole only.  Thus, with limited treatment choices available, prevention of 

endemic CDAD is of considerable importance. 

 

Other investigators have reported successful control of CDAD following a reduction in 

3rd generation cephalosporin use, although in specific settings.2, 3  These studies, in 

addition to the results presented in this chapter, contribute to a growing body of 

evidence that restricting the use of 3rd generation cephalosporins in hospitals can 

effectively control outbreaks of CDAD and reduce endemic levels of infection.   The 

following chapter explores the relationship between 3rd generation cephalosporin 

consumption and the incidence of CDAD using time series methodology. 

 

However, the cost of replacement antibiotics such as 4th generation cephalosporins and 

ciprofloxacin needs to be considered.  The reduction of CDAD means savings in terms 

of the costs of diagnosis and treatment of the patient, as well as decreased costs that 

would have been incurred through additional stay in the hospital.  Often withdrawal of 

the associated antibiotic is sufficient to resolve an episode of CDAD, however, where 

treatment is required, metronidazole or vancomycin are the antibiotics of choice.  The 

involvement of CDAD in contributing to the emergence of vancom

e
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CHAPTER 4: THIRD GENERATION CEPHALOSPORIN USE AND 
CDAD - A TIME SERIES ANALYSIS 

 

 

 

 

 

 

4.1 INTRODUCTION 
 

In the previous chapter, data was presented that suggested reduced consumption of 3rd 

generation cephalosporin antibiotics contributed to a fall in the incidence of Clostridium 

difficile-associated diarrhoea (CDAD) during 1999 and 2000 at Sir Charles Gairdner 

Hospital (SCGH).  An audit of ceftriaxone use in July 1998 by the hospital's drug use 

evaluation committee, led to the introduction of a hospital-wide policy restricting 

ceftriaxone prescription in October 1998 (Appendix 2).  Subsequent to this, a greater 

than 50% fall in CDAD incidence from 60 to 20 cases/100,000 patient days between 

1998 and 1999 was observed. 

 

Recently there have been several reports of a reduction in the incidence of CDAD after 

changes to antibiotic prescribing patterns.  Several studies have reported reduced CDAD 

following restriction of clindamycin or cephalosporins.201, 230-233 Two studies have 

reported a reduction in CDAD following restricted use of cefotaxime, a 3rd generation 

cephalosporin.2, 3  However, these are descriptive reports only, and no study has 

modelled the relationship of these antibiotics with CDAD. 

 

In order to evaluate statistical relationships over time, such as that between 3rd 

generation cephalosporins and CDAD, time series methodology is required.  Time 
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series analysis describes the stochastic nature of a data series, accounting for the 

variability due to identifiable and seasonal trends, and other autocorrelations in the data 

that would otherwise violate the assumptions of parametric statistical tests.  Previously, 

various time series methods have been used for the purpose of forecasting cases of 

infectious diseases,307, 308 mortality and other outcomes due to infectious diseases,309, 310 

and for describing the relationship between infectious diseases with other factors over 

time.311, 312 

 

Recently, a European collaboration (ViResist) has used time series methods to study the 

relationships between antimicrobial use and the occurrence of antimicrobial-resistant 

organisms in hospitals.  The ViResist group, established in Spain in 1996, collects data 

from several hospitals in various locations, including Spain, France, and the UK.  This 

project to date has published several papers describing relationships between 

antimicrobial use and antimicrobial-resistant organisms.  These include analyses of 

amikacin consumption and amikacin-resistant Pseudomonas aeruginosa,313 ceftazidime 

and ceftazidime-resistant gram-negative bacilli,312 and imipenem use and imipenem 

resistance in Pseudomonas aeruginosa,312 in Spain.  Recently, evidence for changes in 

antimicrobial consumption and the evolution of MRSA in Scotland was presented using 

this approach.314 

  

The time series analysis in this chapter was undertaken in collaboration with the 

VirResist project.  The aim of the chapter was to describe the relationship between 

CDAD and 3rd generation cephalosporin consumption, using time series methodology, 

and also to evaluate the impact of a policy that restricted ceftriaxone use on the 

incidence of CDAD. 

 

4.2 METHODS 
 

As an extension of the descriptive analysis presented in Chapter 3, microbiological 

C.difficile data was obtained from a second Perth hospital that did not have a policy in 

place restricting the use of 3rd generation cephalosporin antibiotics.  A time series 

analysis of the relationship between 3rd generation cephalosporin consumption and 
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CDAD incidence in SCGH was then undertaken using monthly data from the period 

1993 to 2000. 

 

4.2.1 Setting 
 

The study was conducted in two urban public teaching hospitals that used the same 

methods of testing for C.difficile; however they differed with respect to their antibiotic 

prescribing practices for 3rd generation cephalosporins. SCGH that introduced the 

ceftriaxone policy in October 1998, and a control hospital without such a policy.  In 

SCGH, the policy required approval from a clinical microbiologist prior to any use of 

ceftriaxone.  Previously, a 72-hour stop-order policy had been in place for ceftriaxone 

after the cessation of use of cefotaxime and ceftazidime in early 1997, but prior to this 

there was no restriction on the use of 3rd generation cephalosporins.   The demographics 

of SCGH were previously described in Chapter 3.  The control hospital was slightly 

larger than SCGH (855 beds), with approximately 67,000 admissions, 120,000 

outpatient and 44,000 emergency department visits annually.  It has the only specialist 

burns unit in WA, and has a separate site for rehabilitation and spinal injury services.   

 

4.2.2 Data Sources 
 

Microbiology data 

 

CDAD cases were defined as inpatients with a positive laboratory test for C.difficile.  

The microbiology data for C.difficile positive patients described in Chapter 3 for SCGH 

were used for this analysis.    Hospitalised patients that had a positive laboratory test for 

C.difficile were identified from the Department of Microbiology laboratory database 

from the control hospital for the same time period, that is, from January 1993 to 2000.  

CDAD episodes were defined using previously described criteria.  That is a period of 14 

days or less between positive laboratory tests for C.difficile were considered to be part 

of the same episode.227 
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Demographic data 

 

The number of inpatient-days for each month, from January 1993 to December 2000, 

for each hospital was obtained from the Hospital Morbidity Data System (Department 

of Health, WA).   

 

Pharmacy data 

 

Monthly use of 3rd generation cephalosporins, as gram amounts dispensed, for the same 

time period was obtained from the pharmacy at SCGH, as described in Chapter 3.  For 

this analysis, the data were converted to the number of Defined Daily Doses (DDD) per 

month according to the WHO Anatomical Therapeutic Chemical (ATC) classification 

index.315  Antibiotic consumption was expressed as the number of DDD per 1000 

inpatient-days.  Antibiotic data was only available from the control hospital as the 

annual amount spent on 3rd generation cephalosporins (AUS$) and therefore could only 

provide an indication of the level of use precluding any time series modelling. 

 

4.2.3 Data analysis 
 

Descriptive epidemiology 

 

The monthly incidence density of CDAD in each hospital was expressed as the number 

of positive C.difficile episodes/1000 inpatient-days.  Ninety-five percent confidence 

intervals (CI) were calculated using single proportion estimates as described in Section 

3.2.3.  Smoothed series plots using a 3-month moving average transformation were used 

to graphically display the incidence for each hospital from 1993 to 2000. 

 

Time series analysis 

 

In this study, dynamic regression, or polynomial distributed lag (PDL) modelling, was 

chosen to evaluate the relationship between 3rd generation cephalosporin use and the 

incidence of CDAD in SCGH.  In PDL models, the effects of independent variables 

(antibiotic consumption) on the dependent variable (disease incidence) can be 
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described.  The main characteristic of this form of model is that the effect of past 

antibiotic use and past disease incidence on current incidence can be modelled through 

the use of “polynomial lags”.316  The modelling strategy makes use of the econometric 

“general-to-specific” methodology, that is, general models that include many possible 

explaining factors are progressively simplified so that no irrelevant factors remain in the 

model and no relevant factors remain in the unexplained portion of the model.   

 

PDL models for the monthly incidence density of CDAD (the dependent series) and the 

monthly rate of 3rd generation cephalosporin use (the independent series) were 

constructed using Eviews 4.0.317  

 

The first step in the time series modelling was to examine the data series to assess 

whether it was stationary.  That is the series may exhibit trend, drift or seasonal 

variation that must be removed by differencing the series, prior to time series analysis.  

Most commonly a series is differenced by subtracting each datum point from its 

preceding point known as single-lag differencing.  In this study, the dependent series 

and the independent series were assessed for non-stationarity by visual inspection plots 

of the autocorrelationa function (ACF) and partial autocorrelation function (PACF).b In 

addition, the augmented Dickey-Fuller319 and Philips-Perron320 unit root tests were used 

to test for non-stationarity.  Put simply, a null hypothesis on the boundary between 

stationarity and non-stationarity is tested.  That is, the presence of a unit root, the null 

hypothesis, indicates non-stationarity.  The number of significant lags in the ACF plot 

was used to indicate how many lags of the CDAD series were initially included as 

independent variables in the PDL model. 

 

Diagnostic checking of the models consisted of ensuring all significant autocorrelation 

patterns were accounted for, by examination of the residual ACF and PACF plots, and 

the Ljung-Box Q-statistic.318  The cumulative sum (CUSUM) and cumulative sum of 

squares (CUSUMQ) plots of the residuals were examined to locate possible structural 

changes in the model.316  Any possible breaks were then confirmed by applying the 

 
a Correlations between the value of a time series point and its lagged values.318 
b Correlations between the value of a time series point and its lagged values with the partialling out of the 

effects of intervening lags.318 
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Chow parameter stability test.321  The goodness of fit of the model was estimated using 

the determination coefficient (R2).321 

 

4.3 RESULTS 
 

4.3.1 Descriptive epidemiology 
 

The smoothed series plots of the monthly CDAD incidence density in both hospitals, 

and unsmoothed 3rd generation cephalosporin use in SCGH, from January 1993 to 

December 2000 are illustrated in Figure 4.1.  The incidence of CDAD during the pre-

intervention period was 0.61 episodes/1000 inpatient-days (95% CI=0.56-0.65).  During 

the post-intervention period the incidence was 0.28 episodes/1000 inpatient-days (95% 

CI=0.23-0.33).  Third generation cephalosporin consumption fell from 28.95 DDD/1000 

inpatient-days (95% CI=28.63-29.26) prior to October 1998 to 3.29 DDD/1000 

inpatient-days (95% CI=3.12-3.46) after the policy was introduced. 

 

In the control hospital, the incidence density of CDAD during the pre-intervention 

period was 0.64 episodes/1000 inpatient-days (95% CI=0.60-0.69).  By comparison, 

there was no change to the incidence of CDAD in the control hospital for the October 

1998 to December 2000 period (0.70/1000 inpatient-days, 95% CI=0.62-0.78).  The 

amount spent on 3rd generation cephalosporins in the control hospital changed only 

slightly, from $368,431 in the 1993-94 financial year to $305,080 in the 1999-2000 

financial year, with peak expenditure in 1996-1997 of $443,074 (Figure 4.2).  The cost 

of 3rd generation cephalosporin use in the study hospital for the 1999-2000 financial 

year was only $24,035.  During peak use of 3rd generation cephalosporins in 1993, the 

amount spent was similar to that of the control hospital during the 1999-2000 period at 

$342,983. 

 



   

Figure 4.1: CDAD incidence (both hospitals, smoothed) and 3rd generation cephalosporin use (SCGH, unsmoothed) 1993 to 2000. 
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Figure 4.2: Annual expenditure on 3rd generation cephalosporin antibiotics 
($AUS) 
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4.3.2 Time series analysis 
 

PDL modelling was undertaken for the period March 1994 to December 2000 due to 

missing data for 3rd generation cephalosporin use in 1993 and 1994.  Overall 3rd 

generation cephalosporin consumption was included as a single independent variable.  

Examination of the ACF and PACF plots of the CDAD and 3rd generation 

cephalosporin series indicated that neither series required differencing (Figure 4.3).   
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Figure 4.3: Autocorrelation and Partial autocorrelation plots for the CDAD and 3rd 
generation cephalosporin series, March 1994-December 2000 

 

 CDAD 3rd generation cephalosporin 
     

Lag ACF PACF ACF PACF 

     
1        . |***             . |***                 .  |**********            .  |********** 
2        . |***            . |**                .  |*********   .  |**          
3       . |**             . |*.                 .  |*********  .  | .          
4         . |***            . |**                .  |********    .  |**          
5         . |***            . |*.                .  |********    .  |*.          
6       . |*.           **| .                .  |********   .  | .          
7       . |*.            . | .                 . |********    .  | .          
8        . |**             . |**               .  |*******     .  | .          
9        . |**            .*| .               .  |*******    . *| .          

10       . | .            **| .               .  |******     **| .          
11       . |*.              . |**               .  |******      .  | .          
12       . | .            .*| .               .  |******      .  | .          
13       . |**            . | .              .  |*****       **| .          
14       . | .            . | .              .  |*****        .  | .          
15       . | .            . | .             .  |****         .  | .          
16       . | .            . | .             .  |****        .**| .          
17       . | .                      .*| .            .  |***         .**| .          
18       . | .            . |*.           .  |**            .  |**          
19       . | .            . | .           .  |**                        . | .          
20       . | .            . | .           .  |**           . *| .          
21       . | .            .*| .           .  |*.            .  | .          
22       . | .             . | .           .  |*.            .  | .          
23       . | .             . | .           .  |*.            .  | .          
24       . | .            .*| .           .  | .            . *| .          
25       .*| .             . | .           . *| .            . *| .          
     

 
NB. The dots on either side of the dashed line at each lag represent 95% confidence intervals 

 

 

From Figure 4.3, the ACF plot for the CDAD series revealed 8 significant lags.  The 

ACF plot for the 3rd generation cephalosporin series exhibited an exponential decay 

characteristic of an autoregressive series, confirmed by the single significant lag of the 

order of 1 on the PACF plot.  Furthermore, unit roots were not detected using the 

augmented Dickey Fuller (ADF = -5.74, 5% critical value = -2.90) and Philips Peron 

tests (PP = -5.77, 5% critical value = -2.90). 

 

Two outliers were identified at August 1995 and September 1996 from the unsmoothed 

graph of the CDAD series (Appendix 3).  These outliers were accounted for by 
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including two dummy variables in the model coded as “1” for the outlier month and “0” 

for all other months.  Up to 8 lags of the independent variables were included in the 

initial PDL models.  Unnecessary lags were gradually reduced by systematically 

eliminating statistically insignificant lags. 

 

The output for the final model of the relationship between 3rd generation cephalosporins 

and CDAD is presented in Table 4.1.  The incidence of CDAD observed in one month 

was related to (1) the incidence of CDAD four months previously, and (2) the 

consumption of 3rd generation cephalosporin antibiotics during the same month.  From 

Table 4.1, the estimated coefficients indicate by how much monthly CDAD incidence is 

expected to vary in response to a one-unit increase in the corresponding variable when 

all other variables are held constant.  Therefore, if 3rd generation cephalosporin use 

increased by 1DDD/1000 inpatient-days in a particular month, an average increase in 

0.013 CDAD episodes/1000 inpatient-days could be expected in that same month.  The 

determination coefficient for the model was 0.616, that is, the model explained 62% of 

the variability in the monthly CDAD incidence.  In this model, no statistically 

significant lags were found in the residual ACF and PACF plots, and no lags had a 

statistically significant Q statistic (Appendix 4).  Therefore, it was concluded that the 

residuals did not differ significantly from white noise. 

 

Two structural changes were identified in the model.  Firstly, a shift in CDAD took 

place in September 1997 and, secondly, a substantial change in the influence of 3rd 

generation cephalosporins on CDAD occurred in August 1998.  Prior to August 1998, 

3rd generation cephalosporin use had a positive relationship with CDAD; afterwards this 

effect was cancelled.   The econometric results indicated that when consumption of 3rd 

generation cephalosporins fell as a result of the policy, the impact on CDAD was 

reduced so much that a relationship between 3rd generation cephalosporins and CDAD 

was no longer statistically detectable (Table 4.1). 
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Table 4.1: Polynomial distributed lag model for CDAD incidence and 3rd 
generation cephalosporin consumption, March 1994 - December 2000. 

 

Independent variable Lag (months) Coefficient Standard error Probability 

     

Past CDAD 4 0.304 0.078 0.000 

3rd generation cephalosporin use 0 0.013 0.002 0.000 

Structural change (9/97) 0 0.224 0.036 0.000 

Structural change (8/98)-3rd 

generation cephalosporin interaction 

0 -0.018 0.004 0.000 

     

 

 

4.4 DISCUSSION 
 

Time series analysis was used to describe the temporal relationship between 3rd 

generation cephalosporin use and the incidence of CDAD in a public teaching hospital, 

and to evaluate the impact of the restriction of the use of 3rd generation cephalosporin 

antibiotics in the hospital.   

 

Descriptive data showed CDAD incidence fell 50% in response to a greater than 80% 

fall in the use of 3rd generation cephalosporins in the study hospital after the 

introduction of a restrictive prescribing policy.  By contrast, the incidence of CDAD did 

not change during the entire study period in a control hospital that had not restricted 3rd 

generation cephalosporin use. 

 

Using dynamic regression, an increase in 1.0 DDD/1000 inpatient-days produced, on 

average, a change of 0.013 CDAD episodes/1000 inpatient-days in the same month.  

Past incidence of CDAD was also related to current CDAD, but the effect of a change in 

the incidence in one month was not produced until four months later.  Explanations for 

this are not clear, however, a four-month lag such as this relates to data from the 

preceding quarter and therefore may indicate some seasonal variation.  The model also 

identified a structural change that occurred in the relationship between 3rd generation 
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cephalosporin consumption and CDAD incidence from August 1998, not October 1998 

as expected.  From the graph in Figure 1, it is apparent that 3rd generation cephalosporin 

consumption did start to fall around August 1998, 2 months prior to the policy 

introduction.   The audit of ceftriaxone consumption undertaken in the study hospital 

during July 1998 that led to the introduction of the policy in October may have 

influenced subsequent use of ceftriaxone before the policy was introduced. 

 

Although this study is limited by lack of complete data on 3rd generation cephalosporin 

use at the control hospital, the annual spending on 3rd generation cephalosporins reflects 

continued, high use of these antibiotics by the hospital.  During the period of the study, 

ceftriaxone was the only 3rd generation cephalosporin in use from early 1997 in SCGH 

after ceftazidime and cefotaxime were discontinued.  Furthermore, a 72-hour stop-order 

policy was introduced for ceftriaxone at the same time.  However these changes did not 

manifest as a structural change in the PDL model.  In the control hospital both 

ceftriaxone and cefotaxime were used during the study period, but cefotaxime 

expenditure gradually declined and ceftriaxone accounted for 90% of 3rd generation 

cephalosporin use from 1997.  Based on expenditure data, the control hospital 

maintained high spending on 3rd generation cephalosporins that, although decreased 

during the 1990s, was still at a level similar to peak expenditure by SCGH in the early 

1990s. 

 

Clindamycin restriction has previously been shown to effectively reduce CDAD in 

hospitals.201, 230  Data on trends in clindamycin use are sparse, but there is evidence that 

it is no longer in common use both in the study hospital,192 and elsewhere.226, 228, 301  By 

contrast, reliance on 3rd generation cephalosporins during the 1980s and 1990s in SCGH 

increased, which contributed to an increased incidence of CDAD during this time.1  

Therefore, a reduction in CDAD after the restriction in the use of 3rd generation 

cephalosporins is not surprising, and similar observations have been reported by 

others.2, 3  The demonstration in this study that the relationship between 3rd generation 

cephalosporins and CDAD is confined to within the same month is a clinically plausible 

observation.  Reduction in 3rd generation cephalosporin use is likely to reduce the 

susceptibility of patients to infection with C.difficile, rather than driving microbial 
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properties, as seen with the relationship between antibiotics and antibiotic-resistant 

organisms, where lags of several months have been reported.314 

 

Limitations of this study include the potential for differences in case ascertainment 

between the two hospitals, the lack of comparability of the hospitals due to differences 

in case-mix, and migration between groups.  Although both hospitals use the same 

laboratory tests, and have similar testing criteria, trends are being examined rather than 

direct rate comparisons, therefore case ascertainment and case-mix issues are of lesser 

importance.  It is likely that migration between the two hospital populations occurs, 

because both are major public hospitals with unique specialisations.  A few patients 

may have been exposed to 3rd generation cephalosporins then transferred to the other 

hospital where CDAD was subsequently diagnosed, but this number is likely to be too 

small to seriously affect the findings of this study, given the magnitude of the difference 

between the study and control hospital.  A final limitation exists due to the retrospective 

identification of patients with positive C.difficile laboratory tests without confirmation 

of diarrhoea.  However, specific criteria for testing specimens for C.difficile are in place 

in both hospitals that should minimise the proportion tested that are asymptomatic 

carriers.67, 297 

 

Potential alternative explanations for the fall in CDAD incidence at the study hospital 

include changes to infection control procedures, a fall in case ascertainment due to 

either changes in testing criteria and/or diagnostic tests used, or a fall in patient length 

of stay.  However, variation in incidence due to other systematic factors not included in 

the model would be identified during the modelling process as a structural change or in 

the form of autocorrelation of the residuals.  An unexplained shift in CDAD that 

resulted in an increase in incidence for several months was detected in September 1997 

that may be attributed, in part, to these or other unknown factors.  In the final model 

presented here, the residuals are uncorrelated and all the statistically significant 

structural changes have been taken into account. 

 

The results from this study indicate that in settings where 3rd generation cephalosporin 

consumption is high, reduction in the use of these antibiotics, via policies aimed at 

prescription restriction, effectively reduces the occurrence of CDAD in hospitals.  
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Although others have reported similar observations for both cephalosporins and 

clindamycin, this is the first study to evaluate such a policy by exploring the 

relationship of antibiotics with CDAD using time series models.  Most importantly, this 

study was able to quantify the nature of the relationship between 3rd generation 

cephalosporin consumption and CDAD using ecologic level data.  In Chapter 6, this 

relationship is explored further, at the individual level, using an analytical 

epidemiological study.  In the next chapter, evidence for a causal role of antibiotics in 

CDAD from epidemiological studies is reviewed. 
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CHAPTER 5: ANTIBIOTICS AND HOSPITAL-ACQUIRED CDAD - 
A SYSTEMATIC REVIEW. 

 

 

 

 

 

5.1 INTRODUCTION 
 

This chapter describes a systematic review of studies that investigated the association of 

antibiotics with hospital-acquired Clostridium difficile-associated diarrhoea (CDAD).  

Antibiotics are believed to be the most important risk factor for CDAD by reducing 

'colonisation resistance' of the bowel allowing subsequent colonisation and infection 

with C.difficile.46  Despite publication of numerous articles implicating almost all 

antibiotics with CDAD in hospitalised patients, it is still not clearly understood which 

antibiotics, or antibiotic classes, in particular are important and how these interact with 

other risk factors. 

 

Many narrative reviews of the subject have been published in recent years, however, 

only one systematic review that included a meta-analysis of the data has been 

published.322  In that review only data from univariate analyses were pooled.  The 

highest pooled odds ratios (OR) were reported for cefotaxime and ceftazidime (both 3rd 

generation cephalosporins), and amoxicillin-clavulanate that were all greater than 20.  

Several other antibiotics including quinolones, clindamycin, aminoglycosides and anti-

pseudomonal penicillins had pooled ORs between 5 and 10, and weaker associations 

were seen for 1st generation cephalosporins and other penicillins.  From studies that 

included a multivariate analysis, independent associations with CDAD were seen for 

ceftazidime, pristinamycin, cefuroxime, clindamycin, and quinolones.  However, lack of 



  Chapter 5 

 

 

71 

precision in some of the multivariate effect estimates was evident from the wide 95% 

confidence intervals (CI).  Furthermore, it was noted in this review that most of the 

studies were small, indicating that the quality of CDAD epidemiological studies may be 

questionable. 

 

The pooling of data from observational studies of low internal validity can produce 

spurious results, particularly if bias and confounding are present.  Unlike clinical trials, 

where there is less variability between results from studies due to the use of relatively 

homogenous study populations and carefully controlled exposure to the trial drug, the 

association reported from observational studies may vary from the true association due 

to chance, effects of confounding, and the presence of bias.  Discrepant results were 

recently demonstrated for pooled results from observational studies compared to 

randomised trials of the relationship between ß carotene intake and cardiovascular 

mortality.323  Results from observational studies produced a pooled result that indicated 

ß carotene intake was related to reduced mortality, but clinical trial results showed an 

increased risk of death.  The authors concluded that pooled results from observational 

studies may merely tighten confidence intervals around spurious results. 

 

Therefore, meta-analyses of observational studies should only be undertaken after 

careful consideration of sources of heterogeneity.  Systematic methodology, however, 

should be used when undertaking reviews of epidemiological studies.324  The aim of this 

chapter, therefore, was to conduct a systematic review of epidemiological studies in 

order to determine the validity of reported associations of antibiotics with CDAD, and 

hence decide whether a statistical combination of the data from these studies could be 

conducted. 

 

5.2 METHODS 
 

All published epidemiological studies that investigated the association between 

antibiotics and hospital-acquired CDAD were identified.  Computerised searches of 

Medline (1966-2001) and Embase (1988-2001) were undertaken and the articles 

identified were downloaded to Endnote version 4.0.325  Search keywords used in the 

extraction were:  
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• Clostridium difficile 

• Human 

• diarrhea or colitis 

• antibiotic or antimicrobial 

• case-control studies, cohort studies, prospective studies or retrospective studies.   

 

Case-reports and descriptive studies were excluded.  Studies that used other CDAD 

cases as a comparison group, for example, mild versus severe cases, single episodes 

versus recurrent CDAD, were also excluded.  Non-English articles were excluded.  

However, their titles and abstracts were reviewed to assess eligibility based on the 

remaining criteria.  Studies were included in the review if they met the following 

criteria:  

 

• measurement of antibiotic use in hospitalised patients as an exposure, 

• an outcome of laboratory confirmed symptomatic CDAD,  

• inclusion of a comparison group without CDAD. 

 

Literature cited in identified articles was examined for further studies.  Assessment of 

the overall quality of the eligible studies was undertaken by critically reviewing each 

study in terms of study design, selection and information bias, confounding, precision, 

and external validity.326  Specific issues listed in Table 5.1 were used as a guide during 

the assessment process.  Quantitative data was extracted from each article; measures of 

association and hypothesis tests were checked using StatCalc in EpiInfo 2000.327  When 

effect estimates were not presented in the article, they were calculated if sufficient raw 

data was supplied.  
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Table 5.1: Guidelines used for the assessment of study quality 

 
 

Study design 

 

• What was the outcome of interest? 

• What were the exposures of interest? 

• Were comparison subjects (non-diseased) selected from the source population? 

• Were case subjects restricted to hospital-acquired infection? 

 

Selection bias 

 

• Was an appropriate case definition used, e.g. laboratory confirmed, symptomatic illness? 

• Was the selection of cases related to an exposure of interest, i.e. antibiotics? 

• Were case subjects identified through routine clinical management, e.g. from laboratory databases? 

• Were controls randomly selected? 

 

Information bias 

 

• What was the source of exposure information, e.g. medical records, interview? 

• Were standardised data collection instruments used? 

• Was data collection undertaken blind to (i) the hypothesis of the study, (ii) the disease status of the study 

subjects? 

• Was information on exposures recorded prior to onset of disease? 

• For prospective studies, was information provided on non-response or loss to follow-up? 

 

Misclassification of disease 

 

• What diagnostic tests were used for C.difficile? 

• Were definitions of symptoms provided? 

 

Confounding 

 

• How did the study deal with confounders, e.g. restricted study population, matching, stratified analysis, 

multivariate analysis? 

• Did matched studies undertake a matched analysis? 

 

Precision 

 

• What was the sample size? 

• Were sample size or power estimates provided? 

• Were non-statistically significant estimates with wide confidence intervals reported? 
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5.3 RESULTS 
 

A total of 673 published studies were identified.  Of these, 48 articles fulfilled eligibility 

criteria; 23 case-control, 22 cross-sectional and three cohort studies, all published 

between 1978 and 2001.  One cohort study was designed to measure the incidence of 

C.difficile colonisation and infection in tube-fed and non-tube fed patients, but 

undertook a multivariate analysis of risk factors of cases and non-cases.177  All eligible 

studies measured symptomatic CDAD as an outcome, and defined CDAD cases based 

on the results of microbiology tests of stool samples and the presence of diarrhoeal 

symptoms.  Ninety articles were excluded from the review because they were published 

in a language other than English.  Of these, only five were eligible for inclusion based 

on the remaining criteria.  Reasons for exclusion of articles are presented in Table 5.2. 

 

Table 5.2: Articles excluded from the systematic review 

 

Reason for exclusion No. articles 

  

A review, editorial, abstract, letter, or case-report. 166 

Non-English article 90 

Descriptive study, no comparison group 79 

Article concerned with pathophysiology or diagnosis 69 

Illness not due to C.difficile or illness not CDAD 33 

Article concerned with treatment, control or prevention of CDAD. 30 

Article concerned with transmission or epidemiologic (genetic) typing 29 

C.difficile infection was measured/analysed as an outcome in a group of outcomes, e.g. risk 

factors for all nosocomial infections, nosocomial diarrhoea, or assessed the role of C.difficile in 

other illnesses, e.g. Hirschsprungs disease. 

26 

Study population did not consist of hospitalised patients 19 

Experimental studies 19 

Article concerned with outcomes of CDAD including prognosis, complications and cost 18 

Article dealt with colonisation only, or acquisition that measured colonisation and disease 

together. 

16 

Article concerned with relapse or recurrent CDAD, or other case-case comparison. 14 

No antibiotic data 8 

C.difficile infection in animals 7 

Article used the same study population published in another article 2 

  

TOTAL 625 
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5.3.1 Study quality 
 

The use of inappropriate control groups, the presence of bias, confounding, 

misclassification, and lack of precision in the effect estimates were common problems 

identified in the systematic review.  Several studies used controls selected from 

populations that did not necessarily represent the source population from which the 

cases had come.  For studies investigating hospital-acquired infections, the most 

appropriate control groups are other hospital inpatients, that is, patients who would be 

included as cases if they had developed the infection of interest.  Of the studies 

identified in this review, patients that had been tested for C.difficile during their hospital 

admission and were negative were most commonly used as the control group.199-201, 203, 

211-213, 216, 217, 220, 328-330  One study used C.difficile carriers for comparison,331 and another 

used patients with other nosocomial infections.332 Table 5.3 summarises the results from 

the 33 studies that obtained control patients from other patients in the hospital. The data 

from the remaining studies is summarised in Appendix 5.  

 

Diagnostic suspicion bias can lead to an overestimate of effect, and may have been 

present in studies that identified CDAD cases diagnosed through the clinical 

management of patients, if the physician was aware of the relationship between 

antibiotics and CDAD.  Of the 48 eligible studies, only 14 had not identified cases 

through the clinical management of patients.38, 76, 172, 177, 191, 203, 208, 209, 331-336  The common 

feature of these 14 studies was the prospective identification of cases using objective 

diagnostic criteria, however, response rates were not reported in several studies.76, 172, 177, 

203, 209, 335, 336 Selection bias was also of concern in two studies that included antibiotic 

exposure in the case-definition.201, 205  Some studies were unclear in their method of 

control selection and therefore had potential for selection bias if the controls had not 

been selected randomly.144, 205-207, 215, 216, 230, 337  In particular, Thibault et al.206 used a 

'convenience sample' of cases, and Nelson et al.207 used the first 33 cases in an outbreak 

of 195 cases in their case-control study. 

 

 



 

Table 5.3: Results from epidemiological studies of antibiotics and CDAD that used asymptomatic controls 

 

Ref      Study Participants Bias
Confounders 

considered (method) 
Results Comments

214  Aziz (2001),

UK, case-

control 

Inpatients of a general hospital 

(35 cases, 67 inpatient controls) 

Diagnostic 

Exposure misclassification 

Disease misclassification 

Age (matched), gender 

(multivariate) 

Cephalosporins [OR=25.81, 95% CI=3.01-221.6], and other 

antimicrobials except penicillins [6.43, 1.01-41.11] significant 

in LR model adjusted for gender, presence of another case in 

same ward, exposure to antacids or immunosuppressants. 

No adjustment for severity of 

illness/comorbidity (more 

LRTI and UTI in cases) or LOS 

(cases longer LOS). 

144  Barbut (1997),

France, case-

control 

HIV inpatients of a 30-bed 

infectious disease unit (34 

cases, 66 diarrhoea-

free/C.difficile negative with 

diarrhoea controls) 

Diagnostic and other 

selection bias 

Exposure misclassification 

Disease misclassification 

LOS (matched) 

Severity/comorbidity 

[HIV] (restricted) 

Clindamycin [OR=5.0, 95% CI=1.3-18.3], penicillin [4.6, 1.1-

18.8] use significant in multivariate model.  No other 

antibiotics significant by univariate analysis. 

Used χ2 rather than McNemars 

test for univariate analysis of 

matched data.  Age not 

significant by univariate 

analysis. 

338  Barthram

(1995), UK, 

cross-sectional 

Admission to an elderly ward 

of a university hospital (31 

cases, 201 diarrhoea-free plus 

C.difficile negative controls) 

Diagnostic 

Information 

Disease misclassification 

Age (restricted, 

multivariate) 

Cases were exposed to a higher average "spectrum of activity" 

than non-cases, 7.74 species versus 6.29 species (p<0.001, t-

test). LR model: only spectrum of activity was significant. 

No LR model results presented. 

184  Bilgrami (1999),

USA, cross-

sectional 

200 consecutive BMT 

recipients (14 CDAD, 186 

diarrhoea-free controls) 

Diagnostic 

Information 

Disease misclassification 

Severity/comorbidity 

[BMT] (restricted) 

Prophylactic ampicillin exposure significant, p=0.24 (χ2). 

[OR=2.21, 95% CI=0.64-8.0] (calculated from article). 

Patient groups found to be 

similar with respect to age and 

gender, but fewer cases with 

haematological versus solid 

organ malignancies.  

177  Bliss (1998),

USA, 

prospective 

cohort 

Consecutive adult inpatients at 

a Veterans Affairs medical 

centre (76 tube-fed, 76 non-

tube-fed). Analysis of 8 CDAD 

and 144 diarrhoea-free patients. 

Exposure misclassification Gender, age, severity 

of illness (matched for 

cohort analysis only)  

Age (multivariate) 

 

 

3GC [OR=4.1, 95% CI=0.9-18.6], iv metronidazole [0.45, 

0.08-2.5] non-significant, tube-feeding only significant factor 

[9.0, 1.02-79.8, p=0.049] in LR model. 

Cephalosporins, aminoglycosides signficant by univariate 

analysis only. 

Matching lost when analysed 

by disease status.  No 

comparison of LOS or 

comorbidities between cases 

and non-cases or inclusion in 

multivariate analysis.  

 

 



 

Table 5.3 continued 

Ref      Study Participants Bias
Confounders 

considered (method) 
Results Comments

152  Brown (1990),

USA, case-

control 

Adult inpatients of a tertiary 

care hospital (37 cases, 37 

diarrhoea-free controls) 

Diagnostic 

Information 

Disease misclassification 

Age, 

severity/comorbidity 

[icu] (multivariate) 

>10 antibiotic days [OR=16.1, 95% CI=2.2-117], >65 yrs of 

age [14.1, 1.4-141], ICU stay [39.2, 2.2-713], GI procedure 

[23.2, 2.2-255] significant in LR model. Any antibiotic, 

clindamycin, 3GCs, aminoglycosides, vancomycin significant 

by univariate analysis. 

Individual antibiotics not 

entered into logistic model. 

334  Cartmill (1992),

UK, cross-

sectional 

(outbreak) 

18 Geriatric inpatients (7 

CDAD, 9 diarrhoea-free plus 

C.difficile negative) 

Information 

Disease misclassification 

Age (restricted) 7/7 cases compared to 4/9 controls received antibiotics, 

p=0.003 (Fishers exact), OR undefinable. 

 

186  Chakrabarti

(2000), UK, 

cross-sectional 

BMT recipients (10 CDAD, 65 

C.difficile negative controls 

with or without diarrhoea) 

Diagnostic 

Information 

Disease misclassification 

Severity/ comorbidity 

[BMT] (restricted) 

GVHD grade 3-4[OR=9.8, 95% CI=2.1-43] significant in LR 

model.  Metronidazole not significant by univariate analysis 

[OR=0.73, 95% CI=0.14-3.44, calculated from paper] 

Age not significant in 

univariate analysis. 

202  Chang (2000),

USA, cross-

sectional 

Inpatients of a 305-bed urban 

hospital (68 cases, 2603 

diarrhoea-free controls) 

Diagnostic 

Exposure misclassification 

Disease misclassification 

Age, LOS 

(multivariate) 

Clindamycin [OR=4.22, 95% CI=2.11-8.45], no. antibiotics 

[1.49, 1.23-1.81], LOS [1.03, 1.02-1.04], age [1.02, 1.01-

1.04] and physical proximity to patients with CDAD [1.86, 

1.05-3.28] significant in LR  model. 

Comorbidities not measured.  

339  Ferroni (1997),

France, case-

control 

(outbreak) 

Inpatients of a 50-bed 

paediatric orthopaedic unit (6 

cases, 27 inpatient controls) 

Diagnostic 

Information 

Disease misclassification 

Age (restricted), 

severity/comorbidity 

[orthopaedic] 

(restricted) 

Treatment with lincomycin + aminoglycoside signficantly 

associated with outbreak (p<0.05, fishers exact), along with 

bone and joint infection, and, surgery, by univariate analysis 

only. 

Confounders such as age, 

gender and LOS not 

significantly different. 

76  Gerding (1986),

USA, case-

control 

Inpatients of a 700-bed 

medical-surgical teaching 

hospital (109 cases, 108 

diarrhoea-free controls) 

Information 

Disease misclassification 

 Clindamycin [OR=3.05, 95% CI=1.56-6.0, calculated from 

paper] only significantly associated antibiotic.  Other 

significant differences included LOS, underlying infection, 

underlying cardiovascular illness. 

Included non-nosocomial cases.  

Used χ2 instead of McNemars 

for univariate analysis of 

matched data. 

 
 

 



 

 

Table 5.3 continued 

Ref      Study Participants Bias
Confounders 

considered (method) 
Results Comments

340  Gorecki (1999),

USA, cross-

sectional 

Surgical inpatients of a 560-bed 

university affiliated private 

hospital (156 inappropriate 

antibiotic prophylaxis, 55 

appropriate) 

Diagnostic 

Exposure misclassification 

Disease misclassification 

Severity/comorbidity 

[surgical] (restriction) 

Undefinable RR for inappropriate antibiotic prophylaxis and 

CDAD.  Difference not significant (fishers exact, p=1.0). 

Eight patients with diarrhoea in 

inappropriate group, but only 2 

positive for C.difficile.   

191  Grube (1987),

USA, cross-

sectional 

Burn centre ICU admissions (9 

CDAD, 11 symptomatic 

C.difficile negative patients, 92 

diarrhoea-free conrols). 

Information 

Disease misclassification 

Severity/comorbidity 

[Burn ICU] 

(restriction) 

CDAD patients greater number of antibiotic days [mean 54.1] 

than cytotoxin-negative diarrhoea patients [40.7] and 

diarrhoea-free patients [6.6] but hypothesis test not 

performed.   

Burn size greatest in CDAD 

group.  Only total LOS 

measured, not up to diarrhoea 

onset.  No significant 

difference in age of patients. 

210  Halim (1997),

Australia, case-

control 

Inpatients of an acute care 500-

bed teaching hospital (64 cases, 

120 diarrhoea-free controls) 

Diagnostic 

Exposure misclassification 

Disease misclassification 

 Overall antibiotic use significantly associated with CDAD 

[OR=2.86, 95% CI=1.38-5.99, calculated]. Cefotaxime was 

only individual antibiotic reported to be significantly 

associated (p=0.04, χ2), but not when checked [ 5.0,  0.78-

53.5].  No other antibiotics signficant.  Other significant 

factors included severity of illness, antineoplastic agents, 

assisted feeding. 

No difference in age or gender 

between groups, but cases had 

a higher severity of disease 

index (Horns index), and no 

information was available on 

LOS.  

204  Harbath (2001),

USA, cross-

sectional 

Inpatients of a 320-bed 

teaching hospital who 

underwent cardiovascular 

surgery (31 cases, 2610 non-

cases) 

Diagnostic 

Exposure misclassification 

Disease misclassification 

Severity/comorbidity 

[cardiovascular 

surgery] (restricted, 

multivariate), age, 

LOS [> 8 days] 

(multivariate) 

3GC [OR=5.9, 95% CI=2.2-16], LOS [1.03, 1.01-1.05], β-

lactamase resistant β-lactams [4.6, 1.7-12.3] independent 

predictors in LR model. Age, renal or GI disease, anaemia, 

no. comorbidities, ICU stay, emergency operation, hospital 

transfer, antibiotic prophylaxis > 8 days not signficant in LR 

model. 

 

 

 

 



 

Table 5.3 continued 

Ref      Study Participants Bias
Confounders 

considered (method) 
Results Comments

341  Hutin (1993),

France, case-

control 

HIV inpatients in a university 

teaching hospital (19 cases, 38 

diarrhoea-free controls) 

Diagnostic 

Exposure misclassification 

Disease misclassification 

Age, LOS 

(multivariate), 

severity/comorbidity 

[HIV] (restricted) 

Clindamycin [OR=42, 95% CI=2-813] and LOS during 2 

months prior to diagnosis [3.6, 1-13] significant by 

conditional LR.  No other antimicrobial except 

pyrimethamine significant by univariate analysis. 

Age not significant in 

multivariate model.  

Comorbidities including HIV 

risk group, opportunistic 

infections, AIDS, other 

intestinal pathogens not 

significant. 

3  Impallomeni

(1995), UK, 

cross-sectional 

Geriatric unit inpatients 

(patients receiving v. patients 

not receiving antibiotics, total 

1037 patients, 43 CDAD)  

Diagnostic 

Exposure misclassification 

Disease misclassification 

Age (restricted >65 

years) 

Cefotaxime [RR=7.2, 95% CI=3.9-13.2], cefuroxime [5.2, 

2.9-9.45], erythromycin [2.8, 1.5-5.2] all related to CDAD.  

CDAD cases had longer LOS [62 days v. 21 days] compared 

to the whole group. 

Did not specify number of 

cases/non-cases exposed to 

each antibiotic.  Ignored other 

potential risk factors, except 

LOS (entire LOS). 

38  Johnson (1990),

USA, cross-

sectional 

282 long stay inpatients on 

three wards; surgical medical, 

orthopaedic (9 CDAD, 222 

diarrhoea-free plus C.difficile 

negative, 51 C.difficile carriers) 

Information 

Disease misclassification 

 LOS [> 7 days] 

(restricted) 

8/9 CDAD patients v. 119/222 C.difficile negative without 

diarrhoea exposed to antibiotics [OR=6.92, 95% CI=0.9-

310.17 calculated].  All patients with CDAD on surgical 

ward. 

OR not provided but able to be 

calculated.  No analysis of 

difference in risk for surgical v. 

non-surgical patients. No 

confounder control except 

LOS. 

333  Keighley

(1978), UK, 

prospective 

cohort 

Patients undergoing GI surgery 

at an urban general hospital 

(119 exposed to antibiotics, 122 

not exposed)  

Exposure misclassification 

Disease misclassification 

Severity/comorbidity 

[GI surgery] 

(restricted) 

Only 21 cases of CDAD (18 in exposed group, 2 in 

unexposed group).  RR calculated to be 2.48, 95% CI=0.67-

9.2. 

No information on other 

confounders. 

 

 

 

 



 

Table 5.3 continued 

Ref      Study Participants Bias
Confounders 

considered (method) 
Results Comments

172  Kent (1998),

USA, cross-

sectional 

374 patients admitted to 

surgical services over a 5 

month period (21 CDAD, 353 

C.difficile negative with or 

without diarrhoea) 

Exposure misclassification 

Disease misclassification 

Severity/comorbidity 

[surgery] (restricted) 

In LR model, cefoxitin along with admission from nursing 

home or rehabilitation centre, operation for bowel obstruction 

were significant, but results not presented. 

Only presented univariate 

results. Cases significantly 

older than non-cases, but no 

difference between groups in 

gender. 

337  Kreisel (1995),

USA, case-

control 

Surgical inpatients of a tertiary 

care medical centre receiving 

antibiotic prophylaxis (23 

CDAD, 39 inpatient controls) 

Diagnostic and other 

selection bias 

Exposure misclassification 

Disease misclassification 

Age, gender 

(matched), 

Severity/comorbidity 

[surgery] (restricted) 

Inappropriate antibiotic use (>24 hours, >48 hrs for cardiac, 

orthopaedic, post-op.) [OR=5.1, 95% CI=1.1-23.64], duration 

of prophylaxis longer for cases (3.1 vs 1.7 days, p<0.05, t-

test). 

Baseline data (age, gender, 

surgical procedure) similar for 

both groups, but LOS greater 

for cases. 

261  MacGowan

(1997), UK, 

case-control 

Inpatients of an urban hospital 

with community acquired 

pneumonia (28 CDAD, 56 

inpatient controls) 

Diagnostic 

Exposure misclassification 

Disease misclassification 

Age (matched), 

severity/comorbidity 

[pneumonia] 

(restricted) 

IV administered cephalosporins [1.5 vs 1.0 g/day], all 

cephalosporins  [1.8 vs 1.1], β-lactams [1.8 vs 1.2] and all 

antimicrobials [2.4 vs 1.7] found to be significantly different 

(p<0.01, Mann-Whitney U test). 

 

198  McFarland

(1990), USA, 

cross-sectional 

399 adults in  general medicine 

ward (31 CDAD, 316 

C.difficile negative patients 

with or without diarrhoea)  

Diagnostic 

Disease misclassification 

Age, 

severity/comorbidity 

[Horns index] 

(multivariate) 

Cephalosporins for 1-7 days [RR=2.07, 95% CI=1.06-6.62], 

penicillins for 8-14 days [3.62, 1.28-8.42] along with GI 

stimulants [3.61, 1.08-12.06] and enemas [2.96, 1.36-10.2] 

significant using Poisson regression including age and 

severity of disease. 

 

218  Nath (1994),

Canada, case-

control 

(outbreak) 

Medical and oncology 

inpatients of a 465-bed tertiary 

care teaching hospital (80 

cases, 80 diarrhoea-free 

controls) 

Diagnostic 

Exposure misclassification 

Disease misclassification 

Age (matched) Ceftazidime [OR=26, 95% CI=5.67-119.2], clindamycin 

[15.16, 2.93-78.44], cefuroxime [5.17, 1.86-14.36], 

ciprofloxacin [3.81, 1.05-13.79] as well as GI drugs (antacids) 

[3.2, 1.39-7.34] significant in LR model. 

Used Fishers exact rather than 

McNemars for analysis of 

matched data.  Did not use 

conditional logistic regression.  

Groups similar for age, gender, 

LOS. 

 

 

 



 

 

Table 5.3 continued 

Ref      Study Participants Bias
Confounders 

considered (method) 
Results Comments

207  Nelson (1994),

USA, case-

control, 

outbreak 

Inpatients of a 460-bed 

Veterans Affairs medical centre 

(33 cases, 32 other inpatient 

controls, 34 C.difficile negative 

controls) 

Diagnostic and other 

selection bias 

Exposure misclassification 

Disease misclassification 

 Model 1: Exposure to 2GC or 3GC [OR=8.3, 95% CI=1.4, 

48.9], clindamycin [7.2, 1.5-35.6] compared to inpatient 

controls, significant in LR model.  Aminoglycosides, anti-

staph. Penicillins signficant by univariate analysis only.  

Model 2: 1 antimicrobial [15, 2.5-88.9], >1 antimicrobial 

[18.7, 4.1-85.8] significant.  Other factors not-significant. 

Age, LOS not modelled.  Cases 

had significantly greater LOS 

than non-diarrhoeal controls, 

no data reported on age.  

Congestive heart failure, only 

comorbidity modelled, not-

significant in model 2. 

230  Pear (1994),

USA, case-

control 

(outbreak) 

Inpatients in a university 

affiliated veterans affairs 

medical centre receiving 

clindamycin (27 cases, 108 

other inpatient controls) 

Diagnostic and other 

selection bias 

Information 

Disease misclassification 

 Cases received more clindamycin than controls, 83g/patient 

vs 64 g/patient, p=0.022 (Mann-Whitney U test) 

No information on age or 

comorbidities.  Significantly 

more GI procedures in cases. 

205  Pierce (1982),

USA, case-

control 

(outbreak) 

Inpatients of a 500-bed acute 

care referral hospital (10 cases, 

20 other inpatient controls).  

Diagnostic plus other 

selection bias. 

Exposure misclassification 

Disease misclassification 

Age, gender, LOS 

(matched) 

Aminoglycosides (p=0.0003), cephalosporins (p=0.018), 

clindamycin (p=0.022) significantly associated with CDAD. 

No effect estimates or 95% CIs 

provided, and could not be 

calculated.  Use of χ2 instead of 

McNemars for matched data. 

336  Schwaber

(2000), Israel, 

cross-sectional 

Adult inpatients of a tertiary 

care teaching hospital (13 

CDAD, 38 diarrhoea-free 

patients, 85 symptomatic 

C.difficile negative patients) 

Exposure misclassification 

Disease misclassification 

 3GC only significant antibiotic found [OR=3.84, 95% 

CI=0.98-16.2, calculated] for CDAD versus cytotoxin 

negative.  Analysis of CDAD v. diarrhoea-free patients found 

ampicillin-amoxycillin [4.9, 1.06-25.4], cephalosporins [6.8, 

1.2-68.8] to be significantly associated with CDAD.  

Comparison with diarrhoea-

free patients not presented in 

paper, but able to be extracted. 

No confounder control, 

univariate analysis only.   

208  Talon (1995),

France, case-

control 

(outbreak) 

Inpatients of medical and 

geriatric wards of 120-bed 

middle term care facility (21 

cases, 63 diarrhoea-free 

controls) 

Exposure misclassification 

 

Gender (multivariate) β-lactams [OR=4.92, 95% CI=1.58-16.19] and pristinamycin 

[7.95, 1.71-45.1] signficant in LR model as well as ‘presence 

of a feeding tube’ [19.7, 1.88-118.15]. 

Age, LOS, severity of illness 

not considered as confounders. 

 



 

Table 5.3 continued 

Ref      Study Participants Bias
Confounders 

considered (method) 
Results Comments

335  Thamlikitkul

(1996), 

Thailand, 

prospective 

cohort 

Inpatients of a tertiary care 

hospital (140 clindamycin, 140 

β-lactams, 140 no antibiotics) 

Information 

Disease misclassification 

Age, gender 

(matched) 
For those receiving antibiotics (clindamycin or β-lactams) 

reported RR=10, 95% CI=1.3-77. 

RR re-calculated as 1.88, 95% 

CI 1.5-2.35. 

206  Thibault (1991),

Canada, case-

control 

Inpatients of university 

affiliated urban general hospital 

(26 cases, 26 diarrhoea-free 

controls) 

Diagnostic plus other 

selection bias 

Exposure misclassification 

Disease misclassification 

Age, gender 

(matched) 

Only average number of antibiotics given [OR=1.6, 95% 

CI=1.1-2.4] and GI surgery [4.7, 1.0-21.0] significant in LR 

model.  Neomycin, clindamycin, metronidazole significant by 

univariate analysis but not in LR. 

Age and LOS not significant by 

univariate analysis. Only 

variables p<0.05 entered into 

LR. Did not use conditional 

LR. 

209  Tumbarello

(1995), Italy, 

case-control 

Inpatients of an infectious 

disease department of a 

university hospital (31 CDAD 

cases with HIV, 62 diarrhoea-

free controls with HIV) 

Information 

Disease misclassification 

 Antibiotic therapy only significant risk factor by univariate 

and Poisson analysis [OR=11.35, 95% CI=1.26-102].  

Trimethoprim-sulphamethoxazole, 3GCs and clindamycin 

significant by univariate analysis, multivariate data not 

provided.   

Age not signficant by 

univariate analysis. LOS 

signficant by univariate but not 

in multivariate model.  Lacked 

full presentation of multivariate 

analysis. 

215  Yip (2001),

Canada, case-

control 

Hospitalised patients in a 300-

bed tertiary care hospital (27 

cases, two groups of 27 

inpatient controls). 

Diagnostic and other 

selection bias 

Exposure misclassification 

Disease misclassification 

Age, gender [control 

group 1], LOS 

[control group 2] 

(matched) 

Control group 1: ciprofloxacin significant in LR model, data 

not supplied. 

Control group 2: cephalosporins [OR=6.7, 95% CI=1.3-33.7], 

ciprofloxacin [9.5, 1.01-88.4] significant in LR  model (age 

not entered) 

Conditional logistic regression 

not used.  Use of two control 

groups not necessary because 

multivariate analysis was used. 

OR odds ratio CI confidence interval 

2GC 2nd generation cephalosporin 3GC 3rd generation cephalosporin 

LOS length of stay GVHD graft versus host disease 

LR logistic regression BMT bone marrow transplant 

LRTI lower respiratory tract infection UTI urinary tract infection 

ICU intensive care unit GI gastrointestinal 
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Studies commonly failed to report sources of exposure information, raising the 

possibility of observer bias.38, 76, 184, 186, 191, 209, 230, 330, 334, 335, 339  Of the remaining studies, all 

obtained exposure information from medical records.  The routine recording of 

antibiotic and medication exposures, procedures and diagnoses in medical records 

allows accurate information to be obtained, however, variation in the quality of the 

medical record may result in missing data as acknowledged by Katz et al.220  Non-

differential misclassification of exposures could not be excluded from most studies due 

to methods of data collection.  For example, the use of standardised data collection 

instruments, awareness of the purpose of the study by the abstractor, the use of single or 

multiple abstractors and whether the abstractors were blind to disease status, was poorly 

reported. 

 

 Misclassification of disease could not be excluded in many studies due to the 

sensitivity and specificity of laboratory tests used to diagnose C.difficile infection. The 

most common test used was the direct detection of cytotoxin from faecal samples that 

may have resulted in the inclusion of false-negatives among the controls, particularly in 

studies that used C.difficile-negative patients from laboratory records for comparison.199, 

216, 328, 200, 201, 211-213, 217, 220, 329  Other studies included patients that were identified through 

the culture of C.difficile from stool samples, enhancing sensitivity but potentially 

including false-positives due to the low specificity of culture.38, 172, 206, 209, 230, 333  Others 

only included as cases those that had both positive cultures and cytotoxin results.76, 198, 

205, 334, 341  Only three studies used culture of a toxigenic isolate of C.difficile as part of 

their case definition.177, 208, 330  This definition is considered to be the most appropriate for 

epidemiological studies.342  Others used enzyme immunoassay (EIA) tests to detect 

either toxin A3, 210, 215, 218, 261, 335, 337, 338 or toxins A and B from faecal samples.203, 204, 331, 339 

 

Several studies failed to use a definition of diarrhoeal symptoms, or 'diarrhoea' was 

stated with no clarification.3, 199, 204, 207, 211, 216, 230, 330, 332, 334, 337, 338, 340, 341  Of particular 

concern in some retrospective studies was the use of symptom definitions that required 

detail regarding the number of diarrhoeal episodes per day that would be difficult to 

accurately obtain from notes in the medical record,144, 184, 186, 210, 212, 213, 215, 218, 329 although 

Katz et al.220 reported a 94% success rate.  Because such information is not consistently 
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recorded in medical records, some retrospective studies used the stool description, e.g. 

unformed, to enhance case ascertainment.152, 217  

 

The potential confounding effects of age, length of stay (LOS) and severity of 

underlying illness, which may be associated with exposure to antibiotics and 

development of CDAD, were not all adequately assessed in most studies.  Age was 

most commonly considered either through restriction of the study population,3, 203, 213, 328, 

330, 334, 339 matching205, 206, 212, 214, 215, 218, 261, 335, 337 or multivariate analysis.152, 177, 198, 202, 204, 220, 341  

Some studies restricted the study population to those with a common underlying 

condition144, 191, 209, 212, 261, 330, 339, 341 or an intensive care stay,152, 199, 331 or those who 

underwent particular procedures.172, 184, 186, 204, 332, 333, 337, 340  This approach may have 

controlled for severity of underlying illness to some extent.  A few studies matched on 

LOS,144, 205, 216 and one study restricted study participants to patients who had been 

hospitalised for more than seven days.38 Several studies included LOS in multivariate 

models.202, 204, 215, 341  In other studies, LOS was either not statistically significant in 

multivariate models, or no significant difference was found by univariate analysis.198, 200, 

206, 209, 212, 218, 220, 339 

 

Many of the studies had small sample sizes that may have limited the precision of their 

estimation of effect (Table 5.3 and Appendix 5).  This applied in particular to cross-

sectional studies and cohort studies that commonly had small numbers of CDAD 

outcomes.   

 

5.3.2 Evidence for the association of antibiotics with CDAD 
 

Overall, 41 out of 48 studies found an increased risk of CDAD in hospitals associated 

with antibiotic exposure, however, all had major weaknesses. For total antibiotics, 

exposure odds ratios (OR) ranged from 2.86210 to 11.35209 in studies that used controls 

from the source population, and 1.07211 to 22.6328 in two studies that used symptomatic 

controls.  A relative risk (RR) of 2.48 was recorded for one cohort study.333  For specific 

antibiotics, or antibiotic classes, ORs ranged from 2.12336 to 42341 for clindamycin, and 

from 3.00216 to 26218 for 3rd generation cephalosporins.  Other antibiotics associated with 

CDAD identified from these studies included penicillins, macrolides, and ciprofloxacin. 
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Only two studies were identified that had less serious threats to validity and from which 

the reported results were considered the most reliable.  McFarland et al.198 found an 

increased risk for CDAD after cephalosporin exposure for up to 1 week (RR 2.07, 95% 

CI 1.06-6.62) and penicillin exposure for between 1-2 weeks (RR 3.62, 95% CI 1.28-

8.42) adjusted for age and severity of disease using Horns index.  A moderately large 

cross-sectional study by Chang and Nelson202 provided precise estimates of effect for 

clindamycin (OR 4.22, 95% CI 2.11-8.45) and increased numbers of antibiotics (OR 

1.49, 95% CI 1.23-1.81) adjusted for age, LOS and proximity to patients with CDAD, 

but did not adjust for comorbidities. 

 

The ability to generalise study results to other populations was limited because of 

serious threats to internal validity in most of the studies.  The association between 

CDAD and clindamycin, cephalosporins, penicillins and the number of antibiotics a 

patient received could be interpreted as representative of a more general association in 

other hospitalised patients.  

 

5.4 DISCUSSION 
 

Despite a large number of published studies supporting the association of various 

antibiotics with hospital-acquired CDAD, well-designed epidemiological studies are 

lacking.  A few studies identified in this review were not designed to test causal 

hypotheses.  For example, the studies by Hornbuckle et al.212, Cooper et al.329 and Katz 

et al.220 were intended for use as clinical tools to predict the probability of a positive 

C.difficile test result in patients with hospital-acquired diarrhoea, and the study by 

Cheng et al.331 aimed to analyse differences in characteristics between patients with 

symptomatic CDAD and C.difficile carriers.  However, the main objective of the 

majority of the studies was to estimate the risk of CDAD in hospitalised patients if 

exposed to various risk factors, notably antibiotics.  The most serious threats to validity 

identified in this review were the use of incorrect control groups, lack of precision due 

to inadequate sample sizes and inadequate control of confounders.  Diagnostic bias was 

a potential threat to many studies that identified cases through the clinical management 

of patients; however, this is virtually unavoidable when laboratory databases are used 
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for retrospective case identification.  Information bias could not be excluded from many 

studies, mainly due to the provision of insufficient detail in the articles. 

 

Almost half of the studies were described by their authors as "cohort" or "prospective" 

studies, however, they were regarded in this review as cross-sectional studies because 

they did not meet the epidemiological classification of a cohort study.343  Cross-

sectional studies are generally poor for testing causal hypotheses, due to the potential 

for length-biased sampling (a person with a longer duration of illness will have a greater 

chance of being selected), and the use of measurements of current exposures rather than 

past exposures that may prevent the separation of cause and effect.  Several cross-

sectional studies identified in this review identified cases prospectively (incident cases), 

thus minimising length-biased sampling, and collected risk factor information from the 

medical record rather than relying on self-reporting.  However, the main limitation 

found with many of these studies was the low number of CDAD outcome events that 

may have resulted in an imprecise effect estimate.  

 

The choice of controls in case-control studies of CDAD has been a contentious issue 

recently with arguments for and against the use of symptomatic C.difficile negative 

patients as controls.344, 345  In order to accurately measure the risk of acquiring a disease 

if exposed to a particular factor, cases should be compared with controls selected from 

the source population,  ie., subjects who would have been included in the case group if 

they had developed the disease. Therefore, restricting the selection of controls to 

patients investigated for C.difficile is not representative of the source population from 

which the cases arose.  It is likely to produce a result biased to the null either because 

exposures are likely to be similar for CDAD and other forms of nosocomial diarrhoea, 

or because of the classification of false negatives as controls, depending on the 

sensitivity of the laboratory test used.  The results from these studies varied (Appendix 

5) and it was therefore difficult to interpret whether the choice of control group 

seriously biased the effect estimate.  There was some indication that effect estimates 

obtained from studies that used symptomatic controls were closer to the null than those 

from studies that used inpatient controls.  For example, ORs for ciprofloxacin from two 

studies that used symptomatic controls were 2.29 (95% CI=1.13-166)211 and 2.57 (no 

CI),213 compared to 3.8 (95% CI=1.05-13.79)218 and 9.5 (95% CI=1.01-88)215 from two 
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studies that used inpatient controls.  However, it is apparent from the overlapping and 

imprecise confidence intervals that the actual choice of control group may not 

necessarily be a source of heterogeneity. 

 

The different methods for laboratory diagnosis of CDAD used throughout the studies 

reviewed have implications for the misclassification of disease which can, as previously 

noted, produce a biased effect estimate.  Direct detection of C.difficile cytotoxin (toxin 

B) from faecal specimens using mammalian tissue culture lines is considered the 

standard diagnostic test and was used most commonly in the studies identified.  

However, this method lacks sensitivity due to inactivation of the cytotoxin in 20% of 

samples during storage and transport.346  In addition, approximately 60% of cytotoxin-

negative faecal samples contain a cytotoxin producing strain of C.difficile, suggesting a 

false negative laboratory result.1, 81  These methods are also time consuming and enzyme 

immunoassays (EIA) that provide rapid results have been developed.  Commercial EIAs 

for toxin A were used by several studies, however, this approach also requires culturing 

of C.difficile for adequate toxin detection.82  Furthermore, toxin A-negative/B-positive 

variant C.difficile strains would be missed using this method.  To overcome this, EIAs 

that detect both toxins have been developed.  These perform well against faecal 

cytotoxin tissue culture, but are still less sensitive than culture of toxigenic C.difficile.80, 

347, 348  Culture of C.difficile followed by detection of cytotoxin, either by tissue culture 

or immunoassay, has been recently recommended for confirmation of diagnosis in 

patients with cytotoxin-negative faecal samples.83, 346  This approach is especially 

important for minimising false-negatives in epidemiological studies of CDAD. 

 

In this chapter, the quality of published studies that investigated antibiotics as risk 

factors for hospital-acquired CDAD were systematically reviewed in order to decide 

whether a meta-analysis could be reliably conducted.  A critical review of studies that 

analysed antibiotics as risk factors for CDAD was undertaken in terms of study design, 

selection and information biases, control of confounding, precision of the effect 

estimate and external validity.  Although the review was limited by including only 

published studies and excluding non-English articles, only two studies were identified 

that were considered to provide valid evidence for the role of antibiotics in hospital-

acquired CDAD.  Future studies designed to investigate the aetiology of hospital-
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acquired CDAD need to be aware of epidemiological principles.  Investigators need to 

define a clear hypothesis when designing such studies so that appropriate controls are 

selected, an adequate sample size is used, bias minimised and confounding controlled.  

Adherence to these principles will ensure that risk factors are accurately identified and 

their association with CDAD validly and precisely estimated. 
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CHAPTER 6: ANALYTICAL EPIDEMIOLOGICAL STUDY - 
METHODS 

 

 

 

 

 

 

6.1 INTRODUCTION 
 

From the review presented in Chapter 5 and the data from Sir Charles Gairdner Hospital 

(SCGH) presented in earlier chapters, it is apparent that there is some evidence to 

support a causal role for 3rd generation cephalosporin antibiotics in the aetiology of 

hospital acquired Clostridium difficile-associated diarrhoea (CDAD).  In order to 

recommend restriction of 3rd generation cephalosporins as an approach to the control 

CDAD, the relationship between this antibiotic class and CDAD needs to be clearly 

defined.  Chapters 6 to 9 present an analytical epidemiological study that was 

undertaken to investigate the association between 3rd generation cephalosporins and 

CDAD in SCGH, and in doing so attempt to provide evidence for the prevention and 

control of CDAD by reducing the use of these antibiotics. 

 

The specific objectives of this study were: 

 

• To understand the role of 3rd generation cephalosporin antibiotics in the 

development of CDAD during hospitalisation, 

 

• To assess the public health impact of a reduction in the use of 3rd generation 

cephalosporin antibiotics, 
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• To determine the extent to which hospital-acquired CDAD independently 

increases patient length of stay, 

 

• To determine the economic impact associated with an increased length of stay, if 

any, and other medical costs due to CDAD during hospitalisation. 

 

This chapter describes the study design, the identification of the study population, the 

data sources, the methods used for the collection of data, and the statistical analyses.   

The results of these analyses are covered in chapters 7 to 9. 

 

6.2 METHODS 
 

6.2.1 Study design 
 

To fulfill the objectives specific to the study a case-control design was chosen.  In 

general case-control studies are relatively quick and inexpensive compared to other 

analytical designs, and allow the simultaneous examination of multiple risk factors for a 

disease.349  A retrospective approach was necessary in order to evaluate exposures prior 

to the introduction of the ceftriaxone policy in 1998. 

 

6.2.2 Study population 
 

The study was designed to consist of 200 CDAD cases and 400 non-CDAD patients 

(controls) who were inpatients at SCGH between January 1996 and June 2000.  As 

described in Chapter 3, SCGH is one of three urban public teaching hospitals in Perth, 

Western Australia (WA), which primarily admit adult patients.  The size of the study 

population was determined from the eligibility of cases identified from the 4.5-year 

period, and the calculation of sample size estimates (section 6.2.5). 
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6.2.3 Definition and selection of cases 
 

A case was defined as a SCGH inpatient that was diagnosed with hospital-acquired 

CDAD.  Patients with a positive laboratory result for C.difficile that were identified 

retrospectively from the Western Australian Centre for Pathology and Medical Research 

Division of Microbiology laboratory database as described in Chapter 3 were used for 

this study.  Cases identified from the period January 1996 to June 2000 were included.  

Where multiple positive specimens were identified for a single patient, a CDAD episode 

was defined as 14 days or less between positive specimen dates.227  Laboratory reports, 

patient information records from TOPAS (described in Chapter 3) and patient medical 

records were reviewed in order to determine which patients identified from the above 

process were eligible for inclusion in the study.  The following inclusion and exclusion 

criteria were applied: 

 

Inclusion criteria: 

 

• A positive laboratory test for C.difficile, either a positive stool cytotoxin test 

and/or isolation of C.difficile (because cytotoxin testing was not routinely used 

throughout the study period). 

 

• A hospital-acquired infection, defined as being more than two days between the 

date of admission to hospital and the specimen request date.  Cases were 

included when there were two days or less between the admission date and the 

specimen date if they had previously been admitted to SCGH within the 

preceding 7 days. 

 

• Clinical diarrhoea.  Stool description of watery, loose or semi-formed on the 

laboratory report.  Those with a ‘formed’ description were excluded.  A clinical 

definition of diarrhoea was not used because such criteria were considered too 

difficult to fulfill from patient medical records. 
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Exclusion criteria 

 

• Approximately 20% of CDAD cases experience an apparent relapse or re-

infection.21  Only the initial episode of patients identified more than once were 

included in the study for two reasons.  Firstly, risk factors for relapse or re-

infection may be different to those for initial infection.  Secondly, the analysis of 

the data as episodes rather than cases would violate the independence 

assumption of parametric statistical models.  Cases identified with two or more 

episodes during the same hospital admission, based on the specimen dates, were 

excluded unless symptoms were clearly documented in the medical record 

between the two dates that indicated they were in fact part of the same episode. 

 

• Coinfection with another gastrointestinal pathogen.  Cases with a positive 

microbiology result for a gastrointestinal pathogen other than C.difficile were 

excluded. 

 

• The presence or introduction of a stoma, except cases who underwent a stoma 

reversal during the admission period selected for study. 

 

Demographic data were available for excluded CDAD patients and a description of 

excluded cases is presented in Section 7.1 

 

6.2.4 Definition and selection of controls 
 

Controls were randomly selected from SCGH inpatients to ensure the control group was 

representative of the study population from which cases arose.   Two controls were pair 

matched to each case by age (+/- 5 years), gender, and date of admission.  Matching on 

date of admission (within one month of a case) ensured that cases and controls were 

comparable in terms of their exposure to the hospital environment; the reservoir for 

C.difficile infection. 
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Controls were extracted from the WA Department of Health Hospital Morbidity Data 

System (HMDS), after the case group had been identified.  The HMDS contains data 

from 1970 on all inpatient episodes, including diagnosis and procedure codes, for 

patients admitted to public, private and day hospitals in Western Australia.350  The 

control extract was provided by staff of the Health Statistics Branch, Health Information 

Centre, WA Department of Health.   A list of four controls per case was provided, 

randomly selected from all SCGH inpatients matched on date of admission, gender and 

age.  The four subjects identified for each case were randomly listed and the first two 

were assessed for eligibility by reviewing their laboratory reports and medical records.  

Controls that were found to be ineligible were replaced with the next control in the list. 

 

The following exclusion criteria were applied: 

 

• Any diarrhoea due to C.difficile or other causes.  Patients with a positive test for 

C.difficile during their admission period selected for study were immediately 

excluded.  If diarrhoeal symptoms were documented in the medical record 

covering a period of more than 48 hours, patients were excluded. 

 

• A history of C.difficile infection.  Patients with a positive laboratory result for 

C.difficile from previous admissions to SCGH were excluded. 

 

• A length of hospital stay less than two days. 

 

• Diarrhoea on admission to hospital for the admission period included in the 

study. 

 

• The presence or introduction of a stoma, except controls who underwent a stoma 

reversal. 

 

6.2.5 Statistical power 
 

Using a case to control ratio of 1 to 2 it was possible to detect, with 80% power, an odds 

ratio of 2.0 for a factor present in 20% of controls at the 0.05 level of significance.  
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Table 6.1 presents power estimates for varying levels of exposure in controls using Solo 

Power Analysis.351 

 

Antibiotic exposure in hospital inpatients is common.  In previous studies, more than 

50% of inpatient controls were exposed to antibiotics.76, 152, 154, 200, 211, 216   Exposure to 

various antibiotic classes and individual antibiotics within these classes was variable, 

reflecting antibiotic use patterns within the individual healthcare facility.  

Cephalosporin exposure in controls was particularly common, up to 70%,76, 200, 209, 341 

while exposure to penicillins and aminoglycosides was reported in up to 40% of 

controls.76, 216  Based on these data and the information in Table 6.1, the target odds ratio 

was set at 2.0 for a factor present in 20% of controls. 

 

In order to reduce the detectable odds ratio to 1.5 for a factor present in 20% of controls, 

an additional 512 cases and 1024 controls would be required.    Furthermore, to detect 

an odds ratio of 2.0 for a factor present in 10% of controls an additional 200 cases and 

400 controls would be necessary.  Due to time and resource constraints, a study of this 

size was not feasible.  The decision to set the control exposure proportion to 20% was 

based on consideration of the evidence from other studies and practical limitations. 

 

Table 6.1: Power for a matched case-control study of hospital-acquired CDAD 
with 200 cases and 400 controls 

 

 Proportion of controls exposed 

Odds ratio 0.10 0.20 0.25 0.30 

     

2.0 0.56 0.79 0.84 0.87 

1.5 0.23 0.36 0.40 0.43 
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6.2.6 Collection of data 
 

6.2.6.1 Admission to the study 

 

As discussed previously, patients identified from the microbiology database with a 

positive stool sample for C.difficile were assessed for eligibility for inclusion in the 

study.  The microbiology extract consisted of the patients’ unit medical record number 

(UMRN) and specimen information as detailed in Section 3.2.  The UMRN is an unique 

patient identifier used by all WA public hospitals.  It is allocated to a patient at their 

first ever admission to a public hospital.  The use of such an identifier presents 

opportunities for healthcare services research in WA that facilitates record linkage from 

various databases including the HMDS and death records.352  In this study, the UMRN 

of the patients identified from the microbiology database was used to extract the 

admission and discharge dates for admissions to SCGH from the hospital’s patient 

administration system (TOPAS).  Using the dates of specimen collection, the 

corresponding admission period was identified for each patient.  Patient files were then 

examined to assess eligibility criteria. 

 

Controls were identified from the HMDS as described in Section 6.2.4.  The extract 

consisted of the UMRN, account number, admission date, discharge date and a 

matching code for each control identified.  As for cases, patient files of the controls 

were reviewed for eligibility. 

 

6.2.6.2 Data sources 

 

Data on exposures 

 

There were two sources of data for exposure information used in the study.  Information 

on demographics (date of birth, gender), diagnoses and procedures during the study 

admission period was obtained from the hospitals patient administration system, 

TOPAS.   Information on exposures to antibiotics and other medications was obtained 

from the drug chart of the relevant admission in the patient’s medical record. 
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i. Patient administrative databases: TOPAS 

 

TOPAS (The Open Patient Administration System) is the administrative database, used 

by SCGH and all metropolitan hospitals in Western Australia that interfaces with the 

HMDS.  Therefore, all coding standards that apply to the HMDS also apply to 

TOPAS.350  In addition to demographic and admissions data, diagnosis and procedure 

codes using the International Classification of Diseases (ICD) system are allocated to 

each patient upon discharge from hospital.  The ICD underwent a major revision in 

1999.  Until June 1999, the ICD-9-Clinical Modification (ICD-9-CM) system was used.  

From July 1999, the ICD-10-Australian Modification (ICD-10-AM) was adopted.  

Although the major disease categories within this system have not changed, the coding 

structure itself has been revised.  Information for each study participant was extracted 

from TOPAS by the staff of the Corporate Information Unit, SCGH.  The data extracted 

consisted of all diagnosis and procedure ICD codes, gender, date of birth, type of 

admission (emergency or elective), mode of discharge, and intensive care stay. 

 

ii. Medical records 

 

Individual level electronic pharmacy records were not available for the time period 

covered by the study, therefore, information regarding medications patients received 

during hospitalisation was only available from patient medical records.  However, the 

dispensing of medication is recorded by medical and nursing staff on a standardised 

drug chart for every admission period for each patient.  This chart details the name of 

the drug prescribed, the dose, route and frequency of administration.  In addition, every 

time the patient is given the scheduled dose it is recorded on the drug chart.  The 

collection of medication data from patient charts is therefore advantageous over 

prescribed information from pharmacies, although more time consuming, because the 

medication that the patient actually received can be determined.  Antibiotics were 

grouped according to their class, for example, quinolones, 3rd generation 

cephalosporins, etc; non-antibiotic medication information was classified according to 

the Therapeutic Class Index of the MIMS Reference System.353 
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Procedures identified from TOPAS were validated in the patient medical record because 

dates for procedures were not always recorded in TOPAS when earlier ICD-9-CM 

versions were in use over the 1996 to 2000 period.  Therefore dates could often only be 

obtained directly from the medical record.  This process also enabled the identification 

of procedures documented in the medical record that had not been allocated a code. 

 

 

 

Data on costs 

 

Cost data was obtained from the Corporate Information Unit, SCGH.  A cost modeling 

approach is used by SCGH to estimate patient costs.  This approach uses allocation 

statistics to apportion costs across patient care episode groups obtained from national 

statistics, rather than patient-level consumption data.  That is, costs for a particular 

‘product’ are allocated to categories of the Australian National Diagnostic-Related 

Group (ANDRG) using national statistics known as ‘service weights’ multiplied by 

measures of product volumes.  Each service weight corresponds to a particular ANDRG 

indicating the relative cost of each day of stay for that service, for example, nursing.  

The main advantage of the service weights method over the patient consumption 

method is that it is far less time consuming and less costly because only the number of 

days by ANDRG is needed to calculate costs, whereas data are needed for every patient 

for the patient consumption data method.  The main disadvantage of this method, 

however, is that it does not provide as precise costs as the patient consumption 

method.354   

 

Costing data from SCGH contributes to the National Hospital Cost Data Collection 

implemented in 1996 by the Commonwealth Department of Health and Aged Care.354  

Data from over 250 public and private hospitals are collected, assembled and 

disseminated each financial year (July to June).  From its inception in 1996, several 

refinements and revisions have occurred that have generally impacted on data other than 

acute admitted patient information, for example, rehabilitation, outpatients, research and 

teaching.  This study focuses on costs associated with acute admitted patients, therefore 

these refinements were not expected to affect the data obtained for the study.  However, 
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data prior to July 1996 are not available, thus the analysis of this type of data was 

restricted to patients admitted after this date. 

 

6.2.6.3 Data collection 

 

A master list of each patient entered into the study was generated consisting of the 

patient identifier (UMRN), a study identification number that was allocated to each 

individual, and their case or control status.  A copy of this list, excluding case or control 

status, was used during the study so that no patient identifying information other than 

the allocated study number was entered into the study database. 

 

All data were entered into a relational database (Microsoft Access 97).  Data extracted 

from the TOPAS/Trendstar systems were provided as Microsoft Excel spreadsheets and 

therefore could be readily imported into Access.  Standardised tables and forms were 

constructed in Access for the entry of information obtained from the medical record.  

The database design consisted of two levels.  The first level was of a simple 

questionnaire design relating to medication exposures for each study participant with 

dichotomous ‘Yes’ or ‘No’ responses for each antibiotic class and therapeutic class 

(non-antibiotic medication).  The second level consisted of the detail of exposure for 

each antibiotic or therapeutic class.  These data consisted of the name of the drug, drug 

subgroup, date commenced, date finished, dose (grams), frequency (hours), dosage 

(grams/day) and route of administration (oral, intravenous, intramuscular, 

subcutaneous).  Topical medications were excluded. 

 

Any additional procedures identified in the medical record were added to the set of 

procedures extracted from TOPAS.  Procedures were then classified according to 13 

major groups, 18 minor groups and 9 further subgroups (Table 6.2).  Diagnosis codes 

were left in the same format in Access as the original extract.  During the analysis 

phase, diagnoses were grouped into their major disease classification categories, 

according to the ICD-9-CM format, producing 15 dichotomous diagnosis variables 

(Table 6.3). 
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Table 6.2: Classification of procedures in a case-control study of hospital-
acquired CDAD. 

 

Major group Minor group Subgroup 

   
Nutrition support Parenteral nutrition  
 Enteral nutrition  
 Therapeutic diet  
 Oral nutrition support  
Chemotherapy   
Surgical procedures Abdominal Lower endoscopy 
  Upper endoscopy 
  Oesophagus 
  Stomach 
  Small intestine 
  Large intestine 
  Rectal, anal 
  Liver, biliary tract, pancreas 

  
Other abdominal e.g. laparotomy, 

paracentesis. 
 Thoracic  
 Cardiovascular  
 Neurosurgical  
 Musculoskeletal, orthopaedic  
 Urinary tract  
 Bone marrow, spleen  
 Lymphatic  
Non-surgical gastrointestinal Nasogastric tube  
 Enema  
 Colonic lavage  
Non-surgical musculoskeletal   
Urinary catheterization   
Central vascular catheter   
Radiology (CT or MRI)   
Nuclear medicine Radiotherapy  
Dialysis   
Blood or platelet transfusion   
Mechanical ventilation Ventilation < 96 hours  
 Ventilation ≥ 96 hours  
Resuscitation   
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Table 6.3: International Classification of Diseases-9-CM.  Classification of 
diagnoses in a case-control study of hospital-acquired CDAD. 

 

Code range Major disease group 

001-139 Infectious and parasitic 
140-239 Neoplasms 
240-279 Endocrine, nutritional, metabolic and immunity disorders 
280-289 Diseases of blood and blood-forming organs 
290-319 Mental disorders 
320-389 Nervous system and sense organs 
390-459 Diseases of the circulatory system 
460-519 Diseases of the respiratory system 
520-579 Diseases of the digestive system 
580-629 Genitourinary 
680-709 Skin and subcutaneous tissue 
710-739 Musculoskeletal and connective tissue 
740-759 Congenital anomalies 
780-799 Symptoms, signs and ill-defined conditions 
800-999 Injury and poisoning 

 

 

Several disease severity scales have been used in previous studies of CDAD to take into 

account the influence of the severity of underlying disease.198, 200, 210  The Charlson 

Comorbidity Index was first described by Charlson et al.,355 for use with ICD data.  It is 

a scale based on a set of conditions assigned a weight from 1 to 6 derived from relative 

risk estimates of a proportional hazard regression model that were predictive of 

mortality.  Since then, several investigators have validated and modified the Charlson 

Index using ICD-9-CM codes in various patient groups, although all have focused on 

mortality as the outcome.356  However, the Charlson Index potentially provides a useful 

measure of comorbid conditions for other outcomes, such as hospital-acquired 

infections. 

 

In order to use the Charlson Index to adjust for comorbidity in this study, it was first 

adapted for use in the study population according to the method recommended by 

Schneeweiss and Maclure356 and previously demonstrated by Ghali et al.357  That is, new 

weights for the Charlson comorbidities specific for the study population were generated 

using stepwise multiple logistic regression (MLR).  SPSS version 10.0 (copyright 
©SPSS Inc.)358 was used for the development of the new Charlson weights using syntax 
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provided by the School of Population Health, The University of Western Australia (S. 

Hall, C. D. J Holman) that had been adapted for use with both ICD-9-CM and ICD-10-

AM codes. 

 

There were three steps to the generation of the modified index.  Firstly, 17 dichotomous 

(yes/no) Charlson comorbidity variables (Table 6.4) were generated from the first 21 

diagnosis codes allocated using the provided syntax that uses the Dartmouth-Manitoba 

algorithm for administrative data.359   

 

Table 6.4: Charlson comorbidity variables used for generation of the Charlson 
Index. 

 

Variable Charlson comorbidity category 

Comorbidity 1 Myocardial infarction 
Comorbidity 2 Congestive heart failure 
Comorbidity 3 Peripheral vascular disease 
Comorbidity 4 Cerebrovascular disease 
Comorbidity 5 Dementia 
Comorbidity 6 Chronic pulmonary disease 
Comorbidity 7 Rheumatologic disease 
Comorbidity 8 Peptic ulcer disease 
Comorbidity 9 Mild liver disease 
Comorbidity 10 Diabetes (mild to moderate) 
Comorbidity 11 Diabetes with chronic complications 
Comorbidity 12 Hemiplegia or paraplegia 
Comorbidity 13 Renal disease 
Comorbidity 14 Any malignancy including lymphoma and leukaemia 
Comorbidity 15 Moderate or severe liver disease 
Comorbidity 16 Metastatic solid tumour 
Comorbidity 17 AIDS 

 
Adapted from Romano et al.359 

 

A bivariate analysis of these 17 comorbidities using chi-square and Fisher’s exact tests 

was then used to determine which comorbidities should be entered into the MLR model.  

Those that appeared in the dataset at least 10 times and were associated with CDAD 

(p≤0.15) were included.  Stepwise MLR was then used to generate a model to predict 

CDAD using the comorbidities identified in the above process as independent variables.  

Those with a p-value of less than 0.1 were retained in the final model (Table 6.5).  The 
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resulting odds ratios (OR) were converted to index weights as used by Ghali et al.,357 

that is an OR les than 1.2 was discarded, an OR of 1.2-1.5 received a weight of 1, an 

OR of 1.5-2.5 received a weight of 2, an OR of 2.5-3.5 received a weight of 3 and so on.   

 

Table 6.5: Final logistic regression model for Charlson comorbidities with CDAD 
as the outcome. 

 

Charlson comorbidity Odds ratio P-value Allocated weight 

    

Comorbidity 2 1.93 0.012 2 

Comorbidity 3 3.33 0.001 3 

Comorbidity 4 3.70 0.000 4 

Comorbidity 6 2.28 0.003 2 

Comorbidity 8 3.68 0.007 4 

Comorbidity 9 19.1 0.007 19 

Comorbidity 11 2.79 0.096 3 

Comorbidity 14 4.97 0.000 5 

 

 

Finally, the second part of the syntax was then used to assign a weight to each patient in 

the study.  The original syntax supplied was edited so that the new weights were 

calculated based on the data from Table 6.5.  Prior to undertaking this process, codes 

relating to C.difficile infection were removed from the dataset. 

 

6.2.7 Analysis of results 
 

The first stage of the analysis involved the assessment of the dataset to ensure data entry 

had been performed correctly.  Queries were designed in Microsoft Access software to 

detect data entry discrepancies; any errors were corrected accordingly.  Queries were 

also used to detect mistakes in date entries by calculating the number of days exposed to 

a particular drug between the ‘date commenced’ and ‘date finished’.  The assessment of 

outliers in this calculation identified date errors that were corrected. 
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6.2.7.1 Third generation cephalosporins as risk factors for CDAD 

 

The first objective of the case-control study was to determine the role of 3rd generation 

cephalosporin antibiotics in the development of CDAD in SCGH inpatients.  This 

analysis was restricted to the period of the study prior to the introduction of the 

ceftriaxone restriction policy in October 1998 for two reasons.  Firstly, patients 

admitted to hospital after the policy had taken effect were less likely to have been 

exposed to ceftriaxone than those admitted before the policy was introduced; therefore, 

the prevalence during the post-policy period was lower and may have produced an 

underestimate of the association.  Secondly, an awareness of the policy by hospital staff, 

which may have resulted in an increased awareness of the relationship between 3rd 

generation cephalosporins and CDAD, could have been an important source of selection 

bias due to diagnostic suspicion. 

 

The first stage of the analysis involved recoding the exposure variables for cases to 

ensure only those that occurred prior to the diagnosis of CDAD were included in the 

analysis.   All exposures that occurred up to and on the date of diagnosis (specimen 

request date) were retained for analysis. 

 

The dataset was then exported to Stata Statistical Software® for analysis.360  A 

descriptive analysis that included the presentation of proportions as percentages with the 

respective denominator was undertaken.  Continuous exposure variables were 

dichotomised using the median from the control group.  Univariate analyses consisted 

of the use of conditional maximum likelihood methods, that is, univariate conditional 

logistic regression (CLR), to examine variations in proportions between cases and 

controls, and to generate ORs and 95% confidence intervals (CI).  This approach was 

necessary in order to take into account the individual matching of the study by age and 

gender using a 1:2 case to control ratio.  The Wald test that is obtained using CLR, an 

extension of the McNemars test, is appropriate for 1:k matching. 

 

The independent contribution of 3rd generation cephalosporin antibiotics to the risk of 

developing CDAD in hospitalised patients was assessed using multivariate CLR.  Prior 

to constructing multivariate models, confounders of the main exposure of interest, 3rd 
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generation cephalosporins, were identified by bivariate analysis.  This consisted of an 

assessment of the odds ratio for 3rd generation cephalosporin exposure adjusted for the 

effect of each potential confounder.  Variables assessed as potential confounders 

consisted of all other variables that were significant by univariate analysis.  Those that 

produced a change in the crude OR for 3rd generation cephalosporins and CDAD by 

more than 10% were considered confounders and included in the modelling process.  

The percentage used was arbitrarily chosen based on the size of the crude odds ratio of 

the exposure-disease association. 

 

For each conditional logistic model constructed, the process started with a full model 

that included all relevant main effects.  Variables were systematically removed from the 

models based on the significance of the likelihood ratio (LR) statistic using a cut-off p-

value of 0.05.  Biologically plausible interactions were then added to the model using a 

forwards approach, and retained in the model after assessing the LR statistic.  The 

goodness of fit of the model was evaluated by an assessment of the log likelihood 

statistic and the deviance. 

 

To explore the relationship between the duration of exposure to 3rd generation 

cephalosporins and CDAD, the CLR model was refitted including the independent 3rd 

generation cephalosporin variable as a continuous measure. 

 

6.2.7.2 The public health impact of ceftriaxone restriction 

 

To assess the public health impact of the ceftriaxone restriction policy on CDAD in 

SCGH, the population attributable risk proportion (PARP) also known as the 

attributable risk percent, and the expected percentage reduction in the incidence (EPRI) 

of CDAD resulting from a reduction in the level of exposure to 3rd generation 

cephalosporins, was calculated. 

 

The mathematical formula for calculating the PARP using relative risk measures was 

first described by Levin.361  The potential public health impact of 3rd generation 

cephalosporins was estimated using the formula described by Cole and MacMahon to 

obtain the PARP from odds ratios derived from case-control studies.362 
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 PARP = Pe (OR-1)   (6.1) 

 1+Pe (OR-1) 

 

In equation 6.1, the prevalence of exposure in the controls, given by Pe, reflects the 

prevalence of exposure in the population that gave rise to the cases.   

 

The data from the post-policy period (October 1998 – June 2000) of the study was used 

to estimate the reduction in incidence of CDAD after the introduction of the ceftriaxone 

policy, by including in the calculation the level of exposure to 3rd generation 

cephalosporins in the control population using the formula described by Ruta, Beattie 

and Narayan.363 

 

 EPRI = [1-(1-PARPa/PARPb)] x 100 (6.2) 

 

In equation 6.2, PARPa is the population attributable risk proportion at the current level 

of exposure, ie, the pre-policy period, and PARPb is the risk proportion if the prevalence 

of exposure is changed to a new level, ie, the post-policy period. 

 

6.2.7.3 Impact of CDAD: increased length of stay and costs 

 

The aim of this analysis was to determine the extent to which CDAD independently 

increased a patient's length of stay (LOS), and contributed to costs of hospitalisation.  In 

this set of analyses, continuous measures for the total LOS and cost of the admission 

(Australian dollars) were modeled as dependent variables, and the primary independent 

variable was CDAD.  For the analysis of risk factors described in section 6.2.7.1, 

patients that were diagnosed with CDAD at admission (see section 6.1.4) had risk factor 

information collected from the previous admission that was assumed to have been the 

inciting admission.  Data from the re-admission during which CDAD was diagnosed, 

were used for analysis of LOS and costs.. 

 

Potential confounders included in the analysis consisted of age, gender, Charlson Index, 

admission to the intensive care unit (ICU), and, the 15 ICD diagnostic categories 
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described previously.  Furthermore, the primary diagnosis, also categorised into the 

main ICD diagnostic groups, was analysed as separate independent variables, in 

addition to the diagnosis variables that comprised all diagnoses.  Unlike the ICD 

variables where patients can be assigned to more than one category, the primary 

diagnosis restricts classification to one category.  C.difficile ICD codes were removed 

from the dataset prior to analysis and prior to generation of the Charlson Index. 

 

The dependent variables were assessed for normality by inspecting histograms, 

boxplots, normal probability plots, and skewness and kurtosis indicators.  Where 

possible the dependent variables were transformed. 

 

Length of stay 

 

For LOS, univariate analyses consisted of the presentation of the median and range of 

LOS by categories of each variable of interest because LOS was severely skewed and 

could not be transformed to normality adequately (section 9.3.1).  Wilcoxon rank-sum 

tests were used to compare LOS of patients who were diagnosed with CDAD during 

their hospital stay (cases) and those who were not diagnosed with CDAD (controls).  

The relationship of the confounding variables with LOS were analysed using Wilcoxon 

rank-sum tests for dichotomous variables, the Kruskal-Wallis test for variables 

comprised of three or more groups, and Spearmans rank-order correlation for 

continuous variables. 

 

The independent contribution of CDAD to patient length of stay was analysed using 

multiple linear regression (MLR).  LOS (as a log transformed variable) was regressed 

on CDAD status and other variables that were statistically significantly associated with 

LOS and cost in the univariate analysis at the probability level of 0.1.  Variables were 

eliminated using a backwards approach removing the variable with the weakest 

association, using a criterion of p<0.05 for retention in the model. 

 

MLR diagnostics included an assessment of the tolerance and variance inflation factor 

(VIF) for each independent variable for collinearity between variables, inspection of 

plots of the standardised residuals versus continuous independent variables for linearity, 
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and standardised residuals versus fitted residuals for constant variance.  Normality of 

the residuals was assessed by inspection of a histogram and a normal probability plot. 

The influence of outliers was assessed using Cooks distance and DFFITS.364 

 

Cost 

 

For cost, a descriptive analysis consisted of the presentation of the mean and standard 

deviation, after transformation of the variable to a normal distribution, by categories of 

each of the other variables of interest as for LOS.  T-tests were used to compare mean 

costs between cases and controls, after testing for homogeneity of variance.  The 

relationship of the confounding variables with cost were analysed using t-tests for 

dichotomous variables, analysis of variance for variables comprised of three or more 

groups, and Pearson product-moment correlation for continuous variables. 

 

The independent contribution of CDAD to patient costs was analysed using two 

approaches; multiple linear regression, and robust regression using the method of 

iteratively reweighted least squares.  Cost (as a log-transformed variable) was regressed 

on CDAD status and other variables that were statistically significantly associated with 

cost in the univariate analysis at the probability level of 0.1.  Variables were eliminated 

using a backwards approach removing the variable with the weakest association, using a 

criterion of p<0.05 for retention in the model.  

 

The fit of the MLR model was assessed by examination of the adjusted coefficient of 

determination, R2.  MLR diagnostics used were previously described for LOS analyses.  

Robust regression diagnostics included an assessment of the normality of residuals 

using normal probability plots and histograms. 
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CHAPTER 7: RESULTS – THE STUDY POPULATION 
 

 

 

 

 

7.1 ASCERTAINMENT OF CDAD CASES 
 

This study aimed to collect exposure information on a group of 200 CDAD cases.  A 

total of 476 CDAD episodes from 419 SCGH inpatients were identified from January 

1996 to June 2000. 

 

A practical problem arose in the identification of cases that occurred between January 

and August 1996.  In September 1996 a new microbiology database was implemented 

that facilitated easy extraction of data.  However, a database that contained information 

prior to this date had been archived and data could not be accessed without assistance 

from a computer programmer.  The selection of the study population for the case-

control study had commenced prior to the availability of a programmer.  Therefore, in 

order to fulfill sample size requirements, cases from January to August 1996 were 

identified from the hospital’s patient administration database, TOPAS, using 

International Classification of Disease version 9-Clinical Modification (ICD-9-CM) 

code 08.45.  Cases identified based on ICD-9-CM codes could be manually identified in 

the archived laboratory database using the patient’s UMRN in order to confirm 

laboratory diagnosis. 

 

When laboratory data could be extracted at a later date, 42 episodes from 41 patients 

covering this period were identified that had not been included in the study because they 
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had not been allocated the ICD-9-CM code.  Twenty-two of the 42 episodes would 

otherwise have been eligible for inclusion in the study. 

 

Table 7.1 summarises the reasons for exclusion of cases.  A total of 193 CDAD 

episodes from 193 patients was eligible for inclusion in the study.   Failure to identify 

an episode of CDAD as hospital-acquired was the most common reason for exclusion, 

accounting for 27% of all episodes identified, and 46% of exclusions.  However, this 

study only evaluated patient admissions to SCGH and cannot assume that at least some 

of these patients had not had a recent admission to another healthcare facility.  The next 

most common reason for exclusion was a history of CDAD (12%). 

 

Table 7.1: Assessment of C.difficile positive patients for inclusion in a case-
control study of hospital-acquired CDAD 

 

Reason for exclusion Number of episodes (%) 

  
Not hospital-acquired 130 (27) 
History of CDAD 59  (12) 
No admission period identified 27 (6) 
Formed stool 22 (5) 
1996 non-ICD cases 22 (5) 
More than 1 episode during admission 12 (3) 
Other 4 (1) 
Other infectious cause 4 (1) 
Missing file 3 (1) 
Total 283 (60) 

 

 

To ensure cases were selected evenly over the study period, the distribution of cases and 

exclusions by year was assessed.  From Table 7.2, the proportion of patients included in 

the study, from all patients identified with C.difficile each year, ranged from a minimum 

of 33% in 1996 to a maximum of 55% in 1997. A relatively even distribution of cases 

was identified from each year of the study, except for 1996 where a larger number of 

cases were excluded because laboratory data up to August 1996 was not available until 

after the study population had been established. 
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Table 7.2: The distribution of C.difficile positive patients included in a case-
control study of hospital-acquired CDAD. 

 

Year C.difficile positive episodes (patients) Included cases (% patients) 

   

1996 139 (128) 42 (33) 

1997 123 (117) 64 (55) 

1998 129 (117) 53 (45) 

1999 59 (50) 25 (50) 

2000* 26 (21) 9 (43) 

Total 476 (419) 193 (46) 

 
* Cases were identified from January to June 2000. 
NB Total patients from entire study period =419, some patients identified in more than one year. 
 

 

Demographic features of the cases excluded from the study (n=226) were compared 

with those that were included (n=193).  A higher proportion of the excluded patients 

were female (60% versus 55%), however, this difference was not statistically significant 

(χ2=3.14, p=0.21).  The median age of excluded cases was 62 years (range 13-98), 

compared to 72 years (range 15-97) for included cases.  The age distribution exhibited a 

negative skew and a transformation that took the square of each value was used to 

normalise the distribution. The resulting geometric means were 63 years for excluded 

patients and 70 years for included patients.  A t-test using the transformed data, 

assuming equal variances, found a significant difference between the mean ages of the 

included and excluded cases (t=-3.81, p=0.000). 

 

7.2 ASCERTAINMENT OF CONTROLS 
 

Four controls were selected for each case from the HMDS.  As described in section 

6.2.4, the medical records of the first two controls identified for each case were 

reviewed for eligibility.  When a control was excluded, the next control on the list was 

reviewed.  In total 49 controls were excluded (from a total needed of 386) and replaced 

with alternative patients.  Reasons for exclusion are summarised in Table 7.3.  Controls 

were most frequently excluded because the medical record could not be located.  

Twelve controls (3%) had diarrhoea on admission, and five controls had more than 48 
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hours of diarrhoea during the admission.  Only two controls were excluded because they 

had positive tests for C.difficile during their hospital admission.  Twenty-three controls 

(6%) had less than 48 hours of diarrhoea documented in their file.  These were retained 

in the study but identified so that analyses could be undertaken to assess their influence 

as potential false negatives.  

 
Table 7.3: Assessment of control patients for inclusion in a case-control study of 

hospital-acquired CDAD. 

 

Reason for exclusion Number of controls (% controls) 

  

Missing file 15 (4) 

Diarrhoea on admission 12 (3) 

Presence or introduction of a stoma 8 (2) 

>48 hours of diarrhoea 5 (1) 

A history of CDAD 4 (1) 

Duplicate control 2 (0.5) 

Positive for C.difficile 2 (0.5) 

Diarrhoea at discharge resulting in readmission with CDAD 1 (0.2) 

Total 49 (12) 

 

 

7.3 DEMOGRAPHIC FEATURES OF THE STUDY POPULATION 
 

The final study population for the total period of the study, 1996 to 2000, consisted of 

193 patients in the CDAD case group, and 386 patients in the control group.  This was 

slightly less than the previously estimated sample size (n=600) required to detect with at 

least 80% power, at the 0.05 level of significance, an odds ratio of 2.0 associated with a 

factor present in 20% of controls.  Based on the final sample size, the power was 

recalculated to be 77%.   

 

Individual matching had been used in the research design to ensure a comparable male 

to female ratio and age distribution existed between the case and control groups.  Within 

the case group 106 (55%) were female; in the control group 205 (53%) were female.  

There was no significant difference between these proportions (χ2=3.12, p=0.077  
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[Wald test]).  The male to female ratios between the cases and controls were 

comparable indicating that matching had been effective (Table 7.4). 

 

Table 7.4: Distribution of demographic risk factors for cases and controls 

 

Factors 
Cases (%) 

n=193 

Controls (%) 

n=386 

   
Age (Years)   
<20 4 (2) 6 (1.5) 
20-29 4 (2) 12 (3) 
30-39 9 (5) 18 (4.7) 
40-49 17 (9) 36 (9.3) 
50-59 26 (13) 56 (14.5) 
60-69 23 (12) 42 (11) 
70-79 59 (31) 111 (29) 
80-89 31 (16) 82 (21) 
90-99 23 (12) 23 (6) 
Mean (geometric) 69.8 69.2 
SD 47.4 47.26 
   
Gender   
Males 87 (45) 181 (47) 
Females 106 (55) 205 (53) 
Male:Female ratio 1:1.2 1:1.3 
   
Admission quarter   
1996   
Jan-Jun 15 (7.8) 28 (7.2) 
Jul-Dec 33 (17) 76 (19.7) 
1997   
Jan-Jun 28 (14.5) 50 (13) 
Jul-Dec 37 (19) 74 (19) 
1998   
Jan-Jun 26 (13.5) 54 (14) 
Jul-Dec 21 (11) 40 (10.3) 
1999   
Jan-Jun 19 (9.8) 38 (9.8) 
Jul-Dec 5 (2.6) 11 (2.8) 
2000   
Jan-Jun 9 (4.7) 15 (4) 
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The median age for cases was 72 years (range 15-97) and for controls was also 72 years 

(range 17-96).  There was no statistically significant difference between the ages of each 

group (χ2=1.43, p=0.23 [Wald test]).  The even distribution of the proportions of cases 

and controls in 10-year age strata indicated that matching had effectively balanced the 

age distribution in each group (Table 7.4).  Matching on date of admission (to within 1 

month of cases) resulted in the selection of a similar proportion of cases and controls 

from each half-year period of the study (Table 7.4). 

 

7.4 DISCUSSION 
 

The final study size was slightly smaller than anticipated, although the power was not 

appreciably reduced.  Although cases and controls were identified over a relatively long 

period of time, 1996 to 2000, the patients entered into the study were relatively evenly 

distributed over this period.  Cases excluded from the study were on average 7 years 

younger than cases who were eligible (63 years versus 70 years).  

 

The main reasons for exclusion of cases were suspected non-hospital acquisition of 

C.difficile and a previous diagnosis of CDAD.  Cases were excluded from the study if 

they developed CDAD within 48 hours of admission, that is, there was 2 days or less 

between the date of admission and the specimen request date.  Only cases that had been 

admitted to SCGH within the previous 7 days, and who were diagnosed within 48 hours 

of the subsequent admission, were included in the study.  For practical and ethical 

reasons, it was not feasible to assess whether cases that developed CDAD within 48 

hours of admission had been admitted to other hospitals within the previous 7 days.  

Furthermore, exposure data for these cases would relate to exposures in another 

hospital, not SCGH.  In this study the role of 3rd generation cephalosporin antibiotics 

and the effect of restriction of these antibiotics in SCGH were of primary interest.  

Therefore, cases who acquired CDAD in the community or from another hospital were 

excluded. 
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CHAPTER 8: THE ROLE OF THIRD GENERATION 
CEPHALOSPORIN USE IN CDAD 

 

 

 

 

 

8.1 INTRODUCTION 
 

This chapter presents the results of the analysis of the role of 3rd generation 

cephalosporin antibiotics and CDAD in SCGH.  This analysis is restricted to the study 

population of SCGH inpatients who were hospitalised prior to the introduction of the 

ceftriaxone policy in October 1998; a total of 149 cases and 310 controls were available. 

 

8.2 DESCRIPTIVE ANALYSIS OF RISK FACTORS FOR CDAD 
 

In this section a full description of risk factors for CDAD identified in the study are 

presented.  This includes exposure to anti-infectives and other medication, procedures 

that were undertaken, and comorbidities including generation of the Charlson Index, 

and individual ICD-9-CM diagnosis categories. 

 

8.2.1 Antimicrobials 
 

Antimicrobial exposure was common in both cases and controls.  Although significantly 

more cases (86%) were exposed to antimicrobials than controls (44.5%), (χ2=47.5, 

p=0.000).  A consistently higher proportion of exposure to different antimicrobial 

classes was seen for cases (Table 8.1).  The distributions of risk factors for the study 

population from the total period, 1996 to 2000 are summarised in Appendix 6. 
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Table 8.1: Distribution of antimicrobial risk factors for cases and controls 

 

Risk factor 
Cases (%) 

n=149 

Controls (%) 

n=309* 
χ2 (p-value) 

    

Antibiotics 128 (86) 138 (44.7) 47.5 (0.00) 

Cephalosporins 85 (57) 79 (25.6) 35.3 (0.00) 

 1st generation 31 (21) 37 (12) 5.5 (0.02) 

 2nd generation 25 (16.8) 25 (8.1) 6.9 (0.01) 

 3rd generation 56 (37.6) 34 (11) 35.7 (0.00) 

 4th generation 6 (4.0) 0 (0) 0.0 (1.00) 

Penicillins 78 (52.3) 62 (20.1) 39.6 (0.00) 

 Beta-lactamase sensitive 17 (11.4) 23 (7.4) 1.8 (0.18) 

 Beta-lactamase resistant 26 (17.4) 26 (8.4) 7.5 (0.01) 

 Clavalunate combinations 55 (37) 22 (7.1) 42.6 (0.00) 

Lincosamides (clindamycin) 5 (3.4) 1 (0.32) 4.0 (0.04) 

Macrolides 12 (8.0) 17 (5.5) 1.0 (0.31) 

Quinolones 27 (18.1) 12 (3.9) 20.0 (0.00) 

Aminoglycosides 34 (23) 18 (5.8) 22.0 (0.00) 

Trimethoprim-sulphonamides 18 (12.1) 11 (3.6) 9.9 (0.00) 

Carbapenems 14 (9.4) 0 (0) 0.0 (1.00) 

Tetracyclines 2 (1.3) 1 (0.3) 1.3 (0.26) 

Glycopeptides 19 (12.7) 7 (2.3) 14.2 (0.00) 

Imidazole derivatives (metronidazole) 45 (30) 18 (5.8) 34.0 (0.00) 

    

Other antimicrobials    

Antimycobacterials 3 (2.0) 2 (0.6) 1.4 (0.23) 

Antivirals 10 (6.7) 0 (0) 0.0 (1.00) 

Antifungals 42 (28.2) 9 (3.0) 36.0 (0.00) 

    

Antimicrobial classes    

1 14 (9.4) 58 (18.8) 6.6 (0.01) 

2-3 52 (35) 68 (22) 9.0 (0.00) 

4-5 40 (26.8) 11 (3.6) 33.0 (0.00) 

≥6 25 (16.8) 4 (1.3) 21.0 (0.00) 

Median (range) 4 (1-12) 2 (1-6)  

 

* medication data missing for one control 

 

A significant difference in exposure to most of these classes was found except for beta-

lactamase sensitive penicillins, macrolides, carbapenems and tetracyclines.  Of the other 

antimicrobial classes, there was a significant difference in the proportion of cases and 
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controls exposed to antifungals.  Odds ratios (OR) and 95% confidence intervals (CI) 

adjusted for age and gender for each antimicrobial class are summarised in Table 8.2.  A 

further breakdown of the distribution of cases and controls by individual antimicrobials 

is given in Appendix 7. 

 

Table 8.2: Association of antimicrobial classes with CDAD 

 

Factor OR (95% CI) 

  

Antibiotics  8.59 (4.66-15.83) 

Cephalosporins  3.78 (2.44-5.86) 

 1st generation  1.90 (1.11-3.25) 

 2nd generation  2.22 (1.22-4.03) 

 3rd generation  5.00 (2.95-8.48) 

 4th generation  ND 

Penicillins  4.16 (2.67-6.48) 

 Beta-lactamase sensitive  1.58 (0.81-3.07) 

 Beta-lactamase resistant  2.37 (1.28-4.38) 

 Clavulanate combinations  6.44 (3.68-11.27) 

Lincosamides (clindamycin)  9.10 (1.06-78.43) 

Macrolides  1.48 (0.69-3.20) 

Quinolones  6.79 (2.94-15.71) 

Aminoglycosides  4.35 (2.37-8.01) 

Trimethoprim-sulphonamides  3.47 (1.60-7.54) 

Carbapenems  ND 

Tetracyclines  4.00 (0.36-44.11) 

Glycopeptides  5.31 (2.23-12.64) 

Imidazole derivatives (metronidazole)  6.34 (3.40-11.81) 

  

Other antimicrobials  

Antimycobacterials  3.00 (0.50-17.95) 

Antivirals  ND 

Antifungals  11.79 (5.29-26.27) 

  

Number of antimicrobial classes  

1  0.44 (0.24-0.82) 

2-3  1.98 (1.27-3.09) 

4-5  9.47 (4.42-20.27) 

≥6  16.18 (4.88-53.67) 

 

ND = not defined 
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Overall, 93 patients received a single class of antimicrobial (19 cases, 74 controls).  The 

median number of antimicrobial classes received for cases was four; for controls it was 

two.  There was a significant difference in the proportion of cases and controls exposed 

to various numbers of antimicrobial classes (Table 8.1).  The odds of exposure in cases 

increased over each stratum of antimicrobial combinations (Table 8.2).  After 

dichotomising the variable, the odds of exposure to more than two classes in cases was 

6.77 (95% CI=4.13-11.12) times that of controls. 

 

Only two cases and five controls were exposed to 3rd generation cephalosporins, solely, 

during their admission period.  For all patients who received 3rd generation 

cephalosporins, the median number of total antimicrobial classes received was three for 

controls (3rd generation cephalosporin plus two others) and four for cases (3rd generation 

cephalosporin plus three others) (Table 8.3).  For patients who received only one other 

class in addition to a 3rd generation cephalosporin (11 cases, 6 controls), the most 

common additional classes were 1st generation cephalosporins (5 cases, 3 controls) 

followed by metronidazole (4 cases, 1 control).  Other classes were aminoglycosides (1 

control), quinolones (1 case) and macrolides (1 in each group).  In total, the most 

common antimicrobial class received by patients in addition to a 3rd generation 

cephalosporin was imidazole derivatives, specifically metronidazole, that was 

prescribed in 34 cases and 8 controls who received 3rd generation cephalosporins.  Other 

common combinations were clavulanate containing penicillins, anti-fungal agents, 1st 

generation cephalosporins and quinolones (Table 8.3). 

 

Metronidazole and vancomycin (glycopeptide) are used for treatment of CDAD.  In the 

study population, metronidazole was prescribed at some point during the same period as 

a 3rd generation cephalosporin in 31 of the 34 cases and for all eight controls.  Of these, 

metronidazole was prescribed at onset of 3rd generation cephalosporin prescription in 26 

cases and all eight controls.  This indicates that metronidazole was prescribed 

commonly in combination with 3rd generation cephalosporins.  Vancomycin was 

received by 9 cases and 1 control (1 control received teicoplanin) at some point during 

their admission in addition to a 3rd generation cephalosporin.  However, only 5 cases 

received vancomycin at the same time, and in only one case was vancomycin 

commenced the same day as a 3rd generation cephalosporin, and all had vancomycin 
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administered parenterally.  For the control patient, vancomycin had commenced 15 days 

before commencement of 3rd generation cephalosporin.  There is some evidence 

therefore that metronidazole, but not vancomycin, was administered for prevention or 

treatment of CDAD. 

 

Table 8.3: Exposure to 3rd generation cephalosporins  

 

 
Cases 

n=149 

Controls 

n=309 

   

3rd generation cephalosporins   

   

Median number of antimicrobial classes (range) 4 (1-12) 3 (1-6) 

   

Additional classes received (%)   

Imidazole derivatives (metronidazole) 34 (23) 8 (2.6) 

Clavulanate penicillins 21 (14) 9 (3.0) 

Anti-fungal 18 (120 5 (1.6) 

Quinolones 18 (12) 4 (1.3) 

1st generation cephalosporin 14 (9.4) 8 (2.6) 

Aminoglycosides 13 (8.7) 3 (1.0) 

2nd generation cephalosporin 13 (8.7) 1 (0.3) 

Beta-lactamase sensitive penicillins 9 (6.0) 5 (1.60 

Macrolides 5 (3.4) 9 (3.0) 

Beta-lactamase resistant penicillins 12 (8.0) 1 (0.3) 

Glycopeptides 9 (6.0) 2 (0.6) 

Carbapenems 7 (4.7) 0 (0) 

   

   

Antibiotic days   

Median (range) 4 (1-30) 3 (1-8) 

Mean 5.93 3.20 

SD 4.92 1.61 

Average g/day   

Median (range) 1 (1-6) 1 (1-2) 

Mean 1.22 1.11 

SD 0.73 0.26 
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Other measures of exposure to 3rd generation cephalosporins included the number of 

antibiotic days, that is, the total number of days exposed to each individual antibiotic, 

and the average grams/day received, are summarised in Table 8.3.  The median number 

of 3rd generation cephalosporin antibiotic days was four for cases and three days for 

controls.  The maximum number of days of exposure to 3rd generation cephalosporins 

was 30 for one case, but only eight for controls.  The odds of exposure to more than 

three antibiotic days of 3rd generation cephalosporins for cases was 7.02 (95% CI=3.35-

14.71) times that of controls.  The median amount of 3rd generation cephalosporin 

received, as average grams per day, was similar for cases and controls, both 1 gram, but 

the range was wider for cases (1-6g) than controls (1-2g). 

 

8.2.2 Non-antimicrobial medication 
 

A number of other medications were also significantly associated with CDAD in the 

study population.  Odds ratios and 95% CIs are presented in Table 8.4.  The association 

between anti-diarrhoeal medication and CDAD was particularly strong.  However, in 

the case group 24 out of 27 patients exposed to anti-diarrhoeal agents had been exposed 

within 7 days prior to diagnosis. This suggests that these agents were given because of 

the diarrhoeal symptoms that lead to the diagnosis of CDAD. 
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Table 8.4: Distribution of non-anti-infective medication risk factors between 
cases and controls. 

 

Risk factor 
Cases (%) 

n=149 

Controls (%) 

n=309 
OR (95% CI) 

    

Gastrointestinal 134 (90) 170 (55)  7.01 (3.87-12.71) 

 Anti-diarrhoeals 27 (18) 4 (1.3)  13.5 (4.72-38.58) 

 Anti-ulcer 80 (53.7) 71 (23)  4.00 (2.54-6.27) 

 Anti-spasmodics 16 (10.7) 5 (1.6)  6.40 (2.34-17.47) 

 Digestive supplements 2 (1.3) 0 (0) ND 

 Laxatives 67 (45) 79 (25.6)  2.51 (1.61-3.89) 

Cardiovascular 115 (77) 214 (69)  1.70 (1.03-2.81) 

CNS medication 128 (86) 201 (65)  3.12 (1.85-5.28) 

Analgesia 145 (97.3) 251 (81)  11.0 (3.40-35.85) 

Musculoskeletal agents 52 (35) 65 (21)  2.14 (1.39-3.30) 

Endocrine agents 65 (43.6) 92 (29)  1.97 (1.29-3.02) 

Genitourinary agents 8 (5.4) 6 (2.0)  3.67 (1.09-12.32) 

Respiratory agents 53 (35.6) 51 (16.5)  2.85 (1.78-4.56) 

Chemotherapy    

 Current 15 (10) 11 (3.6)  3.72 (1.50-9.24) 

 Previous 19 (12.7) 10 (3.2)  4.58 (2.0-10.49) 

 Any 23 (15.4) 16 (5.2)  3.50 (1.73-7.09) 

    

 

ND = not defined 

 

 

8.2.3 Inpatient procedures 
 

Several procedures were also significantly associated with CDAD by univariate analysis 

(Table 8.5).  In particular, gastrointestinal procedures, both surgical and non-surgical, 

were strongly associated with CDAD.  Enteral feeding and the use of nasogastric tubes 

(NGT) were the most strongly associated non-surgical gastrointestinal procedures.  Of 

the 58 patients with a NGT, 30 also received enteric feeding.  The remainder had a NGT 

in place following gastrointestinal surgical procedures. 
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Table 8.5: Distribution of inpatient procedure risk factors between cases and 
controls. 

 

Risk factor 
Cases (%) 

n=149 

Controls (%) 

n=310 
OR (95% CI) 

    

Nutrition support 60 (40.3) 39 (12.6)  4.91 (2.96-8.12) 

 Enteral feeding 31 (21) 4 (1.3)  15.50 (5.47-43.90) 

 Parenteral feeding 11 (7.4) 0 (0) ND 

 Therapeutic diet 16 (10.7) 34 (11)  1.11 (0.59-2.11) 

 Oral nutrition support 21 (14) 6 (2.0)  8.12 (3.05-21.58) 

Surgical procedures 76 (51) 127 (41)   1.55 (1.02-2.34) 

 Abdominal 55 (37) 31 (10)  5.46 (3.15-9.49) 

  Upper GI 32 (21.5) 14 (4.5)  6.49 (3.08-13.67) 

  Oesoph, stomach, SI 23 (15.4) 4 (1.3)  14.8 (4.45-49.53) 

  Upper endoscopy 15 (10) 10 (3.2)  3.91 (1.58-9.66) 

  Lower GI 14 (9.4) 9 (2.9)  3.81 (1.53-9.49) 

  LI, rectal, anal 11 (7.4) 4 (1.3)  5.50 (1.75-17.27) 

  Lower endoscopy 5 (3.4) 6 (1.9)  2.00 (0.58-6.91) 

  Liver/biliary tract 8 (5.4) 9 (2.9)  1.85 (0.69-4.99) 

  Other (laparatomy, paracentesis) 21 (14) 4 (1.3)  10.50 (3.61-30.59) 

 Thoracic 25 (16.8) 14 (4.5)  4.18 (2.04-8.55) 

 Cardiovascular 12 (8.0) 27 (8.7)  0.91 (0.43-1.91) 

 Neurosurgical 17 (11.4) 11 (3.5)  3.27 (1.49-7.17) 

 Musculoskeletal 23 (15.4) 52 (16.8)  0.90 (0.52-1.55) 

 Urinary tract 5 (3.4) 6 (1.9)  2.00 (0.58-6.91) 

 Bone marrow/spleen 2 (2.3) 1 (0.3)  4.00 (0.36-44.11) 

 Lymphatic 6 (4.0) 2 (0.6)  6.00 (1.21-29.73) 

Non-surgical gastrointestinal 67 (45) 25 (8.1)  10.09 (5.44-18.73) 

 NGT 51 (34) 7 (2.3)  19.81 (7.90-49.69) 

 Enema 28 (18.8) 12 (4.0)  5.76 (2.71-12.27) 

 Colonic lavage 7 (4.7) 10 (3.2)  1.83 (0.63-5.290 

Non-surgical musculoskeletal 2 (1.3) 7 (2.2)  0.54 (0.10-2.79) 

Radiology (MRI or CT) 69 (46.3) 86 (27.7)  2.23 (1.48-3.35) 

Nuclear medicine 14 (9.4) 8 (2.6)  5.60 (2.02-15.55) 

Resuscitation 4 (2.7) 1 (0.3)  8.00 (0.89-71.57) 

Mechanical ventilation 23 (15.4) 6 (2.0)  10.78 (3.72-31.29) 

Urinary catheterisation 76 (51) 44 (14.2)  8.29 (4.65-14.79) 

Central vascular catheter 25 (16.8) 4 (1.3)  23.53 (5.56-99.58) 

Dialysis 10 (6.7) 2 (0.6)  10.00 (2.19-45.64) 

Blood/platelet transfusion 41 (27.5) 25 (8.1)  4.49 (2.50-8.07) 

 

ND = not defined 
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Abdominal surgical procedures in general were strongly associated with CDAD, 

however, upper gastrointestinal procedures, particularly surgery involving the 

oesophagus, stomach and small intestine, had the highest association (OR=14.8, 95% 

CI=4.45-49.53).  Other abdominal procedures that included laparotomy, paracentesis, or 

re-opening of the abdomen after surgery, were also strongly related to CDAD. 

 

Thoracic and neurosurgical procedures also exhibited a moderate association with 

CDAD.  Bone marrow or spleen procedures, lymphatic surgery, resuscitation, central 

vascular catheters, and dialysis had high odds ratios, but wide confidence intervals; 

highlighting a low prevalence of exposure in the study population.  Other procedures 

with moderate to strong associations included radiology, nuclear medicine, mechanical 

ventilation, urinary catheterisation, and blood or platelet transfusion. 

 

8.2.4 Comorbidity 
 

As discussed in the methods section, any underlying disease was measured using an 

adaptation of the Charlson Comorbidity Index, as well as the major disease 

classifications from ICD-9-CM codes.  The results of the univariate analyses of these 

variables are presented in Table 8.6. 

 

The median Charlson score was 4 (range 0-28) for cases and 0 (range 0-19) for controls.  

The OR of the Charlson Index, dichotomised by the median of controls, was 3.88 (95% 

CI=2.46-6.12).  Of the individual disease classifications, infection (other than 

C.difficile) was most strongly associated with CDAD.  Diagnosis with a disease of the 

digestive system was also strongly related to CDAD.   Associations of a moderate 

strength were also found for neoplasia, diseases of blood, respiratory disease, 

genitourinary conditions, skin and subcutaneous conditions, and injury and poisoning.  

The classification “symptoms, signs and ill-defined conditions” was also moderately 

related to CDAD. 
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Table 8.6: Distribution of comorbidity risk factors between cases and controls. 

 

Risk factor 
Cases (%) 

n=149 

Controls (%) 

n=310 
OR (95% CI) 

    

Charlson Index    

Median (range) 4 0 - 

Range 0-28 0-19  

Mean 4.66 1.70 - 

SD 5.18 2.53 - 

Charlson index = 0 37 (24.8) 172 (55.5)  0.26 (0.16-0.41) 

Charlson index ≥ 0 112 (75) 138 (44.5)  3.88 (2.46-6.12) 

    

Neoplasia 50 (33.6) 41 (13.2)  3.46 (2.08-5.75) 

Infection 91 (61) 37 (12) 12.57 (6.85-23.05) 

Endocrine, nutritional, metabolic 79 (53) 109 (35.2)  2.28 (1.48-3.52) 

Blood and blood forming organs 59 (40) 38 (12.3)  4.31 (2.64-7.04) 

Mental 41 (27.5) 55 (17.7)  1.75 (1.08-2.83) 

Nervous system 49 (33) 56 (18)  2.33 (1.47-3.69) 

Circulatory 99 (66.4) 192 (62)  1.32 (0.83-2.10) 

Respiratory 85 (57) 92 (29.7)  3.18 (2.09-4.82) 

Digestive system 92 (61.7) 71 (23)  7.40 (4.29-12.75) 

Genitourinary 69 (46.3) 65 (21)  3.55 (2.27-5.56) 

Skin and subcutaneous 37 (24.8) 21 (6.8)  4.70 (2.53-8.76) 

Musculoskeletal 48 (32.2) 82 (26.4)  1.38 (0.89-2.14) 

Congenital 6 (4.0) 8 (2.6)  1.62 (0.50-5.18) 

Symptoms, signs and ill-defined conditions  87 (58.4) 90 (29)  3.28 (2.16-4.98) 

Injury and poisoning 76(51) 70 (22.6)  3.36 (2.19-5.15) 

    

 

 

8.2.5 Other miscellaneous risk factors 
 

The length of stay (LOS), up to the date of diagnosis of CDAD for cases and the total 

LOS for controls, was much longer for cases than controls.  The median LOS for cases 

was 14 days compared to only 4 days for controls (Table 8.7).  The proportion of 

patients hospitalised for more than 4 days was much higher for cases and controls.  The 

OR of the dichotomised LOS variable was 20.13 (95% CI=8.76-46.30). 
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An intensive care stay was strongly associated with CDAD (OR=12.75, 95% CI=4.47-

36.40).  Admission from another healthcare facility, such as another hospital, a nursing 

home or residential hostel, was weakly associated with CDAD, but there was no 

association between CDAD and emergency admissions. 

 

Table 8.7: Distribution of miscellaneous risk factors between cases and controls 

 

Risk factor 
Cases (%) 

n=149 

Controls (%) 

n=310 
OR (95% CI) 

    

Length of stay    

Median 14 4 - 

Range 3-182 3-130  

Mean 21.84 6.33 - 

SD 26.90 8.99 - 

LOS ≤ 4 13 (8.7) 168 (54.2)  0.05 (0.02-0.11) 

LOS > 4 136 (91.3) 142 (45.8)  20.13 (8.76-46.30) 

    

ICU admission 32 (21.5) 13 (4.2)  12.75 (4.47-36.40) 

Admitted from other hospital, nursing home or hostel 46 (31) 49 (15.8)  2.50 (1.53-4.09) 

Emergency admission 95 (63.8) 221 (71.3)  0.77 (0.52-1.16) 

    

 

 

 

8.3 IDENTIFICATION OF CONFOUNDERS 
 

The crude OR for the association between 3rd generation cephalosporin antibiotics and 

CDAD was presented in section 8.2.1 as 5.00 (95% CI=2.95-8.48).  The adjusted ORs 

for the relationship between 3rd generation cephalosporins and CDAD were calculated 

adjusting for other risk factors for CDAD found to have a statistically significant 

association with CDAD in the univariate analyses.  As alluded to in the methods, a 

change in the odds ratio for the relationship between 3rd generation and cephalosporins 

and CDAD by more than 10% by an extraneous factor was considered evidence for 

confounding of this relationship.  Confounders that were identified through this process 

are summarised in Table 8.8. 
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Table 8.8: Confounders of the association between 3rd generation cephalosporin 
exposure and CDAD 

 

Factor OR (95% CI) Likelihood ratio (p-value) 

   
Crude OR 5.00 (2.95-8.48)  
   
Other antimicrobial classes   
Imidazole derivatives (metronidazole) 3.06 (1.69-5.52)  14.4 (0.00) 
Quinolones 4.10 (2.37-7.08)  12.2 (0.00) 
Clavalunate containing penicillins 4.32 (2.42-7.70)  38.7 (0.00) 
Carbapenems 4.27 (2.49-7.33)  20.4 (0.00) 
Anti-fungal agents 3.58 (2.03-6.31)  35.9 (0.00) 
   
Other medication   
All gastrointestinala 4.46 (2.49-7.97)  47.4 (0.00) 
 Anti-diarrhoeal agents 4.24 (2.46-7.32)  27.3 (0.00) 
 Laxatives (GI) 4.37 (2.55-7.49)  8.6 (0.00) 
 Antispasmodic (GI) 4.40 (2.56-7.54)  7.0 (0.01) 
 Laxatives or antispasmodic 4.24 (2.47-7.29)  10.6 (0.00) 
 Laxatives, antispasmodic or anti-diarrhoeal 3.97 (2.29-6.88)  21.0 (0.00) 
Respiratory 4.32 (2.52-7.42)  9.9 (0.00) 
   
Procedures   
Non-surgical gastrointestinalb 3.54 (1.91-6.55)  54.5 (0.00) 
 NGT 3.89 (2.09-7.25)  58.2 (0.00) 
 Enema 4.28 (2.48-7.40)  13.5 (0.00) 
 NGT or enema 3.64 (1.98-6.70)  50.5 (0.00) 
Any nutrition supportc 4.40 (2.49-7.77)  32.1 (0.00) 
 Enteral feeding 3.77 (2.12-6.69)  26.9 (0.00) 
 Parenteral feeds 4.17 (2.43-7.17)  12.4 (0.00) 
 Enteral or parenteral 3.56 (1.99-6.38)  32.2 (0.00) 
Abdominal surgicald 3.94 (2.25-6.91)  26.6 (0.00) 
 Upper GI surgery (including upper endoscopy) 4.38 (2.51-7.65)  19.1 (0.00) 

 Other (laparotomy, paracentesis) 4.39 (2.53-7.60)  17.0 (0.00) 
 Upper GI or lap/para 4.32 (2.44-7.62)  27.1 (0.00) 
Blood/platelet transfusion 4.27 (2.46-7.41)  16.6 (0.00) 
Central vascular catheter 3.59 (2.06-6.26)  19.5 (0.00) 
Urinary catheterisation 4.37 (2.37-8.05)  55.1 (0.00) 
Radiology 4.48 (2.62-7.66)  8.0 (0.00) 
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Table 8.8 continued. 
 

Factor OR (95% CI) Likelihood ratio (p-value) 

   
Comorbidity   
Charlson Index   
 0 4.59 (2.63-8.01)  31.3 (0.00) 
 1-2 5.02 (2.96-8.52)  0.5 (0.48) 
 3-4 5.07 (2.98-8.63)  1.6 (0.20) 
 >4 4.42 (2.51-7.76)  35.7 (0.00) 
Infection 2.95 (1.55-5.63)  79.1 (0.00) 
Respiratory disease 3.98 (2.30-6.88)  7.1 (0.00) 
Digestive system 4.08 (2.25-7.41)  3.5 (0.00) 
Blood and blood forming organs 5.62 (3.13-10.10)  6.7 (0.00) 
Injury or poisoning 5.60 (3.13-10.02)  1.8 (0.00) 
   
Length of stay (days)   
 1-4 4.81 (2.47-9.35)  2.1 (0.00) 
 5-10 4.99 (2.91-8.56)  .0 (0.98) 
 >10 2.13 (1.03-4.38)  03.6 (0.00) 
    

 
a anti-diarrhoeal, laxatives, anti-ulcer, antispasmodics, digestive supplements 
b NGT, enema, colonic lavage 
c  enteral feeding, parenteral feeding, therapeutic diet, oral supplementation 
d upper GI surgical procedure, lower GI surgical procedure, liver/biliary tract, other (laparotomy, paracentesis etc). 

 

Other risk factors that did not confound the relationship between 3rd generation 

cephalosporins and CDAD are presented in Appendix 8.  Antimicrobials identified as 

confounders included metronidazole, quinolones, clavulanate-containing penicillins, 

and anti-fungal agents.   

 

Data presented in section 8.2.1 provided descriptive evidence for the prescription of 

metronidazole in combination with 3rd generation cephalosporins.  The bivariate 

analysis presented here also implies a strong relationship between 3rd generation 

cephalosporins and metronidazole. 

 

Gastrointestinal medication as a group and individual subgroups, except for anti-ulcer 

medication, were identified as positive confounders, and each had a similar effect on the 

adjusted OR, even when anti-diarrhoeals were removed from the calculation.  Anti-
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diarrhoeals were excluded from further analyses because of the indication that they were 

prescribed for CDAD (section 8.2.2).  Other confounders included respiratory 

medication, non-surgical gastrointestinal procedures (NGT or enema), enteral or 

parenteral feeding, abdominal surgical procedures (upper gastrointestinal surgery or 

endoscopy, other gastrointestinal procedures, e.g, laparotomy or paracentesis), several 

non-gastrointestinal procedures and comorbidities including infection.  The Charlson 

Index and LOS were both confounders and potential effect modifiers of the relationship 

between 3rd generation cephalosporins and CDAD. 

 

8.4 MULTIVARIATE ANALYSIS 
 

The initial saturated models of 3rd generation cephalosporin exposure and CDAD 

consisted of the confounders identified in section 8.3.  Composite variables were 

generated for non-gastrointestinal procedures, gastrointestinal procedures, and 

diagnoses so that the models could be adjusted without the power of the model being 

disadvantaged by the inclusion of a large number of variables.  LOS and Charlson Index 

were recoded as dummy variables based on the median value for the controls.  Details 

of the variables entered into the initial models are given in Table 8.9. 
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Table 8.9: Exposure variables included in conditional logistic regression models. 

 

Exposure variable 
Factors included in composite 

variables 
Data type 

   

3rd generation cephalosporin  Binomial, continuous 

Clavulanate-penicillins  Binomial 

Quinolones  Binomial 

Imidiazole derivatives  Binomial 

Antifungals  Binomial 

GI medication Laxatives Binomial 

 Anti-spasmodics  

Respiratory medication  Binomial 

Nutrition support Enteral feeding Binomial 

 Parenteral feeding  

Gastrointestinal procedures Upper GI surgery Binomial 

 Upper endoscopy  

 Laparotomy, paracentesis  

 NGT  

 Enema  

Non-gastrointestinal procedures CVC Binomial 

 Urinary catheterization  

 Blood/platelet transfusion  

 Radiology  

Diagnoses Infection Binomial 

 Respiratory disease  

 Disease of the digestive system  

 
Diseases of blood and blood-

forming organs 

 

 Injury and poisoning  

Charlson index  Binomial 

Length of stay  Binomial 

 

 

8.3.1 Effect of third generation cephalosporin use on CDAD 
 

The output of the most parsimonious conditional logistic regression (CLR) model is 

presented in Table 8.10.   The odds of CDAD increased six-fold if exposed to 3rd 

generation cephalosporin antibiotics during the hospital admission, after adjustment for 

confounding.  In addition, the odds of CDAD increased more than four times if exposed 

to clavulanate-containing penicillin antibiotics.   
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Table 8.10: Model for the relationship of 3rd generation cephalosporins and CDAD 

 

Variable OR SE 95% CI LR test (p-value) 

     

Main effects     

     

3rd generation cephalosporin 6.17 4.33 1.56-24.37  7.2 (0.01) 

Clavulanate-containing penicillins 4.23 1.84 1.81-9.93  12.8 (0.00) 

GI proceduresa 10.36 5.02 4.00-26.80  31.9 (0.00) 

Diagnosesb 5.85 3.87 1.60-21.39  9.2 (0.00) 

LOS > 4 days 13.59 7.04 4.93-37.49  40.7 (0.00) 

Charlson index >0 5.37 2.64 2.04-14.10  14.1 (0.00) 

     

Interactions     

     

3rd generation cephalosporin * charlson 

index >0 
0.17 0.15 0.03-0.93  4.3 (0.04) 

     

Log likelihood –54.59     

Deviance 109.2     

     

 
a gastrointestinal procedures (gastrointestinal surgical [upper gastrointestinal surgery, upper endoscopy and other 

laparatomy/paracentesis procedures] and non-surgical gastrointestinal procedures [nasogastric tube, enema]) 
b infection, respiratory disease, disease of digestive system, diseases of blood and blood forming organs, injury or poisoning 

 

 

8.3.2 Effect of other antibiotics on CDAD 
 

In order to assess whether any other antibiotics were independently related to CDAD, 

the model was refitted including antibiotics that were statistically significantly 

associated with CDAD by univariate analysis, but had not been included in the previous 

model.  However, the model retained none of the other antibiotics and the same model 

as that presented in Table 8.10 resulted. 
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8.3.3 Effect of the duration of exposure to third generation 
cephalosporins 

 

A final CLR model was constructed using the number of days patients were exposed to 

each 3rd generation cephalosporin (antibiotic days) as the main independent variable of 

interest.  The model from section 8.3.1 was refitted substituting the dichotomous 3rd 

generation cephalosporin variable with the number of antibiotic days as a continuous 

variable (Table 8.11). The results of the analysis indicate that the risk of CDAD 

increased by 25% for each additional day of exposure to 3rd generation cephalosporins. 

 

Table 8.11: Model for the effect of duration of exposure to 3rd generation 
cephalosporins 

 

Variable OR SE 95% CI LR test (p-value) 

     

Main effects     

     

3rd generation cephalosporin 

(antibiotic days) 
1.25 0.11 1.05-1.50  9.1 (0.00) 

Clavulanate-containing penicillins 5.06 2.26 2.11-12.13  15.6 (0.00) 

GI proceduresa 9.27 4.45 3.61-23.78  28.6 (0.00) 

Diagnosesb 4.51 2.69 1.40-14.51  7.9 (0.00) 

LOS > 4 days 11.68 5.98 4.28-31.89  36.2 (0.00) 

Charlson index >0 3.10 1.26 1.40-6.86  8.5 (0.00) 

     

Log likelihood –-53.64     

Deviance 107.3     

     

 

 

8.4 PUBLIC HEALTH IMPACT 
 

From the models in tables 8.10 and 8.11 it is clear that exposure to 3rd generation 

cephalosporin antibiotics predicted the likelihood of acquiring CDAD during an 

inpatient admission to SCGH.  The potential public health impact of 3rd generation 

cephalosporins was estimated using the population attributable risk proportion (PARP) 

formula described in section 6.2.7.1.  Estimates of the PARP were obtained using the 
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ORs from the model generated in section 8.3.1.  The minimum and maximum estimates 

of the PARP were calculated by substituting the upper and lower bounds of the 95% CIs 

of the ORs into equation 6.1.  Table 8.12 describes the results of these calculations. 

 

Table 8.12: Population attributable risk proportions (PARP) 

 

Measure PARP (%) Minimum and maximum PARP estimate (%) 

   

3rd generation cephalosporin  36.2 3.4-72 

Clavulanate-penicillins  18.6 5.4-38.8 

   

 

 

These results indicate that approximately one third of CDAD acquired by inpatients of 

SCGH prior to the introduction of the ceftriaxone policy could be attributed to exposure 

to 3rd generation cephalosporins, and one fifth of CDAD could be attributed to 

clavulanate-containing penicillins.  The prevalence of exposure to 3rd generation 

cephalosporins in the control population during the pre-policy period of the study was 

11%; during the post-policy period it was only 1.3%.  For clavulanate-containing 

penicillins the prevalence of exposure in the controls was 7% prior to October 1998, and 

decreased to 3.9% during the post-policy period. 

 

The expected percentage reductions in the incidence (EPRI) of CDAD resulting from a 

reduction in exposure to 3rd generation cephalosporins and clavulanate-containing 

penicillins, to 1.3% and to 3.9% respectively, were calculated using the equation 6.2 

described in section 6.2.7.1.   

 

From Table 8.13, a reduction in the incidence of CDAD by approximately 30% could 

occur if exposure to 3rd generation cephalosporins was reduced to 1%.  From these 

results, although a substantial decrease in the prevalence of exposure to clavulanate-

containing penicillins was apparent, the expected reduction in the incidence of CDAD 

was only 8%. 
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Table 8.13: Expected percentage reduction in the incidence of CDAD (EPRI) 

 
Exposure Prevalence of 

exposure in 

control group 

(Pe) 

% CDAD attributable to 

exposure (PARP) at pre-

policy prevalence of 

exposure 

New exposure 

level during post-

policy period (%) 

Expected reduction in 

CDAD incidence if 

exposure decreased to 

1.3% 

     

3rd generation 

cephalosporin  

11 36 1.3 31.7 

     

Clavulanate-

penicillins  

7.1 19 3.9 8.3 

     

 

 

 

8.5 DISCUSSION 
 

In this chapter, the relationship between the use of 3rd generation cephalosporin 

antibiotics and illness due to C.difficile infection in SCGH inpatients was investigated.  

The data collected from the case-control study were used to explore three hypotheses.  

Firstly, that 3rd generation cephalosporin use is associated with CDAD, secondly, that 

greater 3rd generation cephalosporin use will increase the likelihood of CDAD, and 

thirdly, that reduced 3rd generation cephalosporin use will reduce the incidence of 

CDAD. 

 

The results from these analyses supported these hypotheses.  Exposure to 3rd generation 

cephalosporins during a hospital admission was associated with CDAD (OR=6.17, 95% 

CI=1.56-24.37) after adjusting for the influence of confounders.  Although this 

association is statistically significant, the wide confidence interval indicates some 

imprecision in the estimate.  The duration of exposure to 3rd generation cephalosporins, 

measured as antibiotic days, was also found to be important for CDAD.  For each 

additional day of exposure, the risk of CDAD increased by 25%.  However, the results 

for the duration of 3rd generation cephalosporin use varied from an increase of 5% to 

50% reflecting the same imprecision.  The power of the study using 149 cases and 310 
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controls was calculated to be merely 48%; therefore a study with a larger sample size 

would increase the precision of these associations.   

 

The first two hypotheses tested in this chapter were concerned with the strength of the 

association between 3rd generation cephalosporins and CDAD.  However, it is useful to 

understand how much of the disease that occured could be attributed to 3rd generation 

cephalosporins, and how changes in the level of exposure to these antibiotics could 

influence the incidence of CDAD.  From these data, approximately one third of CDAD 

occurring in SCGH inpatients could be attributed to 3rd generation cephalosporins.  

During the post-policy period of the study, exposure to 3rd generation cephalosporins in 

the control group was only 1.3%, compared to 11% during the pre-policy period.  

Calculation of the EPRI indicated that the incidence of CDAD would fall by 

approximately 30% in response to a reduction in exposure of this magnitude.  

 

Several studies have previously reported an association between 3rd generation 

cephalosporins and CDAD.  However, as demonstrated in chapter 5, the results are 

variable and most studies are limited by inappropriate adjustment for confounders and 

inadequate sample sizes.  With regard to the latter, either statistically insignificant 

associations or significant associations with wide confidence intervals are reported.  For 

example, in one multivariate analysis an odds ratio of 4.1 (95% CI 0.9-18.6) was 

reported, however, only 8 CDAD cases were included in the analysis.177  Nath et al.218 

reported an odds ratio of 26 (95% CI 5.67-119.2) for the 3rd generation cephalosporin 

ceftazidime from a multivariate analysis of risk factors during an outbreak of CDAD.  

This study was larger consisting of 80 cases and 80 controls, but the prevalence of 3rd 

generation cephalosporin exposure in controls was only 3.7%. 

 

Although some larger cross-sectional studies have been undertaken, these generally 

consist of a small number of cases and a disproportionately large number of controls.202, 

204  The study described in this chapter is the largest study designed to date in so far that 

it includes the largest number of CDAD cases.  Despite this, there is evidence from the 

results that in order to estimate the association of 3rd generation cephalosporins with 

CDAD with precision, an even larger sample size is required.  Based on an exposure 
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prevalence of 11%, a sample size of 400 cases and 800 controls would be needed to 

detect an odds ratio of 2.0 with 85% power with an alpha value of 0.05. 

 

Clavulanate-containing penicillins were also found to be associated with CDAD.  

Amoxicillin in combination with clavulanic acid (Augmentin, Clamoxyl, Ausclav), 

administered orally, and ticarcillin in combination with clavulanic acid (Timentin), 

administered parenterally, were analysed as a single variable because the prevalence of 

exposure was too low to analyse as individual variables (Appendix 7). However, by 

univariate analysis they each had a similar association with CDAD; the odds ratio for 

amoxicillin-clavulanate was 5.54 (95% CI=2.87-10.70), for ticarcillin-clavulanate it was 

6.23 (95% CI=2.68-14.70).  Only five patients were exposed to both antibiotics (3 cases 

and 2 controls), therefore it is unlikely that the effect of one is masking the other.  

Clavulanic acid is a beta-lactam derivative with low antibacterial activity; however, it is 

a strong inhibitor of beta-lactamase activity.  It is therefore used in combination with 

beta-lactamase sensitive antibiotics to overcome beta-lactamase resistance in bacteria 

that are normally susceptible. 

 

Evidence for the role of clavulanic acid in CDAD from the literature is weak.  From the 

observational studies examined in chapter 5, three studies reported very weak and 

statistically insignificant associations for amoxicillin-clavulanate.203, 210, 213  A recently 

published trial of the effects of amoxicillin-clavulanic acid on normal intestinal 

microflora reported C.difficile colonisation in three of twelve volunteers (25%).365  In a 

larger study of 76 children with otitis media who were treated with amoxicillin-

clavulanic acid, 8% developed CDAD.366  By contrast, Anand et al. found no 

relationship between ticarcillin-clavulanate in a study of 60 hospitalised adults with 

CDAD despite being the most commonly used antibiotic.306  Biologic evidence that 

amoxicillin-clavulanate disrupts the intestinal microflora allowing colonisation with 

C.difficile, and the association of clavulanic acid with CDAD resulting from the case-

control data described in this chapter, indicate a causal role for clavulanic acid.  

Exposure to clavulanic acid also declined during the post policy period; the expected 

percentage reduction in the incidence of CDAD associated with this change was 

approximately 8%.  The decline in use could be attributed to a restriction in the use of 

ticarcillin-clavulanate that was introduced at the same time as the policy that restricted 
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ceftriaxone use.  Ticarcillin-clavulanate prevalence in the control group prior to the 

policy was 2.3%, and 0% during the post-policy period; amoxicillin-clavulanate was 

5.5% pre-policy and 4% post-policy.  Thus the overall fall seen for this antibiotic group 

might be due to a fall in ticarcillin-clavulanate. 

 

By contrast, no independent association was found for quinolone antibiotics, the most 

common of which was ciprofloxacin (Appendix 7).  This is in contrast to three 

published studies that undertook multivariate analyses and identified ciprofloxacin as an 

independent predictor of CDAD.  The reported odds ratios for ciprofloxacin from these 

studies were 3.81 (95% CI 1.05-13.79),218 2.57 (p=0.007),213 and 9.5 (95% CI 1.01-

88.4).215  However, the lower bounds of the 95% confidence intervals in two of these 

studies are close to 1.0, and therefore provide evidence for lack of an effect; these 

results should be interpreted with caution.215, 218  Furthermore, none of these studies 

adequately adjusted for all confounders.  A previous study conducted in SCGH that 

prospectively investigated 213 patients receiving ciprofloxacin monotherapy, failed to 

show any association between CDAD and ciprofloxacin.367 

 

As indicated previously, the results of this study were somewhat limited by the use of a 

smaller sample size than needed.  Other potential limitations that need to be considered 

include diagnostic suspicion bias because cases were identified from laboratory records.  

However, by restricting the analysis to only the portion of the study population that 

were inpatients prior to the implementation of the ceftriaxone policy, bias due to an 

awareness of the relationship between ceftriaxone and CDAD is likely to have been 

minimised.  Testing criteria used by the laboratory (Chapter 3) include a history of 

antibiotic exposure as sufficient indication to test for C.difficile.  Therefore, diagnostic 

suspicion bias may result if a significant proportion of cases were tested solely based on 

antibiotic exposure with no evidence of symptoms. Therefore, although excluding from 

the study cases with a stool description of ‘formed’ was not an ideal approach to 

studying only symptomatic cases, the aim was to reduce the likelihood of the inclusion 

of asymptomatic cases, and therein minimise the effect of any bias. 

 

In this study, all potential confounders were considered.  Gastrointestinal procedures, in 

addition to being a confounder of the relationship between 3rd generation cephalosporins 
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and CDAD, are likely to increase the likelihood of exposure to C.difficile if 

instrumentation used in these procedures are contaminated with C.difficile or its spores.  

These findings are consistent with other studies.206, 208  In this study, only upper 

gastrointestinal procedures were found to be important.  Unfortunately, due to the large 

number of confounders identified, composite variables for procedures and diagnoses 

had to be generated that precluded more detailed modelling of individual factors within 

these groups.  A potential limitation of the study was the failure to incorporate the effect 

of geographic location on exposure to C.difficile.  Chang and Nelson202 demonstrated 

that close proximity to patients with CDAD, or occupying a room previously occupied 

by a patient with CDAD, increased the risk of becoming infected.  However, the aim of 

the study was to estimate the association between 3rd generation cephalosporins and 

CDAD after accounting for the influence of extraneous variables, and not to evaluate 

the role of every potential risk factor.  It is unlikely that controlling for the effect of 

geographic location within a hospital will seriously influence the association between 

antibiotics and CDAD given the strength of association after controlling for a variety of 

procedures that increased the risk of exposure to C.difficile and the biological evidence 

for the role of antibiotic exposure in CDAD.  Issues related to the validity and reliability 

of the study are discussed further in Chapter 10. 

 

The evidence from this study indicates that 3rd generation cephalosporin antibiotics 

were central to the aetiology of CDAD in SCGH prior to the introduction of a policy 

that restricted ceftriaxone use.  In addition clavulanic acid, in combination with 

penicillins (amoxicillin or ticarcillin), was identified as an important contributor to 

CDAD. Evidence for a reduction in the incidence of CDAD by more than 30% due to 

reduced consumption of 3rd generation cephalosporins, and by approximately 8% due to 

reduced clavulanic acid consumption was demonstrated. 
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CHAPTER 9: THE CONTRIBUTION OF CDAD TO LENGTH OF 
STAY AND FINANCIAL BURDEN 

 

 

 

 

 

9.1 INTRODUCTION 
 

This chapter explores the burden of CDAD on hospital resources in terms of an 

extended length of stay (LOS) for CDAD cases, and the financial burden imposed on 

the hospital.  Data collected from the entire study period, January 1996 to June 2000, 

were included in these analyses (193 CDAD cases and 386 controls).  Baseline 

characteristics are reconsidered in section 9.2 because, for CDAD cases that were 

hospital re-admissions, data on LOS and comorbidities from the readmission period 

were used for the analyses in this chapter. 

 

9.2 BASELINE CHARACTERISTICS OF THE STUDY POPULATION 
 

As for section 7.3, the median age of the study population was 72 years (range 15-97).  

Sixty-three percent of the population was aged more than 65 years, and 54% were 

female.  The median Charlson Index value was 0 (range 0-19) for controls and 4 (range 

0-28) for cases. 

 

Table 9.1 summarises the distribution of patients that comprised the study population by 

various baseline characteristics.  The most common primary diagnosis was 'disease of 

the circulatory system' followed by the group 'injury and poisoning.'  Diseases of the 

circulatory system were also the most commonly diagnosed classification when all 



  Chapter 9 

 

 

138 

allocated diagnoses codes were considered.  Infections only accounted for 2.2% of 

primary diagnoses, but 27% of all diagnoses. Of the 13 patients with a primary 

diagnosis of infection, two of these were CDAD cases that had been re-admitted with 

C.difficile infection following a recent previous admission. Forty-four patients (7.6%) 

died during the admission period studied, 38 of these were CDAD cases. 

 

Table 9.1: Baseline characteristics of the study population used to investigate 
the impact of CDAD in SCGH. 

 
Characteristic Number of patients (%) 

  

Age ≤ 65 years 214 (37) 

Age 66-80 years 221 (38) 

Age > 80 years 144 (25) 

Female 311 (54) 

Charlson Index 0 270 (47) 

Charlson Index 1-2 91 (16) 

Charlson Index 3-4 77 (13) 

Charlson Index >4 141 (24) 

  

Diagnosis Primary Any 

Infectious and parasitic 13 (2.2) 160 (27) 

Neoplasia 62 (11) 121 (21) 

Endocrine, nutrition, metabolic and immunological 16 (2.7) 240 (41) 

Disease of blood and blood-forming organs 9 (1.5) 126 (22) 

Mental disorders 12 (2.1) 125 (22) 

Nervous disorders 11 (1.9) 136 (23) 

Diseases of the circulatory system 146 (25) 368 (63) 

Diseases of the respiratory system 51 (9) 213 (37) 

Diseases of the digestive system 68 (12) 202 (35) 

Genitourinary 19 (3.3) 169 (29) 

Skin and subcutaneous 14 (2.4) 72 (12) 

Musculoskeletal 26 (4.5) 156 (27) 

Congenital anomalies 2 (0.3) 16 (3) 

Symptoms, signs and ill-defined conditions 35 (6) 221 (38) 

Injury and poisoning 88 (15) 197 (34) 

Supplementary factors influencing health status 7 (1.2) - 
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9.3 THE EFFECT OF CDAD ON LENGTH OF STAY 
 

9.3.1 Univariate analysis 
 

The median LOS for the study population was 6 days (range 2-215).  Descriptive 

statistics of the LOS for CDAD cases and controls, and other factors are presented in 

Table 9.2.  

  

The median total LOS was 23 days longer for CDAD cases compared to controls.  The 

median LOS also increased with a Charlson Index score greater than 4.  Patients aged 

more than 65 years had a median LOS 2 days longer than patients aged less than 65 

years.  Patients with a primary diagnosis of infection (excluding C.difficile) had a 

significantly longer LOS.  Other primary diagnosis categories that had a significantly 

different LOS included genitourinary, musculoskeletal, and symptoms, signs and ill-

defined conditions.  By contrast, when all diagnoses were considered only congenital 

anomalies were not statistically significantly related to LOS. 

 



  Chapter 9 

 

 

140 

Table 9.2: Univariate analyses of LOS by characteristics of the study population 

 

Factor Median (range) 
Wilcoxon rank sum statistic 

(p-value) 

   

CDAD   

Case 27 (2-215)  

Control 4 (3-130) -16.63 (0.000) 

   

Age   

≤ 65 years 5 (2-215)  

> 65 years 7 (3-188) -3.08 (0.002) 

   

Gender   

Male 6 (3-215)  

Female 6 (2-188) 0.35 (0.73) 

   

Charlson Index   

0 5 (3-142)  

1-2 6 (3-78)  

3-4 6 (3-215)  

>4 13 (2-188) 58.7 (0.000)a

   

ICU admission 27 -7.23 (0.000) 

   

Primary diagnosis   

Infectious and parasitic (exc. C.difficile) 20 (5-56) -2.83 (0.005) 

Neoplasia 7.5 (3-135) -1.86 (0.063) 

Endocrine, nutrition, metabolic and immunological 6.5 (3-144) -0.71 (0.475) 

Disease of blood and blood-forming organs 8 (3-73) -1.13 (0.259) 

Mental disorders 4.5 (4-36) -0.21 (0.834) 

Nervous disorders 8 (3-198) -1.40 (0.161) 

Diseases of the circulatory system 6 (3-215) 0.22 (0.830) 

Diseases of the respiratory system 6 (3-127) 0.59 (0.554) 

Diseases of the digestive system 6 (2-83) 0.13 (0.898) 

Genitourinary 4 (3-73) 2.62 (0.009) 

Skin and subcutaneous 8.5 (3-53) -0.81 (0.418) 

Musculoskeletal 5 (3-43) 2.12 (0.034) 

Congenital anomalies 6.5 (6-7) -0.17 (0.861) 

Symptoms, signs and ill-defined conditions 4 (3-69) 3.79 (0.000) 

Injury and poisoning 7 (3-130) -1.21 (0.225) 

Supplementary factors influencing health status 5 (3-38) -0.44 (0.658) 
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Table 9.2 continued. 

 

Factor Median (range) 
Wilcoxon rank sum statistic 

(P-value) 

Any diagnosis   

Infectious and parasitic 22 (3-215) -10.45 (0.000) 

Neoplasia 9 (2-215) -3.62 (0.000) 

Endocrine, nutrition, metabolic and immunological 8 (3-215) -5.36 (0.000) 

Disease of blood and blood-forming organs 16.5 (3-198) -6.67 (0.000) 

Mental disorders 11 (3-144) -5.12 (0.000) 

Nervous disorders 15.5 (3-215) -6.90 (0.000) 

Diseases of the circulatory system 7 (3-215) -4.50 (0.000) 

Diseases of the respiratory system 10 (3-215) -6.46 (0.000) 

Diseases of the digestive system 10 (2-215) -5.40 (0.000) 

Genitourinary 12 (3-198) -6.48 (0.000) 

Skin and subcutaneous 26.5 (3-198) -6.77 (0.000) 

Musculoskeletal 7 (3-198) -2.16 (0.030) 

Congenital anomalies 8.5 (3-80) -7.69 (0.410) 

Symptoms, signs and ill-defined conditions 10 (3-198) -7.12 (0.000) 

Injury and poisoning 16 (3-215) -8.19 (0.000) 

   

 
aKruskall-Wallis test, df=3 

 

 

9.3.2 Multivariate analysis 
 

There was little evidence for a linear relationship between LOS and age, or LOS and 

Charlson Index, from scatterplots of the variables (Figure 9.1). This was reflected in the 

weak Spearman correlation coefficients; r=0.134 (p=0.001) for LOS and age, and 

r=0.33 (p=0.000) for LOS and Charlson Index.  Several outliers in the LOS distribution 

were evident, and the relationship between LOS and Charlson Index was curvilinear.   
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 Figure 9.1: Relationship between LOS, age and Charlson Index 
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An initial MLR model was constructed that included power transformations of the 

continuous independent variables (age, Charlson Index), other dichotomous variables 

significant at the 0.1 probability level by univariate analysis (Table 6.23), and two-way 

interactions (Appendix 9.1).  LOS was modeled as a log-transformed variable.  

Diagnostic checking revealed several values with high leverage, and outliers that were 

influential on the fitted values.  No value had a Cooks distance greater than one, 

indicating that these outliers did not influence the regression coefficients.  Therefore, a 

MLR model with robust standard errors was chosen because this could deal with minor 

problems without changing the point estimates of the coefficients (Table 9.3).368 

 

Compared to the MLR model in Appendix 9.1, the regression coefficients in Table 9.3 

are similar, but the 95% confidence intervals are slightly wider due to the larger 

standard errors that result when robust standard errors are used.  After back 

transforming by taking the antilogs of the coefficients, CDAD cases had an average 

LOS of 2.4 days (95% CI=1.93-2.97) longer than controls.  Infection other than CDAD 

was not an independent predictor of LOS, but in combination with a diagnosis of 

CDAD extended a patient’s LOS by an average of 1.54 days (95% CI=1.22-1.93).  

Other independent predictors of LOS included, mental disorders, nervous disorders, 

disease of the circulatory system, skin and subcutaneous diagnoses, injury and 
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poisoning, and an ICU admission.  Other than CDAD and infection, significant 

interactions were seen with ICU admission and injury, and CDAD and any diagnosis in 

the category “symptoms, signs and ill-defined conditions”.  A primary diagnosis in this 

category interacted with diagnoses in the categories “diseases of the circulatory 

system”, and “skin and subcutaneous diagnoses”. 

 

Table 9.3: Multiple linear regression model with robust standard errors of the 
relationship between CDAD and length of stay 

 

Factor Coefficient 

Standard 

error 

(robust) 

p-value 95% CI Days  (95% CI) 

      

Main effects      

      

CDAD 0.877 0.108 

0.101 

0.000 0.20-0.47 

1.21-1.37 

 

 

1.54 (1.22-1.93) 

Circulation * signs, symptoms 

(10) 

Skin x signs, symptoms (10) 0.545 

    

R2=0.66    

 

0.000 0.66-1.09 2.4 (1.93-2.97) 

ICU 0.584 0.147 0.000 0.29-0.87 1.79 (1.34-2.39) 

Mental 0.258 0.074 0.001 0.11-0.40 1.29 (1.12-1.49) 

Nervous 0.242 0.073 0.001 0.10-0.38 1.27 (1.10-1.46) 

Circulation 0.203 0.053 0.000 0.01-0.31 1.22 (1.01-1.36) 

Skin and subcutaneous 0.303 0.003 0.10-0.50 1.35 (1.10-1.65) 

Injury and poisoning 0.334 0.070 1.40 (1.22-1.60) 

Constant 1.292 0.042 0.000 3.64 (3.35-3.93) 

     

Interactions      

     

CDAD x Infection 0.430 0.119 0.000 0.20-0.66 

CDAD x signs, symptoms 0.399 0.110 0.000 0.18-0.61 1.49 (1.20-1.84) 

ICU x injury -0.544 0.196 0.006 -0.93-(-0.16) 0.58 (0.39-0.85) 

-0.407 0.110 0.000 -0.62-(-0.19) 
0.67 (0.54-0.83) 

0.165 0.001 0.22-0.87 1.72 (1.25-2.39) 

  

  

F=705, p=0.000 [df=11]      
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9.4 THE EFFECT OF CDAD ON COST 
 

Cost data were missing for 39 patients (13 cases and 26 controls) from the first half of 

1996; therefore analyses were undertaken on 540 patients.  The median cost of 

admission for the study population was $5,100 (range $1,197 to $207,735).  The 

geometric mean was $5,487 (sd = 30,778) using a transformation that consisted of 

taking the reciprocal of the square root of cost.  Descriptive statistics for the cost of 

admission for CDAD cases and controls, and other factors are presented in Table 9.4.  

 

The mean cost for CDAD cases was $15,625 compared to $3,810 for controls.  There 

was no significant difference in the mean cost for patients aged more than 65 years, or 

for males and females.  A higher Charlson Index and an ICU admission were associated 

with higher costs as well as a principal diagnosis of infection, as well as all diagnosis 

classifications when analysed as any diagnosis, except musculoskeletal conditions and 

congenital anomalies.  Principal diagnoses of genitourinary disorders and the group 

symptoms, signs and ill-defined conditions were statistically significantly related to 

lower costs. 
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Table 9.4: Univariate analyses of cost by characteristics of the study population 

 

Factor Mean (sd) T-test statistic (P-value)[df] 

   

CDAD   

  

Charlson Index  

0 4565 

 

6944 (30,036) 

8264 (30,351) 17.10 (0.000)a

 

3577 (29,624) -1.78 (0.076) 

Nervous disorders 8375 (22,572) 

4623 (29,877) 

3326 (43,662) 

5196 (26,699) 

4447 (429,203) 

3552 (46,653) 

6229 (32,123) 

Case 15625 (59,488)  

Control 3810 (50,726) 20.40 (0.000)[538] 

   

Age   

≤ 65 years 5327 (27,777)  

> 65 years 5627 (32,116) 0.879 (0.380)[538] 

   

Gender   

Male 5827 (31,105)  

Female 5228 (29,320) -1.370 (0.171)[538] 

 

 

(35,200)  

1-2 4691 (33,057) 

3-4  

>4 

   

ICU admission 28962 (123,209) 18.69 (0.000)[104] 

   

Principal diagnosis  

Infectious and parasitic (exc. C.difficile) 11918 (54,589) 2.42 (0.016)[538] 

Neoplasia 6349 (31,548) 1.36 (0.173) 

Endocrine, nutrition, metabolic and immunological 6229 (35,068) 0.57 (0.570) 

Disease of blood and blood-forming organs 6577 (24,337) 0.62 (0.537) 

Mental disorders 

1.50 (0.134) 

Diseases of the circulatory system 5930 (30,778) 1.21 (0.228) 

Diseases of the respiratory system -1.49 (0.137) 

Diseases of the digestive system 5203 (26,439) -0.52 (0.605) 

Genitourinary -2.62 (0.009) 

Skin and subcutaneous -0.24 (0.812) 

Musculoskeletal 4885 (29,555) -0.69 (0.489) 

Congenital anomalies -0.36 (0.716) 

Symptoms, signs and ill-defined conditions -3.39 (0.001) 

Injury and poisoning 1.46 (0.143) 

Supplementary factors influencing health status 6561 (49,312) 0.54 (0.591) 
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Mean (sd) 

Table 9.4 continued 
 

Factor T-test statistic (P-value)[df] 

   

Any diagnosis   

Infectious and parasitic 10805 (31,366) 10.45 (0.000) 

Neoplasia 6883 (30,818) 3.04 (0.002) 

Endocrine, nutrition, metabolic and immunological 6838 (28,476) 4.95 (0.000) 

6.40 (0.000) 

7324 (26,736) 

5.80 (0.000) 

7657 (27,705) 6.70 (0.000) 

Disease of blood and blood-forming organs 8987 (30,273) 

Mental disorders 7425 (26,849) 4.12 (0.000) 

Nervous disorders 8369 (30,360) 5.78 (0.000) 

Diseases of the circulatory system 6258 (29,634) 4.71 (0.000) 

Diseases of the respiratory system 5.52 (0.000)[362] 

Diseases of the digestive system 7247 (26,386) 5.07 (0.000)[335] 

Genitourinary 7980 (27,338) 6.03 (0.000)[538] 

Skin and subcutaneous 10234 (26,010) 

Musculoskeletal 6140 (28,835) 1.83 (0.068) 

Congenital anomalies 5663 (22,612) 0.14 (0.889) 

Symptoms, signs and ill-defined conditions 

Injury and poisoning 9320 (33,109) 9.97 (0.000) 

   
 

a analysis of variance 

 

 

A MLR model was constructed using a log-transformed dependent variable (cost) and 

included polynomial terms for the Charlson Index to take into account the non-linear 

relationship (CI2, CI3).  Other variables entered into the initial model consisted of 

CDAD status, ICU, primary diagnoses of infection, mental disorders, genitourinary 

disorders and the classification symptoms, signs and ill-defined conditions, as well as 

all ICD categories for any diagnosis except congenital anomalies.  The output of the 

final model is presented in Table 9.5. 

 

9.4.3 Multivariate analysis 
 

There was a strong positive linear relationship between cost and LOS (r=0.83), and a 

weak positive relationship between cost and charlson index (r=0.24) that was not linear 

(Figure 9.2).   
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Figure 9.2: Relationship between cost, LOS and Charlson index. 

 

 

 

 

 

 

 

 

 

 

 

 

Table 9.5: Results of MLR model of cost associated with CDAD 

Factor Coefficient 

      

Main effects     

 

   

R2=0.81  

 

     

CDAD 0.854 0.058 0.000 0.74-0.97 2.35 (2.10-2.64) 

LOS 0.037 0.003 0.000 0.03-0.04 1.04 (1.03-1.04) 

ICU 0.965 0.070 0.000 0.83-1.10 2.62 (2.29-3.00) 

Disease of circulatory 

system 
0.093 0.042 0.028 0.01-0.17 1.10 (1.01-1.18) 

Injury and poisoning 0.198 0.045 0.000 0.11-0.29 1.22 (1.12-1.34) 

Constant 7.95 0.039 0.000 7.87-8.03 2835 (2617-3071) 

   

Interaction      

      

CDAD * LOS -0.019 0.003 0.000 -0.025- (-0.014) 0.98 (0.97-0.99) 

      

    

F=391, p=0.000 [df=6]      
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After back transforming, the results of this model indicated that CDAD incurs an extra 

cost of only $2.35 per case, and an extra $0.98 for each day of hospitalisation with 

CDAD.  Therefore, if the average LOS for patients with CDAD is only extended by 2.4 

days, then the average additional cost for patients with CDAD is only $4.70 per case.  

The additional costs for the other variables are $1.04 for each day of admission, $2.62 

for an ICU admission, $1.10 for patients with disease of the circulatory system, and 

$1.22 for patients with injuries.   

 

The adjusted determination coefficient for the model was 0.81.  During diagnostic 

checking there was some evidence of remaining heteroskedasticity and an X-outlier 

(LOS) was identified with a Cooks distance of more than 1, indicating it was influential 

on the regression coefficients.  Examination of the plot of DFFITS also indicated 

several cases that were influential on the fitted values.  The MLR model was compared 

with a robust regression model using the method of iteratively reweighted least squares 

(Appendix 9.2).368  However, the regression results were similar indicating that these 

were minor problems and the results of the MLR model were accepted. 

9.5 DISCUSSION 
 

The aim of the analysis presented in this chapter was to quantify the burden of CDAD 

in SCGH in terms of additional length of stay and cost to the hospital.  A previous study 

conducted at SCGH reported CDAD cases remain in hospital for an extra 18 days 

resulting in a cost of A$1.25 million.4 

 

 

The results from the analysis in this chapter were very different.  Using multivariate 

analysis, CDAD cases were found to stay in hospital for only 2.4 days longer than 

controls (95% CI=1.93-2.97).  Using the same parameters as used in the previous study, 

that is, bed costs of A$700 per day and average 100 cases per year, the cost of this extra 

LOS is recalculated to be A$168,000.  With a fall to approximately 40 cases per year, 

seen after ceftriaxone restriction, this cost is reduced to A$67,200.  However, when a 

multivariate analysis of cost was conducted, an episode of CDAD was found to 

independently contribute to cost, although only by $2.35 (95% CI=2.10-2.64), and 

$0.98 (95% CI=0.97-0.99) for each additional day in hospital. 
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However, these two studies differed in their methodology.  Most importantly they 

differed in their selection of cases.  In this study cases with multiple episodes of CDAD 

within the same hospital admission were excluded.  The justification for this was due to 

concern that risk factors for recurrent CDAD would be different to risk factors for initial 

infection episodes.  However, to overcome this, rather than excluding such cases, 

exposure information up to the onset of the initial episode could have been included in 

the analyses undertaken in Chapter 8.  It is likely that patients with recurrent CDAD 

episodes are more likely to have their hospital stay extended than patients with a single 

episode of CDAD.  Twelve cases were excluded from the study for this reason (section 

7.1).  The median length of stay for these cases was 79.5 days (range 34-221), compared 

to 27 days (2-215) for cases included in the study (Wilcoxon rank sum, z=12.45, 

p=0.000).  The two studies also differed in their approach to the control of confounders; 

the previous study matched on diagnostic related group and major diagnostic category, 

this study adjusted for the influence of comorbidity using multivariate analysis. These 

differences may have contributed in part to the discrepant results. 

 

Results for additional LOS and cost due to CDAD from other studies have also been 

higher than those found in this study.  Kyne et al.262 reported CDAD cases incurred an 

additional length of stay that averaged 6.6 days and cost an additional US$3,700 after 

adjusting for various confounders including comorbidities.  A study from the UK found 

CDAD cases stayed an extra 21 days and cost an average of £4107 each, although only 

major admission diagnoses were considered as confounders.263  Although results from 

the above studies and others are variable,256, 261, 369 depending on the extent to which 

extraneous factors were accounted for, they all produced a greater impact on LOS and 

cost than indicated by this study.  Although it is not clear from these studies what 

 

Several issues emerge when these two studies are considered.  Firstly, the real cost 

associated with length of stay is far less, A$168,000 compared to A$1.25m.  Secondly, 

the average additional cost due to CDAD alone with an extra LOS of 2.4 days was very 

small, A$4.70 per case, after other factors such as admission to an ICU or the presence 

of other comorbidities are taken into consideration. 

 



  Chapter 9 

 

 

150 

proportion of cases had recurrent episodes, no study actively excluded such cases from 

their analyses. 

 

Although the results from this chapter are limited by the exclusion of cases with 

multiple episodes, this study indicates that patients who experience a single CDAD 

episode while in hospital do not contribute to any great extent to the burden on hospital 

resources.  Further studies are required to establish the impact of patients with recurrent 

CDAD while in hospital on length of stay and hospital costs. 
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CHAPTER 10: RELIABILITY AND VALIDITY OF THE DATA 
 

 

 

 

 

10.1 INTRODUCTION 
 

When addressing the quality of data collected, the two issues of validity and reliability 

need to be considered.  Validity is essentially concerned with how well the study and 

the instruments used in the study measure what they are intended to measure.  It is 

concerned with the validity of the inferences made in relation to both the source 

population (internal validity) and people outside that population (external validity).370  

Reliability is concerned with the consistency of the information collected, for example, 

how consistent the individual, or individuals, were when collecting the data.  In this 

chapter, the issues related to the quality of the data collected for the case-control study, 

including sources of bias and measurement error, are explored. 

 

10.2 ISSUES CONCERNING THE RELIABILITY OF DATA COLLECTED 
 

Inconsistencies in the collection of data can reduce the reliability of the data.  Unless the 

data is reliable, it cannot be valid.  In this study, the collection of antimicrobial and 

other medication information, and procedures, from the patient medical files, and 

analysis of the data by the author may be subject to inconsistencies.  In this section, the 

reliability of the data is evaluated by assessing intra-observer variation.  
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Statistical analysis of the test-retest data included the use of the Kappa statistic to assess 

reliability for nominal data.371  The kappa statistic was computed using Stata software. 

10.3.2 Results 

 

10.3.1 Methods 
 

Data were collected over a 9-month period (October 2001 to June 2002).  Data 

collection was undertaken solely by the author therefore data were liable to intra-

observer variation only.  To assess reliability, a survey was carried out at the end of data 

collection that used a test-retest examination of intra-observer agreement.  A 10% 

stratified sample of cases (n=18) and controls (n=37) were selected from the study 

population and data were collected for a second time during November 2002.   

 

 

The results of the evaluation of intra-observer variation for variables that were retained 

in the multivariate models of risk factors for CDAD, and were extracted from patient 

medical files, are presented in Table 10.1.  Good levels of agreement were found for all 

exposures.  The results of the intra-rater analysis for all other exposures not included in 

the final models are presented in Appendix 10. 

 

Table 10.1: Intra-rater reliability of exposures that contributed to logistic 
regression models 

Variable Percentage agreement Kappa statistic (standard error) 

   

3rd generation cephalosporins 100 

96.4 

0.84(0.13) 

 

1.00 (0.13) 

Clavulanate-containing penicillins 100 1.00 (0.13) 

Gastrointestinal procedures 0.89 (0.13) 

Surgical GI procedures 94.5 0.74 (0.13) 

Non-surgical GI procedures 96.4 

  

 

The lowest level of agreement of the variables in Table 10.1 was seen for surgical 

gastrointestinal procedures.  This variable measured exposure to upper gastrointestinal 

surgery, including surgery of the oesophagus, stomach and small intestine, upper 
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10.3 ISSUES CONCERNING THE VALIDITY OF THE DATA COLLECTED 
 
Threats to the validity of the results from epidemiological research are assessed by 

considering non-causal explanations for the results.  This includes considering whether 

the results are likely to be affected by selection or information bias, confounding, and 

chance variation.326   

Potential sources of bias that threatened the internal validity of this study were 

considered.  In case-control studies the major sources of systematic error relate to the 

assessment of exposures.  However, the selection of case and control study participants 

represents a potential source of bias. 

 

Selection bias

endoscopy, and other abdominal procedures such as laparotomy and paracentesis.  From 

Appendix 10, levels of agreement for procedures were generally lower than for 

medications.  This reflects the different nature of the documentation in the medical 

record for medications compared to procedures.  All medications are recorded on a drug 

chart in the file and are therefore easy to locate and extract data from.  Procedures are 

not always documented clearly, and a thorough search of the file is required to locate all 

procedures.  Most surgical procedures have an associated form included in the file, but 

nursing notes were often relied upon to identify procedures such as urinary catheters 

and central vascular catheters.   

 

 

10.3.1 Sources of bias 
 

 

 

Selection bias can occur “whenever the inclusion of cases or controls depends in some 

way on the exposure of interest.”349:p145  In this study, laboratory confirmed CDAD cases 

were identified from an existing microbiology database.  Generally, there is little chance 

of inaccuracy when a pathologically confirmed diagnosis is used for identification of 

cases.  However, in studies where prevalent cases are used, the decision to collect and 

test a stool specimen from a patient may be influenced by knowledge of the role of 

antibiotics in the aetiology of hospital-acquired CDAD, giving rise to the potential for 
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diagnostic suspicion bias.  Decisions to investigate patients for C.difficile based 

primarily on history of antibiotic exposure would bias the study towards overexposure 

among the cases, and inflate the odds ratio. 

 

In the case-control study that was undertaken at SCGH to explore the relationship 

between exposure to 3rd generation cephalosporin antibiotics and CDAD, diagnostic 

suspicion bias was of concern for two reasons.  Firstly, the introduction of the antibiotic 

policy that restricted ceftriaxone use may have raised awareness of the relationship 

between ceftriaxone and CDAD.  Patients treated with ceftriaxone may be monitored 

more closely and be more likely to have a stool specimen collected.  However, the 

analysis of the results of the study was restricted to the pre-policy period in order to 

minimise the potential for this.  Secondly, the criteria used by the microbiology 

laboratory for the testing of stool specimens for C.difficile includes “a history of 

antibiotic use” (section 3.2.3).  There is no requirement for this to be in addition to 

symptoms of CDAD; however, it is unlikely that stool specimens are collected during 

the routine clinical management of patients based on this criterion alone unless there are 

gastrointestinal symptoms.  Although the presence of diarrhoeal symptoms is a criterion 

used in SCGH for the testing of patients for C.difficile, to ensure that asymptomatic 

patients were excluded as far as possible, the specimen description contained on the 

microbiology report was examined and those with a description of ‘formed’ were 

excluded.  This was not an ideal approach to selecting symptomatic cases; however, it 

was felt that the accuracy of documentation in the medical record would be insufficient 

to fulfil published definitions for ‘diarrhoea’.64   

 

 

 

Controls were randomly selected from the inpatient hospital population.  Selection bias 

may arise if the relationship between the exposure and disease among those who 

participate is different from those who would have been eligible for inclusion in the 

study but were not selected.  In the study population, only very low proportions of both 

cases (7%) and controls (4%) were excluded who may otherwise have been eligible for 

inclusion in the study. 
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Information bias 

 

 

Misclassification of disease

 

Exposure information for antibiotics and other medications received were obtained from 

the drug charts in patient files.  As described in Chapter 6, data were collected and 

entered directly into a relational database that consisted of standardised tables and 

forms.  The nature of the data being collected was highly objective.  That is, medication 

information that included the name of the drug, start and finish dates, dose and route of 

administration were entered into the database directly from the drug chart, with very 

little need for the investigator to interpret exposures. 

The data was collected solely by the author who, therefore, was not blind to the 

hypothesis of the study.  However, the author was blind to the disease status but this 

‘blinding’ was not maintained as the author became aware of the status of 469 subjects 

as either cases or controls during data collection.  However, for 451 of these, the disease 

status was not revealed until after data had been collected from the drug chart, when the 

author was checking for procedures in the remainder of the documentation. 

 

 

In hospitals, the carriage rate of C.difficile has been reported as high as 20% (Chapter 

2).  Identification of CDAD cases based on laboratory reports alone may include a 

proportion of C.difficile carriers.  As discussed previously, cases were excluded if the 

specimen description on the laboratory report was given as ‘formed.’ In addition to 

minimising selection bias, this approach also aimed to minimise the inclusion of carriers 

in the case group.  However, the study potentially included patients with diarrhoea and a 

non-toxigenic C.difficile isolate who may not actually have had CDAD.  This was due 

to inconsistency in the use of toxigenicity testing during the study period and highlights 

the difficulties that can be faced when conducting studies using retrospective data. 

 

Misclassification of controls was addressed by excluding patients who experienced 

more than 48 hours of diarrhoeal symptoms.  Inclusion of undiagnosed controls may 

reduce the effect estimate.  Because of inconsistencies in documentation of symptoms in 

the patient file, controls with less than 48 hours of symptoms were not excluded but 
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Table 10.2: Sensitivity analysis.  Exclusion of controls with mild symptoms. 

flagged as potential false negatives.  A total of 23 controls were identified through this 

process, 20 of these were from the pre-policy period.  The conditional logistic model 

from section 8.3.1 was refitted excluding these controls. 

 

 

Variable OR 
Standar d 

error 
95% CI 

    

3rd generation cephalosporin 4.62 

8.37 5.11-44.77 

Diagnoses 1.72-27.77 

17.75 

3.26 

  

6.09 1.38-26.93 

Clavulanate-containing penicillins 4.12 1.91 1.66-10.21 

GI procedures 15.13 

6.91 4.90 

LOS > 4 days 10.54 5.55-56.82 

Charlson index >0 6.04 2.10-17.37 

  

Log likelihood –46.7    

Deviance 93.4    

    

 

 

It is evident from Table 10.2 that there was little change in the effect estimates for 3rd 

generation cephalosporin antibiotics and clavulanate-containing penicillins.  Some 

increase in the odds ratios (OR) for the GI procedures, diagnoses and LOS variables 

was observed.  However, wider confidence intervals (CI) were also seen with these 

variables suggesting reduced precision related to the smaller sample size.  Most 

importantly, the OR for 3rd generation cephalosporins from the logistic model presented 

in section 8.3.1 does not appear to have been biased by the inclusion of these controls. 

 

Misclassification of exposures 

 

The main advantage to ascertainment of exposure information from medical records is 

that the exposure information was recorded, e.g. on drug charts, prior to the occurrence 

of CDAD.  Therefore only random misclassification of exposures is likely, that is, the 

accuracy and completeness of records is not likely to be dependent on case or control 

status.  Random misclassification results in an underestimate of the effect, therefore, the 
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association observed between 3rd generation cephalosporins and CDAD is unlikely to be 

a spurious one. 

 

The use of International Classification of Disease (ICD) information from 

administrative databases in hospitals is also subject to random misclassification of 

exposures.  The validity of diagnosis and procedure information collected from SCGH 

based on ICD coding was not measured.  However, codes assigned in SCGH ultimately 

comprise data that contribute to the Hospital Morbidity Data System (HMDS) in 

Western Australia.  This data undergoes 21 quality checks and periodic audits of 

random selections of codes are performed.352  Although a comprehensive data quality 

study of the HMDS has not been undertaken, coding audits indicate an average 87% 

accuracy for assignment to Australian National Diagnosis-Related Group (ANDRG).352  

A high accuracy of ICD codes in morbidity data have been demonstrated in studies in 

Australia372 and elsewhere.373, 374 

 

The cases and controls were matched by age, gender, and date of admission; a matched 

analysis was performed.  Other confounders were identified by undertaking a bivariate 

analysis of the association between 3rd generation cephalosporins and CDAD adjusted 

for the effect of each potential confounder.  Conditional logistic regression was then 

used to determine the model that best described the relationship between 3rd generation 

cephalosporins and CDAD and adequately controlled for extraneous variables.  

 

Appropriate statistical analyses were used to explore the relationship between 3rd 

generation cephalosporin antibiotics and CDAD, and to estimate the increase in length 

of stay and costs associated with CDAD.  The power of the study was much less than 

anticipated; however, statistically significant confidence intervals were obtained from 

these analyses.  Therefore chance variation can be excluded. 

 

10.3.2  Confounding 

 

10.3.3  Chance variation 
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Unless the results are sufficiently valid for the study population, then its application to 

other groups is irrelevant.326  From discussion in the preceding sections, all major threats 

to the internal validity of the case-control study were adequately accounted for, and the 

results obtained can be assumed to be valid.  The study was conducted in a population 

that consisted of SCGH inpatients.  SCGH is a major teaching hospital located in a large 

city of Australia.  Although the population may not necessarily be representative of all 

general urban hospitals worldwide, the results can still be applied to other hospital 

inpatients with similar characteristics.  That is, if a causal relationship exists between 3rd 

generation cephalosporins and CDAD, it would exist in patients from other hospitals 

even though the strength of association may be modified by other factors.  

10.3.4 External validity 

   

10.4 DISCUSSION 
 

In this chapter, issues affecting the reliability and validity of the results of the case-

control study were taken into consideration.  From the results of the intra-observer 

analyses, measurement error was minimal and unlikely to seriously bias the results of 

the study. 

 

However, high reliability does not equate to high validity.  Sources of bias must 

therefore be considered.  In this study, efforts were undertaken to ensure bias was 

minimised.  The use of patient medical records ensured that recall bias, that arises when 

interviews of study participants are used to obtain exposure information, could be 

excluded.  Furthermore, extraction of risk factor information from patient records 

minimises differential misclassification of exposures because the information has been 

recorded in the file prior to the occurrence of the disease being investigated.  

 

The nature of the exposure information, in particular exposure to antimicrobials and 

other medications, was recorded on standardised drug charts, therefore collection of this 

objective data was less likely to be influenced by information bias because subjective 

interpretations were not necessary.  This would also help to prevent information bias 

arising from the author’s knowledge of the hypothesis of the study, and failure of the 
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Selection bias cannot be entirely excluded from this study.  CDAD cases were identified 

retrospectively from a microbiology laboratory database.  A common source of bias 

identified from the systematic review of observational studies in chapter 5, was 

diagnostic suspicion bias that can arise if cases are identified during the course of 

routine clinical management.  Although case identification in this study was not directly 

related to exposures of interest, in particular 3rd generation cephalosporins, the testing 

criteria used by SCGH includes a “history of antibiotic use” (see section 3.2.3) in 

addition to other symptomatic criteria.  This is most likely to be an issue if a patient was 

investigated for C.difficile based on antibiotic history alone and had presented with no 

symptoms.  To minimise this bias, any patients whose microbiology report contained a 

stool description of “formed” was excluded.  This approach also minimised 

misclassification of C.difficile carriers as CDAD cases. 

data to be extracted blind to the disease status of the participants.   Patient procedures 

and diagnoses were obtained primarily from ICD coded information from the hospital’s 

administration system that would also address these issues. 

 

However, in addition to the ICD coded information, procedures were extracted from the 

patient files that could have been influenced by the author’s knowledge of the 

hypothesis of the study, and knowledge of the case or control status of participants.  For 

example, major procedures were well documented in ICD data minimising 

interpretation by the author during data collection.  However, minor procedures such as 

nasogastric tube (NGT) use that is a known risk factor for CDAD were poorly coded 

and had to be identified from the patient notes, leading to potential for information bias.  

From the total dataset, 76 patients (64 cases, 12 controls) were found to have a NGT, 

but only eight (6 cases, 2 controls) were assigned an ICD code.  It is evident that there 

was little difference in the proportion of NGT exposure derived from the patient record 

alone between cases (92%) and controls (83%).  Based on these observations, it is 

unlikely that information bias was of importance in this study. 

 

In summary, although there was some potential for selection bias due to diagnostic 

suspicion, no major threats to validity were identified in this study.  Attempts were 

made to minimise diagnostic suspicion bias, however it is likely to be an issue for all 
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studies that rely on identification of cases from laboratory databases.  Due to time and 

resource constraints, the use of laboratory databases for such investigations provide the 

easiest and fastest solution.  However, results of such investigations should be 

interpreted with consideration of the influence of selection bias. 
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CHAPTER 11: DISCUSSION AND CONCLUSION 
 

 

 

 

 

11.1 INTRODUCTION 
 

Diarrhoea due to infection with Clostridium difficile is an important cause of morbidity 

in hospitalised patients, which increases their duration of stay in the hospital, and in 

doing so increases the burden on hospital resources.  Although mortality attributable to 

Clostridium difficile-associated diarrhea (CDAD) during endemic periods is generally 

low due to increased awareness and prompt treatment of the infection, the mortality rate 

increases considerably during outbreaks of CDAD, particularly in elderly and frail 

patients.  Therefore prevention and control of CDAD in hospitals is paramount to 

preventing morbidity and mortality associated with CDAD, and minimising the burden 

of CDAD on hospital resources. 

 

As outlined in the review of the literature (Chapter 2), interruption of transmission of 

C.difficile in hospitals via infection control strategies are central to the prevention of 

CDAD.  However, infection control alone appears to be insufficient to reduce CDAD, 

and additional interventions are required.  Despite increasing research into the use of 

probiotics, vaccination, and colonisation with avirulent strains of C.difficile, definitive 

results are yet to be demonstrated in humans, although the yeast Saccharomyces 

boulardii appears to be effective in some patients with recurrent CDAD. 

 

Perhaps the most effective approach is to prevent patients from becoming susceptible to 

infection with C.difficile, by preventing disruption of colonisation resistance of the large 



  Chapter11 

 

 

162 

intestine.  There is strong biologic evidence that antibiotics are extemely capable of 

reducing intestinal flora, in particular those that are excreted by the biliary tract such as 

parenterally administered cephalosporins, which reach the large intestine in high 

concentrations.  An association of cephalosporins with CDAD has been demonstrated in 

epidemiological studies (Chapter 5).  Furthermore, cephalosporin use has been 

implicated in the increased prevalence of MRSA,375, 376 VRE,377 and extended spectrum 

ß-lactamase (ESBL) producing gram-negative organisms.378  Reduction in the use of 

cephalosporins can lead to reduced rates of these infections including CDAD.  

Therefore careful use of these antibiotics should be considered by hospitals. 

 

The central aim of the thesis was to investigate the role of 3rd generation cephalosporins 

in CDAD in Sir Charles Gairdner Hospital (SCGH), Western Australia, particularly 

because use of this antibiotic class has reduced substantially since 1999.  In order to 

determine whether this shift away from 3rd generation cephalosporin use was 

responsible for a subsequent reduction in the incidence of CDAD, an association 

between 3rd generation cephalosporin antibiotics and CDAD needed to be demonstrated.  

Although there is some epidemiological evidence supporting an association between 

cephalosporins and CDAD, there have been no studies specifically designed to test the 

hypothesis that 3rd generation cephalosporin antibiotics are associated with CDAD.  

This chapter discusses the findings from this research.  

 

The results from a descriptive analysis of the epidemiology of CDAD in SCGH from 

1993 to 2000, presented in Chapter 3, revealed that a significant reduction in the 

incidence of CDAD had occurred in 1999 and remained low in 2000.  Furthermore, 

consumption of 3rd generation cephalosporins rapidly fell to almost negligable amounts 

following the introduction of an antibiotic policy in the hospital that restricted the use of 

ceftriaxone.  Ceftazidime and cefotaxime had already been withdrawn from use in 

SCGH in 1997.  Data from a previous study conducted in the hospital demonstrated that 

CDAD increased during the 1980s at time when consumption of 3rd generation 

cephalosporins also increased.  Considered together, these descriptive analyses 

suggested that (1) 3rd generation cephalosporin antibiotics were related to CDAD in 

 

11.2 DISCUSSION OF THE FINDINGS 
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SCGH, and (2) reduction in the use of these antibiotics resulted in a reduction in the 

incidence of CDAD.  

 

The results from this thesis provide evidence from ecologic-level data, using time series 

analysis, and individual-level data, using a case-control design, for an association 

between 3rd generation cephalosporin antibiotics and hospital-acquired CDAD. 

 

When monthly CDAD incidence and 3rd generation cephalosporin consumption in 

SCGH were modeled using time series analysis, a relationship between the two was 

demonstrated.  The approach chosen was dynamic regression, also known as 

polynomial distributed lag (PDL) modeling.  This method allows the estimation of the 

relationship between a dependent variable and one or more independent variables over 

time taking into account the effects of past values (lags) and current values of the 

independent variables on the dependent variable.  In addition the influence of past 

values of the dependent variable on the current value of itself can be included in these 

models.  This is a very powerful approach for studies of hospital-acquired infections 

such as CDAD, because levels of contamination of the hospital with C.difficile will 

obviously influence its transmission among patients, therefore, past incidence is related 

to current incidence. 

 

The results of the PDL analysis found that the incidence of CDAD in one month was 

influenced by 3rd generation cephalosporin consumption in that same month; an increase 

in 3rd generation cephalosporin use by 1.0 DDD/1000 patient-days produced an increase 

in CDAD by 0.013 episodes/1000 patient-days.  Although this may appear to be a small 

change, it needs to be interpreted in conjunction with the descriptive evidence.  The data 

used for this analysis is from an endemic period of CDAD in SCGH; the average 

monthly incidence prior to restriction of 3rd generation cephalosporin use was 0.61 

episodes/1000 patient days.  Using this figure, the impact of an increase in 3rd 

generation cephalosporin consumption by 1.0 DDD/1000 patient-days in one month 

could theoretically increase CDAD by 2%; an increase in 10 DDD/1000 patient-days 

therefore could potentially increase CDAD by 20% to 0.74 episodes/1000 patient-days.  

 

11.2.1 Third generation cephalosporin use was related to CDAD 
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A decrease in 3rd generation cephalosporin by these amounts would produce similar 

falls in CDAD. 

 

A case-control study was designed to test the hypothesis that 3rd generation 

cephalosporin antibiotics were associated with CDAD in SCGH using individual level 

data.  When the case-control study was commenced, the descriptive analysis had not 

been completed, hence the ceftriaxone policy and its effect on ceftriaxone use was not 

apparent until after the study population had been selected. To establish a relationship 

between 3rd generation cephalosporins and CDAD prior to ceftriaxone restriction it 

would have been inappropriate to include in the analysis those patients selected from the 

post-policy period.  In addition this approach minimised concerns regarding bias due to 

diagnostic suspicion that may have been associated with cases identified from the post-

policy period. 

 

The results from conditional logistic regression modeling (Chapter 8) indicated that 

hospital-acquired CDAD cases were more likely to have been exposed to 3rd generation 

cephalosporins than controls (OR=6.17, 95% CI=1.56-24.37).  A dose-response 

relationship was also identified; for each additional day of exposure, the risk of CDAD 

increased by 25% (OR=1.25, 95% CI=1.05-1.50).  Despite being one of the largest 

case-control studies undertaken, the results indicated that the study had only 48% power 

for a prevalence of 3rd generation cephalosporins of 11%.  A sample size of 400 cases 

and 800 controls was in fact needed to detect an odds ratio of two with 85% power. 

 

Because of the large sample sizes required to examine individual antibiotic exposures, it 

is not clear whether all 3rd generation cephalosporins are equally associated with 

CDAD.  The descriptive data obtained for 3rd generation cephalosporin consumption 

(Chapter 3) found that from early 1997 only ceftriaxone was used in SCGH.  

Ceftriaxone and cefotaxime were the only 3rd generation cephalosporin exposures 

identified in the case-control study that covered the period January 1996 to June 2000.  

In addition, exposure to ceftriaxone was identified for 94% of study participants; by 

contrast only 9% were exposed to cefotaxime reflecting the changes in patterns of use. 

The results from this study therefore suggest a role for ceftriaxone in the aetiology of 

CDAD. 
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The results from the case-control study undertaken in this thesis were subjected to the 

same scrutiny (Chapter 10) as studies published by other researchers identified in a 

systematic review (Chapter 5).  Sources of systematic error due to misclassification and 

bias were unlikely to have produced spurious results.  The potential confounders of age 

and gender were accounted for by the matched design of the study, and other 

confounding factors were carefully identified and controlled for in the conditional 

logistic regression models. 

 

When alternative explanations of bias, chance and confounding can be excluded, the 

next question is whether an observed association reflects a causal relationship.  In order 

to assess whether an association is causal, guidelines exist that include consideration of 

a temporal relationship, strength of the association, a dose-response relationship, 

biologic plausibility, replication of the findings, and consistency with other 

knowledge.379 

 

It is often difficult to establish a temporal relationship between the exposure and disease 

in case-control studies because both the exposure and disease have already occurred.  

However, treatment with 3rd generation cephalosporins is recorded on a drug chart 

contained in the patient's medical record at the time of exposure permitting with 

reasonable accuracy the identification of the exposure prior to CDAD.  The adjusted 

odds ratio for 3rd generation cephalosporins was six, indicating a strong association.  

Furthermore, a dose-response relationship was demonstrated by an increased risk of 

CDAD for each day of exposure to 3rd generation cephalosporins. 

 

If an association is causal then we expect to see it in other studies and in different 

populations.  Several analytical epidemiological studies have reported an association for 

3rd generation cephalosporins.3, 152, 177, 204, 207, 216-218, 336  Although the reported odds ratios 

from these studies are variable (3 to 26) depending on the choice of control group, the 

patient population studied, and whether the study was conducted during epidemic or 

endemic conditions, the fact that an association remains despite these variations 

supports a causal relationship.  Furthermore, several descriptive studies have found 3rd 

generation cephalosporins to be common exposures in patients who develop CDAD.192, 

195, 196, 305, 306 
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In addition to replication of the findings, the results of the case-control study are 

consistent with other knowledge.  An increase in incidence of CDAD in response to 

increases in 3rd generation cephalosporin use was seen between 1983 and 1992 in 

SCGH.  Similar observations have also been reported from other centres worldwide.3, 152, 

229  Finally, experimental studies in both animals and humans have shown that 3rd 

generation cephalosporin antibiotics, including ceftriaxone, disrupt the intestinal flora 

allowing subsequent colonisation with C.difficile.48 

 

The results from this thesis support a causal role for 3rd generation cephalosporin 

antibiotics, specifically ceftriaxone, in the aetiology of hospital-acquired CDAD.  It 

therefore stands that a reduction in the use of these antibiotics in hospitals, through 

antibiotic prescribing policies, is a potential intervention strategy aimed at reducing 

CDAD in hospitals. 

 

Descriptive evidence from Chapters 3 and 4 indicated that a reduction in the use of 3rd 

generation cephalosporin antibiotics, in particular ceftriaxone, was related to a marked 

reduction in CDAD incidence observed during the years 1999 and 2000.  As discussed 

above, time series analysis found that a change in 3rd generation cephalosporin 

consumption by 1.0 DDD/1000 patient-days produced a change in CDAD, on average, 

by 0.013 episodes/1000 patient-days.  From the descriptive data presented in Chapter 4, 

average 3rd generation cephalosporin consumption prior to restriction was 28.95 

DDD/1000 patient-days; afterwards it was 3.29 DDD/1000 patient-days.  Using the 

model coefficients, a fall in 3rd generation cephalosporin consumption by this 

magnitude (25.7 DDD/1000 patient-days) translates to a fall in CDAD by 0.32 

episodes/1000 patient-days.  This is equal to the reduction seen in the descriptive data 

(0.61 episodes/1000 patient-days to 0.28 episodes/1000 patient-days).  The PDL model 

derived from the SCGH data included a variable that described the intervention, the 

ceftriaxone policy, in addition to monthly 3rd generation cephalosporin consumption, 

that indicated the relationship between 3rd generation cephalosporins and CDAD no 

longer existed after the policy had been introduced. 

 

11.2.2 Reduction in third generation cephalosporin use reduced CDAD 
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In addition to the ecologic evidence, through the use of time series analysis, that 

supported the restriction of 3rd generation cephalosporins for prevention and control of 

CDAD, the nature of the case-control dataset allowed this policy to be evaluated at the 

individual level (Chapter 8).  The case-control study population that was selected from 

the post-policy period provided a useful comparison group for calculation of the 

expected percentage reduction in incidence (EPRI), because the actual prevalence of 

exposure in the control subjects from the post-policy period could be substituted into the 

formula.  Based on this data, the EPRI for a reduction in 3rd generation cephalosporin 

prevalence from 11% to 1.3% was 32%, and a further 8% could be attributed to a 

reduction in the prevalence of clavulanate-containing penicillins (section 11.2.3).  The 

actual reduction in CDAD episodes was 46%; only slightly more than that predicted 

using the EPRI formula.  However, there were several differences between the datasets 

used for time series analysis and the case-control study.  Firstly, the case-control dataset 

was restricted to CDAD cases who acquired CDAD at SCGH; the time series dataset 

included all CDAD cases diagnosed in SCGH inpatients.  Secondly, CDAD cases were 

included only once in the case-control study.  In the descriptive data that was used for 

the time series analysis, CDAD episodes were the unit of analysis.  Thus patients were 

included more than once if they had more than one episode of infection.  In Chapter 3 

that presented a more general descriptive analysis of CDAD in SCGH, CDAD cases 

were counted once each year.  Between 1998 and 1999, a 50% reduction in CDAD 

incidence was observed.  Finally, data covering a longer period of time prior to the 

policy was used for the descriptive analysis (from 1993).  Despite these differences, the 

findings are remarkably similar from both the ecologic- and individual-level data. 

 

This is the first study to undertake a detailed evaluation of a reduction in 3rd generation 

cephalosporin consumption, through a new antibiotic prescribing policy, as a strategy to 

prevent and control endemic CDAD.  Others have reported successful reduction of 

CDAD after restricting overall cephalosporin use,233 2nd generation cephalosporins231, 232 

and 3rd generation cephalosporins.2, 3  However, each of these have been descriptive 

reports from particular patient groups, most commonly elderly patients, or during 

CDAD epidemics.  The results from this study support the hypothesis that restricted use 

of 3rd generation cephalosporin antibiotics is an effective primary prevention strategy 
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for hospital-acquired CDAD.  Such a strategy may also prove beneficial for the 

reduction of other hospital-acquired infections such as MRSA and VRE. 

 

11.2.3 Other findings from the study 
 

The role of clavulanic acid 

 

An incidental finding of the case-control study was the association between clavulanate-

containing penicillins and CDAD.  CDAD cases were four times as likely to have been 

exposed to either amoxicillin-clavulanate or ticarcillin-clavulanate than controls 

(adjusted OR=4.23, 95% CI=1.81-9.93).  Despite poor epidemiological evidence from 

other studies, the observation from experimental studies that amoxicillin-clavulanic acid 

is capable of disrupting the intestinal flora, allowing subsequent colonisation and 

infection with C.difficile, indicates that a causal role for these antibiotics in CDAD 

should be considered. 

 

Although descriptive data were not available for the use of orally administered 

amoxicillin-clavulanate over the study period, data regarding ticarcillin-clavulanate, 

which is administered parenterally, were available from 1997 to 2000.  Interestingly, the 

antibiotic policy that restricted ceftriaxone use (October 1998) also applied to 

ticarcillin-clavulanate use.  From the descriptive data presented in Chapter 3, the gram 

amounts dispensed fell substantially in 1999 indicating that this policy had some effect, 

but increased again in 2000, although to a level that was far less than in 1998 prior to 

the policy change.  This decline was evident in the case-control data; the prevalence of 

overall clavulanate-penicillin use fell from 7.1% prior to the policy, to 3.9% post policy.  

This fall was mainly attributed to a fall in ticarcillin-clavulanate, from 2.3% to 0%, 

although a small decrease in amoxicillin-clavulanate exposure also occurred, from 5.5% 

to 4%.  The findings from the case-control analysis indicated that 19% of CDAD prior 

to the policy change was attributable to exposure to clavulanate-containing penicillins.  

The decline in exposure to clavulanate-containing penicillins was estimated to reduce 

the incidence of CDAD by 8%. 
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Length of stay and financial burden of CDAD

The relationship between penicillin antibiotics that contain clavulanic acid and CDAD 

was not a primary aim of this research.  However several lines of evidence have 

emerged that suggests these antibiotics may be causally related to CDAD.  Future 

studies are required to confirm or refute this relationship. 

 

These results were in contrast with both a previous study undertaken at SCGH and 

studies from elsewhere.  This was attributed mainly to the exclusion of 12 CDAD cases 

from the case-control study because they experienced recurrent episodes within the 

same hospital admission.  Descriptive data indicated that these patients experienced a 

significantly longer LOS than cases who only had a single CDAD episode.  Although 

cases of recurrent CDAD were few in number, the magnitude of the difference in their 

average LOS compared to cases that experienced a single episode of CDAD are likely 

to significantly influence the results.  However, the underlying comorbidities and the 

severity of illness of these patients that in themselves are likely to influence LOS and 

cost must also be considered.  In addition, these factors are likely to be connected to the 

reasons some patients are susceptible to CDAD relapses.  Studies are required, 

therefore, to establish to what extent recurrent CDAD independently contributes to LOS 

and cost. 

 

An additional aim of the research was to establish the impact of CDAD in SCGH, in 

terms of additional length of stay and financial implications attributed to CDAD.  Data 

collected for the case-control study was used in this analysis.  The results of multiple 

linear regression modeling indicated that an episode of CDAD only marginally 

extended a patient’s admission, by 2.4 days (95% CI=1.93-2.97), and cost only $4.70 

per patient after adjusting for comorbidities.  The real cost of this additional length of 

stay, based on daily bed costs and the average number of CDAD cases per year, was 

calculated to be $168,000 prior to ceftriaxone restriction, and $67,200 afterwards. 

 

 

Although unable to quantitate the full impact of CDAD on hospital resources, the 

results suggest that single episodes of CDAD do not represent a significant burden to 

the hospital.  
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Some general practical limitations were identified during the course of this research.  As 

discussed previously, the case-control study had less power than had been anticipated 

(48%), however definitive results were obtained.  In hindsight, a pilot study to estimate 

the prevalence of exposure to 3rd generation cephalosporins in the SCGH inpatient 

population may have helped improve the study design.  However, a study twice the size 

would have been needed to obtain 85% power; therefore the feasibility of the study may 

have been reconsidered unless additional resources were available to assist with the data 

collection. 

 

11.3 STRENGTHS AND LIMITATIONS 

The validity of the results from the case-control study was discussed in Chapter 10.  In 

summary, the case-control study was designed and carried out so that threats to validity, 

including bias, chance, and confounding were minimised.   

 

In order to achieve the sample size that had been estimated, it was necessary to identifiy 

cases from as early as 1996.  Due to a change to a new microbiology database, data 

prior to September 1996 had been archived and could not be extracted until later into 

the study.  As a result, CDAD cases to be included in the case-control study from this 

period could only be identified from the hospital administrative database (TOPAS) 

using the ICD-9-CM code for C.difficile infection. When the laboratory data was 

subsequently obtained, it was clear that not all cases with a positive laboratory result for 

C.difficile were allocated the appropriate ICD code (Chapter 7).  Reasons why some 

CDAD cases identified through the laboratory database were not allocated the ICD code 

for C.difficile are speculative.  One possible reason is that these patients had a positive 

culture for C.difficile, and a negative faecal cytotoxin result; physicians may not be 

willing to make a diagnosis of CDAD unless cytotoxin has been identified.  However, 

23 of the 41 CDAD cases not allocated an ICD code were cytotoxin positive.  

 

Inclusion of culture positive patients as CDAD cases, without toxin identification, is 

often criticised because non-toxigenic strains are considered to be non-pathogenic.  In 

SCGH, only cytotoxin is tested for, therefore strains that are cytotoxin-negative but 
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The results from this thesis contribute to the growing evidence in the literature that a 

causal relationship exists between 3rd generation cephalosporin antibiotics and hospital-

acquired CDAD.  They also suggest that penicillin-clavulanate combination antibiotics 

have a more important role than previously recognised. 

 

The introduction of an antibiotic policy that restricted ceftriaxone use in SCGH, 

provided a unique opportunity to evaluate 3rd generation cephalosporin restriction as a 

viable strategy to the control and prevention of CDAD.  The results from this evaluation 

supported the use of 3rd generation cephalosporin restriction policies to reduce the 

occurrence of CDAD in hospitals.  Although not examined in this thesis, reduction in 

the use of 3rd generation cephalosporins is likely to also contribute to reduction in 

antibiotic resistant organisms such as MRSA and VRE. 

 

 

enterotoxin-positive would be missed.  In addition, direct cytotoxin testing of stool 

samples has low sensitivity; for a more accurate diagnosis C.difficile cultures should be 

tested for cytotoxin.  However, in retrospective studies using laboratory databases, the 

results will always be subject to variations in the approach to laboratory diagnosis.  

Despite consistency in the criteria used for testing stool specimens for C.difficile, and 

the same microbiological methods, cytotoxin testing of cultures was not consistently 

used throughout the study period.  Based on these arguments the decision was made to 

include culture-positive patients as CDAD cases. 

 

11.4 CONCLUSIONS 
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APPENDIX 2. IMPLEMENTATION OF THE CEFTRIAXONE 
RESTRICTION POLICY 

 
 



   

 

Dr 

 

 

 

Dear  
Antibiotic Policy changes relating to ceftriaxone, cefepime and timentin 

 
You may be aware that the Hospital Drug Committee has recently completed another review on 

the use of the antibiotic ceftriaxone, within Sir Charles Gairdner Hospital.  

 

Based on the results of the review the Committee believes that it is an appropriate time to 

change the approval process for the use of the above antibiotics. It is the Committee’s opinion 

that the 72 hour stop order policy in general, is not being followed, and this is borne out in the 

results of the review.  

 

Prior to the introduction of the third generation cephalosporins to this hospital, resistance among 

Gram negative bacilli was relatively uncommon and these resistant organisms comprised only 

about 8% of our Gram negative hospital flora. In the last ten years since we have widely 

embraced the use of these drugs, this resistance problem has increased almost in linear fashion 

along with our increased use of cephalosporins. Now, primary and inducible cephalosporin 

resistant organisms comprise a level of about 35%; a greater than four-fold increase over this 

period of time. 

 

Based on its concerns relating to increasing resistance, inappropriate use, and increased cost, 

the Hospital Drug Committee has made the following recommendations, which I have endorsed, 

in relation to the above three drugs.  

 

1. Ceftriaxone, cefepime and timentin will revert to category 1 antibiotics (they will 
require approval from a Microbiologist). The request for approval to use these 
antibiotics will only be considered by Microbiology after  the prescriber has 
confirmed the need for the antibiotic with the consultant in charge of the case. 

2. Ceftriaxone will be removed from ward imprest stock. 
3. A small stock of ceftriaxone will be available in E.D. for emergency use (meningitis, 

meningococcaemia) and in ICU for ward use after approval. 
4. Revised policies for antibiotic management of community acquired pneumonia, 

nosocomial pneumonia, intra-abdominal sepsis and febrile neutropenia have been 
developed by the Department of Microbiology & Infectious Diseases and will be sent 
to every hospital prescriber. 

5. Exemptions to approval requirements are: ICU, Haematology/Oncology, Renal & CF 
patients. 

6. Ongoing bi-monthly audits will continue. 



   

 

 

The Hospital Drug Committee has endorsed a sub-audit of patients, where the primary 

diagnosis during the audit period was respiratory infection (84 patients of 145). The sub-audit 

will seek to determine, for these patients, whether the use of ceftriaxone was appropriate and in 

line with international guidelines for antibiotic management of respiratory infections. Results will 

be made available to prescribers when the audit is completed. 

 

To ensure that the change in antibiotic policy is communicated as widely as possible this letter 

is being sent to each prescriber, together with a copy of the Revised Antibiotic Policies. The 

change in policy will be advertised in the Medical Newsletter and SCGH Drug Bulletin, and wall 

charts will be provided for use in ward areas. Copies of the ceftriaxone audit results are 

available from your CSU Medical Co-Director. 

 

The implementation date for this policy change will be Thursday 1st October 1998. 

 

 

Yours sincerely, 

 

 

 

 

 

Dr D Davies 
EXECUTIVE DIRECTOR OF MEDICAL SERVICES  
Encl. Revised Antibiotic Policies September 1998 
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APPENDIX 4. RESIDUAL AUTOCORRELATION AND PARTIAL 
AUTOCORRELATION PLOTS 
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APPENDIX 5: RESULTS FROM EPIDEMIOLOGICAL STUDIES 
USING ALTERNATIVE CONTROL GROUPS 



   

Ref.    Confounders 

considered 

  Study Participants Bias Results Comments

Possible inclusion of non-

nosocomial cases.  

Younger age (39.5mth v. 68.2 mth, p <0.02, t-test), shorter 

hospital stay (4.3 days v. 14.3 days, p <0.05, t-test) 

significantly associated with C.difficile positive patients. 

Antibiotic use not significant. 

Age, 

severity/comorbidity 

[oncology] (restricted) 

Diagnostic Oncology inpatients with 

diarrhoea over a 9 month period 

at a childrens hospital (13 

C.difficile positive "samples", 136 

C.difficile negative "samples" 

330 Burgner (1997), 

Australia, cross-

sectional 

Exposure misclassification 

Disease misclassification 

Exposure misclassification Severity/comorbidity 

[ICU] (restricted) 

CDAD patients found to more commonly be exposed to at 

least 20 days of antibiotic therapy (15/17 v 5/11, p=0.02) 

Confounding not controlled; 

more females in CDAD group, 

CDAD group older but not able 

to test statistically, differences 

in underlying illnesses between 

groups. 

331 Cheng (1997), 

Taiwan, cross-

sectional 

Patients admitted to ICU unit in a 

general hospital over a 4 month 

period (17 CDAD, 11 C.difficile 

carriers) 

Disease misclassification 

Inclusion of non-nosocomial 

cases.   

 CDAD patients exposed to more antibiotics than controls, 

44.2g versus 15.6g [p=0.001, t-test).  Other factors found to 

be significant: increased age, bedridden, bacteraemia, UTI. 

Inpatients of a 703-bed tertiary 

care university affiliated Veterans 

Affairs medical centre with 

diarrhoea (52 CDAD, 86 

C.difficile negative controls) 

Exposure misclassification 

 

Diagnostic plus other 

selection bias. 

201 Climo (1998), 

USA, cross-

sectional, 

outbreak Disease misclassification 

Possible inclusion of non-

nosocomial cases.   

Cooper (1995), 

USA, cross-

sectional. 

Exposure misclassification 

No antibiotics signficant in a LR model 

Penicillins/cephalosporins [OR=2.77, 95%CI=1.04-7.4] 

significantly associated with CDAD, aminoglycosides 

significantly protective of CDAD [0.34, 0.12-0.86] by 

univariate analysis calculated from paper. 

 Diagnostic Random sample of 271 inpatients 

of a 919-bed tertiary care hospital 

with diarrhoea tested for 

C.difficile  (50 CDAD, 130 

C.difficile negative controls) 

329 

Disease misclassification 

Exposure misclassification Severity/comorbidity 

[surgical] (restricted) 

No comparative data provided or able to be calculated. 332 Crabtree (1999), 

USA, case-control 

Surgical inpatients (32 cases, 64 

controls with other nosocomial 

infections) 

Disease misclassification 

 

 



   

No control for other 

confounders although gender 

found to be similar in both 

groups, but LOS was greater in 

cases (prior to onset). 

Age (restricted) Clarithromycin 4 weeks prior to illness [OR=5.69, 95% 

CI=1.46, 32.21], clarithromycin 1 week prior [10.33, 2.22, 

95.47] only significant antibiotic (calculated from paper) 

Self-selection 203 Guyot (2000), 

UK, case-control 

Hospitalised patients aged >65 

years from two hospitals (64 

cases and 64 symptomatic 

C.difficile negative controls) 

Exposure misclassification 

Disease misclassification 

Lack of iv vancomycin [OR=3.34, 95% CI=1.14-9.75], and 

low grade chemotherapy [7.2, 2.4-21.6] were significantly 

associated with CDAD in a LR model, and prior hospital 

admission within 2 months [2.8, 0.99-7.95] was borderline.  

Semi-synthetic penicillins and antivirals significantly 

protective by univariate analysis. 

Age, gender 

(matched), 

severity/comorbidity 

[Haematologic/ BMT] 

(restricted) 

Diagnostic Haematologic malignancy/BMT 

unit inpatients in a 947-bed urban 

tertiary care teaching hospital 

who were tested for C.difficile 

(29 cases, 78 C.difficile negative 

controls) 

212 Hornbuckle 

(1998), USA, 

case-control 

Exposure misclassification 

Disease misclassification 

Measured antibiotics up to and 

after onset of diarrhoea (but 

claim only oral vancomycin 

used for treatment of CDAD).  

LOS, presence of neutropenia, 

and receipt of high grade 

chemotherapy entered into 

model but not significant (total 

LOS). 

Age, antimicrobial days, not 

significant by univariate 

analysis. 

Severity/comorbidity 

[critical care patients] 

(restricted) 

Diagnostic Patients admitted to critical care 

units who were tested for 

C.difficile (22 C.difficile positive, 

125 C.difficile negative patients) 

199 Jensen (1994), 

USA, cross-

sectional 

β-lactam antibiotics not significant by univariate analysis 

[OR=5.4, 95% CI=0.7-43.2]  Sucralfate, an antacid, found 

to be protective by multivariate analysis [0.15, 0.05-0.42]. 

Exposure misclassification 

Disease misclassification 

220 Katz (1996), 

USA, cross-

sectional 

480 inpatients tested for 

C.difficile (68 cases, 265 

cytotoxin-negative controls) 

Diagnostic Age, LOS 

(multivariate) 

Antibiotic use (OR=9.00, 95% CI=2.10-38.4) in LR model 

that included clinical variables (diarrhoea, abdominal pain).  

Cephalosporin use (4.48, 2.29-8.76) in a second model also 

including clinical variables. 

Age, LOS and Charlson 

comorbidity score not entered 

into LR because p>0.1 in 

univariate analyses.   

Exposure misclassification 

Disease misclassification 

 Any antibiotic [OR=22.6, 95% CI=6.7-77.4], ciprofloxacin 

[2.29, 1.13-166] and respiratory tract infections [3.16, CI 

1.16-8.55] significant in LR model.  Also NG tubes found to 

be protective [ 0.094, 0.033-0.265]. 

Diagnostic 211 Lai (1997), USA, 

case-control 

Inpatients of a 370-bed tertiary 

care teaching hospital (92 cases, 

78 symptomatic C.difficile 

negative controls) 

Exposure misclassification 

Disease misclassification 

Age, duration of exposure to 

antibiotics not significantly 

different between groups by 

univariate analysis. 

 



   

Cases had more ICD-9-CM 

codes, no information 

regarding age or gender 

distribution. 

Severity/comoribidty 

[HIV] (multivariate) 

Only 3GC remained significant in LR models [p<0.001] that 

included either antimicrobials significant by univariate 

analysis (clindamycin, piperacillin-tazobactam, rifampin), or 

included HIV status. 

Diagnostic 217 Mody (2001), 

USA, case-control 

Inpatients of a 400-bed university 

affiliated acute and teriary care 

hospital tested for C.difficile (252 

cases, 98 C.difficile negative 

controls) 

Exposure misclassification 

Disease misclassification 

No difference in mean age 

between groups, degree of 

disability and feeding 

assistance not significant in LR 

model. LOS not measured. 

Cefuroxime [OR=5.02, p<0.001], macrolides [3.01, 

p=0.003] and ciprofloxacin [2.57, p=0.007] significantly 

associated with CDAD in LR model.  Lactulose protective 

in LR model [0.43, p=0.007]. 

Age (restricted, >65 

years), 

severity/comorbidity 

[degree of disability] 

(multivariate) 

Diagnostic 213 Shah (2000), UK, 

cross-sectional 

Inpatients of acute general 

medical and elderly wards with 

diarrhoea (126 CDAD, 126 

C.difficile negative patients) 

Exposure misclassification 

Disease misclassification 

Age (restricted) Antibiotic exposure not significant [OR=1.07, 95% 

CI=0.18-11.70] calculated from paper. 

 Diagnostic bias Paediatric inpatients investigated 

for C.difficile (11 nosocomial 

cases, 52 symptomatic C.difficile 

negative controls) 

328 Thompson (1983), 

USA, cross-

sectional 

Exposure misclassification 

Disease misclassification 

 Cephalosporins [OR=4.22, 95% CI=2.16,8.29], 1GC [2.61, 

1.34-5.12] only significant association. 

More cases aged 70 years and 

over than controls. 

Diagnostic Hospitalised patients in a 

teaching hospital tested for 

C.difficile (91 cases, 91 C.difficile 

negative controls) 

200 Watanakunakorn 

(1996), USA, 

case-control 

Exposure misclassification 

Disease misclassification 

LOS (restricted) 3GC [OR=3.0, p=0.04 McNemars] only significant 

association. 

Possible inclusion of non-

nosocomial cases. Gender and 

comorbidities found to be 

similar in both groups.  No 

information regarding age 

distribution.  

Diagnostic and other 

selection bias 

Hospitalised patients in a 600-bed 

acute and referral urban hospital 

tested for C.difficile (83 cases, 69 

C.difficile negative controls) 

216 Zimmerman 

(1991), USA, 

case-control Exposure misclassification 

Disease misclassification 

OR odds ratio 
CI confidence interval 
LR logistic regression 
NG nasogastric tube 
3GC 3rd generation cephalosporin 
2GC 2nd generation cephalosporin 
 

 



   

 

 
 

APPENDIX 6. DISTRIBUTION OF RISK FACTORS FOR CASES 
AND CONTROLS DURING THE TOTAL PERIOD OF THE STUDY 

 
 
 
 
 
 
 
 

 



   

 

6.1 Antimicrobials 
 

Factor Cases (%) 
Controls 

(%) 
OR (95% CI) 

    

Antibiotics 167 (86.5) 183 (47.5) 8.21 (4.75-14.18) 

 1st generation 

 2nd generation 

 3rd generation 

 4th generation 

 Beta-lactamase resistant 2.46 (1.47-4.13) 

3.48 (1.80-6.70) 

Tetracyclines 2.0 (0.28-14.20) 

 

  

1.69 (1.14-2.49) 

4-5 48 

Median (range) 

Cephalosporins 110 (57) 99 (25.7) 3.72 (2.53-5.45) 

48 (25) 52 (13.5) 2.13 (1.36-3.34) 

29 (15) 29 (7.5) 2.17 (1.24-3.80) 

60 (31) 35 (9.1) 4.69 (2.85-7.69) 

12 (6.2) 1 (0.26) 24.0 (3.12-184) 

Penicillins 106 (55) 85 (22.1) 4.06 (2.76-5.98) 

 Beta-lactamase sensitive 25 (13) 37 (9.6) 1.37 (0.81-2.34) 

38 (19.7) 36 (9.3) 

 Clavalunate combinations 65 (33.7) 25 (6.5) 6.68 (3.95-11.29) 

Lincosamides (clindamycin) 6 (3.1) 2 (0.5) 5.58 (1.12-27.79) 

Macrolides 18 (9.3) 24 (6.2) 1.52 (0.80-2.89) 

Quinolones 40 (20.7) 19 (5.0) 6.74 (3.34-13.59) 

Aminoglycosides 53 (27.5) 31 (8.0) 4.14 (2.53-6.79) 

Trimethoprim-sulphonamides 25 (13) 15 (4.0) 

Carbapenems 18 (9.3) 0 (0) - 

2 (1) 2 (0.5) 

Glycopeptides 26 (13.5) 10 (2.6) 5.53 (2.58-11.830 

Imidazole derivatives (metronidazole) 58 (30) 23 (6.0) 6.60 (3.78-11.53) 

   

Other antimicrobials    

Antimycobacterials 3 (1.5) 2 (0.5) 3.0 (0.50-17.95) 

Antivirals 13 (6.7) 3 (0.8) 8.67 (2.47-30.4) 

Antifungals 58 (30) 14 (3.6) 12.12 (5.99-24.53) 

Antiparasitic 0 (0) 1 (0.2) - 

  

Number of antimicrobial classes    

1 19 74 0.48 (0.28-0.80) 

2-3 67 94 

13 10.0 (4.91-20.49) 

≥6 36 5 22.5 (6.92-73.32) 

4 (1-12) 2 (1-7)  



   

 

6.2 Other medication 
 

Factor Cases (%) Controls (%) OR (95% CI) 

    

Gastrointestinal 172 

110 

 Digestive supplements 

Cardiovascular 155 271 

188 

22 

15 

 Any 

  

225 5.18 (3.17-8.45) 

 Anti-diarrhoeals 33 5 13.20 (5.15-33.8) 

 Anti-ulcer 100 3.77 (2.56-5.56) 

 Anti-spasmodics 19 6 6.33 (2.53-15.86) 

2 2 2.0 (0.28-14.20) 

 Laxatives 90 105 2.44 (1.67-3.58) 

1.90 (1.20-2.98) 

CNS medication 174 255 4.68 (2.74-7.97) 

Analgesia 311 8.69 (3.45-21.89) 

Musculoskeletal agents 76 88 2.13 (1.47-3.10) 

Endocrine agents 93 121 2.08 (1.44-3.01) 

Genitourinary agents 15 11 3.05 (1.32-7.02) 

Respiratory agents 70 63 2.83 (1.88-4.24) 

Chemotherapy    

 Current 15 3.74 (1.75-7.99) 

 Previous 24 3.67 (1.82-7.39) 

30 21 3.34 (1.81-6.180 

  

 



   

 

6.3 Procedures 
 

Exposure Cases (%) Controls (%) OR (95%CI) 

    

Nutrition support 75 51 1.19 (0.78-1.84) 

 Enteral feeding 38 7 7.71 (3.36-17.71) 

 Parenteral feeding 11 0 ND 

 Therapeutic diet 21 42 1.0 (0.57-1.74) 

 Oral nutrition support 6.40 (2.90-14.14) 

25 

17 3.27 (1.49-7.17) 

7 1.75 (0.63-4.83) 

  Liver/biliary tract 9 

26 8.43 (3.46-20.52) 

19 

21 1.34 (0.73-2.46) 

1 

7.84 (4.75-12.96) 

 NGT 12 

27 10 

Surgical procedures 101 163 1.54 (1.07-2.20) 

 Abdominal 68 38 5.05 (3.13-8.16) 

  Upper GI 38 16 5.26 (2.63-10.51) 

  Oesoph, stomach, SI 6 9.71 (3.71-25.42) 

  Upper endoscopy 19 10 4.41 (1.92-10.14) 

  Lower GI 11 

  LI, rectal, anal 12 6 4.0 (1.50-10.66) 

  Lower endoscopy 8 

10 2.34 (0.92-5.990 

  Other  7 

 Thoracic 31 3.63 (1.98-6.66) 

 Cardiovascular 33 

 Neurosurgical 26 17 3.59 (1.83-7.05) 

 Musculoskeletal 35 73 0.95 (0.60-1.50) 

 Urinary tract 5 8 1.25 (0.41-3.82) 

 Bone marrow/spleen 8 16 (2.0-127.93) 

 Lymphatic 6 2 6.0 (1.21-29.70) 

Non-surgical gastrointestinal 85 35 

64 13.74 (6.83-27.63) 

 Enema 33 19 4.04 (2.18-7.48) 

 Colonic lavage 10 11 1.96 (0.78-4.89) 

Non-surgical musculoskeletal 3 7 0.84 (0.2-3.49) 

Radiology (MRI or CT) 91 103 2.37 (1.65-3.41) 

Nuclear medicine 21 11 4.37 (1.99-9.59) 

Resuscitation 5 1 10 (1.17-85.59) 

Mechanical ventilation 29 9 8.96 (3.70-21.66) 

Urinary catheterisation 103 60 7.09 (4.43-11.33) 

Central vascular catheter 38 8 14.33 (5.63-36.49) 

Dialysis 13 4 6.50 (2.12-19.93) 

Blood/platelet transfusion 59 32 4.94 (2.98-8.18) 



   

 

6.4 Diagnoses 
 

Factor Cases (%) Controls (%) OR (95%CI) 

    

Charlson Index    

Median (range) 4 (0-28) 0 (0-19)  

Mean 4.59 1.67  

SD 4.92 2.47  

Charlson index = 0 48 219 0.24 (0.16-0.37) 

Charlson index ≥ 0 145 167 4.09 (2.73-6.15) 

    

Neoplasia 64 57 3.10 (1.99-4.83) 

Infection 108 51 8.30 (5.17-13.33) 

Endocrine, nutritional, metabolic 104 136 2.33 (1.59-3.41) 

Blood and blood forming organs 77 48 4.53 (2.92-7.04) 

Mental 51 72 1.59 (1.05-2.43) 

Nervous system 69 66 2.69 (1.79-4.03) 

Circulatory 133 237 1.50 (1.0-2.26) 

Respiratory 107 107 3.13 (2.17-4.52) 

Digestive system 114 89 6.17 (3.89-9.78) 

Genitourinary 89 79 3.41 (2.29-5.07) 

Skin and subcutaneous 47 25 4.52 (2.64-7.74) 

Injury and poisoning 

Musculoskeletal 61 96 1.43 (0.96-2.12) 

Congenital 7 9 1.67 (0.57-4.89) 

Symptoms, signs and ill-defined conditions  115 104 3.73 (2.57-5.42) 

102 96 3.30 (2.26-4.81) 

 



   

 

6.5 Other factors 
 

OR (95%CI) Factor Cases (%) Controls (%) 

    

Length of stay    

Median (range) 14 (2-182) 4 (3-130) 

208 

171 

  

14.41 (5.67-36.59) 

129 

 

Mean 22.2 6.5  

SD 27.1 9.2  

LOS ≤ 4 days 22 0.08 (0.04-0.14) 

LOS > 4 days 178 12.96 (6.93-24.24) 

  

ICU stay 44 16 

Admitted from another facility 57 63 2.17 (1.43-3.30) 

Emergency v. elective admission 277 0.80 (0.55-1.15) 

 

 



   

 

 
 

 

 
 
 

 
 
 
 

APPENDIX 7. ANTIBIOTIC EXPOSURE IN A CASE-CONTROL 
STUDY OF HOSPITAL-ACQUIRED CDAD 

 



   

 

Factor Pre-policy Total period 

 
Cases (%) 

n=149 

Controls (%) 

n=310 

Cases (%) 

n=193 

Controls (%) 

n=385 

     

1st generation cephalosporins 

Cefaclor 

Cephalothin 

2nd generation cephalosporins 

Cefotetan 29 (7.5) 

3rd generation cephalosporins 35 (9) 

35 (9) 

 

4th generation cephalosporins 1 (0.3) 

0 (0) 1 (0.3) 

6 (4) 

 

Beta-lactamase sensitive penicillins 

4 (1) 

Amoxicillin 13 (4.2) 

 

26 (17.4) 

22 (7) 

Ticarcillin/clavulanate (Timentin) 

 

 

 

2 (1.3) 

1 (0.5) 

31 (21) 37 (12) 48 (25) 52 (13.5) 

6 (4) 7 (2.3) 6 (3) 8 (2) 

Cephalexin 23 (15.4) 14 (4.5) 33 (17) 18 (4.7) 

4 (2.7) 18 (5.8) 16 (8.3) 32 (8.3) 

     

25 (16.8) 25 (8) 29 (15) 29 (7.5) 

Cefamandole 9 (6) 17 (5.5) 13 (6.7) 18 (4.7) 

17 (11.4) 25 (8) 17 (8.8) 

     

56 (37.6) 34 (11) 60 (31) 

Cefotaxime 6 (4) 2 (0.6) 6 (3) 2 (0.5) 

Ceftriaxone 53 (35.6) 32 (10.3) 57 (29) 

    

6 (4) 0 (0) 12 (6.2) 

Cefepime 0 (0) 6 (3.1) 

Cefpirome 0 (0) 6 (3.1) 0 (0) 

    

17 (11.4) 23 (7.4) 25 (13) 37 (9.6) 

Phenoxymethypenicillin 1 (0.7) 4 (1.3) 1 (0.5) 

14 (9.4) 22 (11.4) 25 (6.5) 

Benzylpenicillin 3 (2) 8 (2.6) 4 (2) 10 (2.6) 

    

Beta-lactamase resistant penicillins 26 (8.4) 38 (19.7) 36 (9.3) 

Dicloxacillin 10 (6.7) 10 (3.2) 19 (9.8) 15 (3.9) 

Flucloxacillin 20 (13.4) 18 (5.8) 27 (14) 25 (6.5) 

     

Clavulanate combination penicillins 55 (37) 65 (33.7) 25 (6.5) 

Amoxicillin/clavulanate (Augmentin) 36 (24.2) 17 (5.5) 46 (23.8) 20 (5.2) 

22 (14.8) 7 (2.3) 24 (12.4) 7 (1.8) 

    

Other penicillin combinations    

Tazobactam/piperacillin (Tazocin) 3 (2) 0 (0) 7 (3.6) 2 (0.5) 

    

Macrolides 12 (8) 17 (5.5) 18 (9.3) 24 (6.2) 

Azithromycin 8 (2.6) 3 (1.5) 14 (3.6) 

Clarithromycin 1 (0.7) 0 (0) 0 (0) 



   

 

Factor Pre-policy Total period 

Erythromycin 4 (2.7) 2 (0.6) 9 (4.7) 3 (0.8) 

Roxithromycin 6 (4) 7 (2.3) 6 (3.1) 7 (1.8) 

 

27 (18) 

8 (2.6) 13 (3.4) 

Norfloxacin 4 (1.3) 6 (1.6) 

Trovafloxacin 0 (0) 

31 (8) 

0 (0) 

30 (7.8) 

1 (0.3) 

 

Trimethoprim-Sulphamethoxazole 

 

16 (8.3) 

  

2 (1.3) 2 (0.5) 

1 (0.3) 

19 (12.7) 

   

Antimycobacterials 2 (0.6) 

0 (0) 

1 (0.3) 

0 (0) 

0 (0) 

0 (0) 

Rifabutin 

  

    

Quinolones 12 (4) 40 (20.7) 19 (5) 

Ciprofloxacin 21 (14) 32 (16.6) 

6 (4) 8 (4) 

0 (0) 1 (0.5) 0 (0) 

     

Aminoglycosides 34 (22.8) 18 (5.8) 53 (27.5) 

Amikacin 0 (0) 1 (0.5) 0 (0) 

Gentamicin 33 (22) 17 (5.5) 52 (27) 

Streptomycin 1 (0.7) 0 (0) 1 (0.5) 0 (0) 

Tobramycin 0 (0) 1 (0.3) 0 (0) 

    

Trimethoprim-Sulphonamides 18 (12) 11 (3.5) 25 (13) 15 (3.9) 

14 (9.4) 2 (0.6) 15 (7.8) 4 (1) 

Trimethoprim  5 (3.4) 9 (3) 11 (5.7) 12 (3) 

     

Carbapenems 14 (9.4) 0 (0) 18 (9.3) 0 (0) 

Imipenem 2 (1.3) 0 (0) 2 (1) 0 (0) 

Meropenem 12 (8) 0 (0) 0 (0) 

   

Tetracyclines 1 (0.3) 2 (1) 

Doxycycline 1 (0.7) 1 (0.3) 1 (0.5) 

Minocycline 1 (0.7) 0 (0) 1 (0.5) 1 (0.3) 

     

Glycopeptides 7 (2.3) 26 (13.5) 10 (2.6) 

Vancomycin 17 (11.4) 6 (2) 24 (12.4) 8 (2) 

Teicoplanin 3 (2) 1 (0.3) 3 (1.5) 2 (0.5) 

  
3 (2) 3 (1.5) 2 (0.5) 

Clofazimine 1 (0.7) 1 (0.5) 0 (0) 

Dapsone 0 (0) 1 (0.3) 0 (0) 

Ethambutol 1 (0.7) 1 (0.5) 0 (0) 

Isoniazid 1 (0.7) 0 (0) 1 (0.5) 

Pyrazinamide 1 (0.7) 1 (0.5) 0 (0) 

1 (0.7) 0 (0) 1 (0.5) 0 (0) 

Rifampicin 3 (2) 1 (0.3) 3 (1.5) 1 (0.3) 

   

Antivirals 10 (6.7) 0 (0) 13 (6.7) 3 (0.8) 



   

 

Factor Pre-policy Total period 

Acyclovir 8 (5.4) 0 (0) 11 (5.7) 2 (0.5) 

Famciclovir 0 (0) 0 (0) 0 (0) 1 (0.3) 

2 (1.3) 

Nelfinavir 

1 (0.7) 1 (0.5) 

58 (30) 

0 (0) 2 (1) 0 (0) 

1 (0.3) 

0 (0) 

31 (21) 

   

Other antimicrobials 4 (2.7) 6 (3) 

0 (0) 

1 (0.5) 

Ganciclovir 0 (0) 2 (1) 1 (0.3) 

1 (0.7) 0 (0) 1 (0.5) 0 (0) 

Stavudine 0 (0) 0 (0) 

     

Antifungals 43 (29) 9 (3) 14 (3.6) 

Amphotericin 12 (8) 1 (0.3) 14 (7) 1 (0.3) 

Clotrimazole 1 (0.7) 

Fluconazole 18 (12) 27 (14) 1 (0.3) 

Griseofulvin 0 (0) 0 (0) 1 (0.3) 

Itraconazole 1 (0.7) 1 (0.3) 1 (0.5) 2 (0.5) 

Ketoconazole 1 (0.7) 0 (0) 1 (0.5) 0 (0) 

Nystatin 6 (2) 39 (20) 9 (2.3) 

  

1 (0.3) 1 (0.3) 

Fusidic acid 1 (0.7) 1 (0.3) 2 (1) 1 (0.3) 

Colistin 1 (0.7) 1 (0.5) 0 (0) 

Aztreonam 1 (0.7) 0 (0) 0 (0) 

Nitrofurantoin 1 (0.7) 0 (0) 1 (0.5) 0 (0) 

Sulfomethate 1 (0.7) 0 (0) 1 (0.5) 0 (0) 

 



   

 

 
 
 
 
 
 
 
 
 
 

APPENDIX 8. NON-CONFOUNDERS OF THE ASSOCATION 
BETWEEN THIRD GENERATION CEPHALOSPORINS AND 

CDAD 
 



   

 

Factor 
Adjusted antibiotic 

OR 

Log likelihood 

ratio (p-value) 

   
Antimicrobials   
First generation cephalosporins 4.81 (2.83-8.18) 2.6 (0.10) 

Second generation cephalosporins 4.84 (2.84-8.25) 4.3 (0.04) 

Fourth generation cephalosporins 

33.6 (0.00) 
5.08 (2.96-8.69) 9.4 (0.00) 
5.15 (3.02-8.77) 9.0 (0.00) 

Chemotherapy (previous) 
4.99 (2.92-8.52) 11.1 

  

  Neurosurgical 
4.94 (2.90-8.41) 

10.2 (0.00) 

5.04 (2.89-8.77) 

  

4.70 (2.74-8.06) 

8.3 (0.00) 

Symptoms, signs, ill-defined conditions 
23.0 (0.00) 

4.69 (2.75-7.99) 8.7 (0.00) 
Beta-lactamase resistant penicillins 5.22 (3.03-8.97) 8.1 (0.00) 
Lincosamides 5.37 (3.12-9.22) 8.2 (0.00) 
Aminoglycosides 4.83 (2.78-8.40) 19.1 (0.00) 
Trimethoprim-sulphonamides 5.03 (2.94-8.58) 9.6 (0.00) 
Glycopeptides 4.65 (2.71-7.98) 10.5 (0.00) 
Antivirals 4.79 (2.82-8.15) 18.9 (0.00) 
   
Non-antibiotic medication   
CNS medication 5.46 (3.12-9.58) 21.8 (0.00) 
Analgesia 5.35 (3.04-9.41) 30.6 (0.00) 
Gastrointestinal   
 Anti-ulcer 4.88 (2.75-8.64) 
Endocrine 
Chemotherapy (current) 

4.96 (2.90-8.47) 12.9 (0.00) 
Chemotherapy (any) (0.00) 
Genitourinary 5.24 (3.06-8.99) 5.98 (0.01) 
Cardiovascular 4.88 (2.88-8.30) 2.8 (0.08) 
Musculoskeletal 4.86 (2.84-8.22) 8.8 (0.00) 
   
Procedures 
Surgery 4.69 (2.74-8.02) 9.9 (0.00) 
  Abdominal surgical   
  Lower GI surgery (inc. lower endoscopy) 4.94 (2.89-8.43) 6.7 (0.01) 

5.10 (2.97-8.77) 8.3 (0.00) 
  Lymphatic surgical 4.5 (0.03) 
  Thoracic surgical 4.59 (2.67-7.88) 
Nutrition support   
  Oral nutrition support 19.9 (0.00) 
Nuclear medicine 5.19 (3.02-8.90) 13.1 (0.00) 
Dialysis 4.83 (2.81-8.28) 8.9 (0.00) 
Mechanical ventilation 4.92 (2.81-8.62) 23.1 (0.00) 

 
Comorbidities   
Nervous system 8.6 (0.00) 
Genitourinary 4.54 (2.61-7.92) 24.1 (0.00) 
Endocrine, nutritional, metabolic 4.53 (2.65-7.73) 
Skin and subcutaneous 4.88 (2.81-8.47) 22.0 (0.00) 

4.56 (2.60-7.98) 24.8 (0.00) 
Neoplasia 5.29 (3.03-9.21) 
Mental 4.98 (2.92-8.49) 4.4 (0.04) 
   
   



   

 

Factor 
Adjusted antibiotic 

OR 

Log likelihood 

ratio (p-value) 

   
Other risk factors   
Admitted from another facility 4.87 (2.83-8.36) 10.1 (0.00) 

4.92 (2.77-8.74) ICU 30.6 (0.00) 

 



   

 

 
 
 
 
 
 
 
 
 

 

 
APPENDIX 9. ALTERNATIVE MODELS INVESTIGATED FOR 

LENGTH OF STAY AND COST  



   

 

9.1 MLR model for length of stay 
 

Standard 

error 
Cost (95% CI) Variable Coefficient p-value 95% CI 

      

CDAD 0.882 0.0937 0.000 0.70-1.07 2.42 (2.01-2.91) 

ICU 0.600 0.158 0.000 0.29-0.91 1.82 (1.34-2.48) 

Mental 0.269 0.064 0.000 0.14-0.39 1.31 (1.15-1.48) 

Nervous 0.246 

0.182 0.059 

R2=0.65     

 

0.064 0.000 0.12-0.37 1.28 (1.13-1.45) 

Circulatory 0.001 0.072-0.29 1.20 (1.07-1.34) 

Skin and subcutaneous 0.318 0.083 0.000 0.15-0.48 1.37 (1.16-1.62) 

Injury and poisoning 0.334 0.063 0.000 0.21-0.46 1.40 (1.23-1.58) 

CDAD * infection 0.434 0.093 0.000 0.25-0.62 1.54 (1.28-1.860 

CDAD * symptoms, 

signs 
0.392 0.093 0.000 0.21-0.57 1.48 (1.23-1.77) 

ICU * injury -0.544 0.189 0.004 -0.92- (-0.17) 0.58 (0.40-0.84) 

Constant 1.287 0.189 0.000 1.19-1.38 3.62 (3.29-3.97) 

      

 

F=110, p=0.000 [df=10]     

      

 

 

9.2 Robust regression model for cost of CDAD 
 

Variable Coefficient 
Standard 

error 
p-value 95% CI Cost (95% CI) 

      

CDAD 2.53 (2.25-2.83) 

LOS 0.058 

0.000 2.36 (2.07-2.69) 

Disease of circulatory 

system 

0.004 

2514 (2321-2724) 

 

0.927 0.057 0.000 0.81-1.04 

0.004 0.000 0.05-0.06 1.06 (1.05-1.06) 

ICU 0.86 0.066 0.73-0.99 

0.085 0.040 0.032 0.01-0.16 1.09 (1.01-1.17) 

Injury and poisoning 0.172 0.043 0.000 0.09-0.25 1.19 (1.09-1.28) 

CDAD * LOS -0.036 0.000 -0.04-(-0.03) 0.96 (0.96-0.97) 

Constant 7.83 0.039 0.000 7.75-7.91 

      

F=487, p=0.000 [df=6]      

     

 



   

 

 
 
 
 
 
 
 
 
 
 

APPENDIX 10. INTRA-OBSERVER ANALYSIS 
 



   

 

Variable Percentage agreement Kappa statistic (standard error) 

   

Antibiotics 98.2 0.96 (0.13) 

Cephalosporins 96.4 

1.00 (0.13) 

100 

1.00 (0.13) 

Carbapenems 100 

Glycopeptides 100 

98.2 

1.00 (0.13) 

98.2 

0.96 (0.13) 

100 

1.00 

Nutrition support 

98.2 

0.67 (0.13) 

Lower GI surgical procedures 

96.4 

100 

0.49 (0.13) 

Dialysis 100 

0.92 (0.13) 

First generation cephalosporins 100 1.00 (0.13) 

Second generation cephalosporins 96.4 0.65 (0.13) 

Fourth generation cephalosporins 100 

Penicillins 100 1.00 (0.13) 

Lincosamides 1.00 (0.13) 

Macrolides 100 1.00 (0.13) 

Quinolones 98.2 0.88 (0.13) 

Aminoglycosides 100 

1.00 (0.13) 

Trimethoprim-sulphonamides 98.2 0.88 (0.13) 

1.00 (0.13) 

Imidazole derivatives 0.94 (0.13) 

Anti-mycobacterials 100 

Antifungals 98.2 0.93 (0.13) 

   

Gastrointestinal medication 100 1.00 (0.13) 

CNS medication 0.95 (0.13) 

Analgesics 98.2 

Cardiovascular medication 100 1.00 (0.13) 

Musculoskeletal medication 98.2 0.96 (0.13) 

Endocrine medication 96.4 0.92 (0.13) 

Genitourinary medication 1.00 

Respiratory medication 100 

   

Chemotherapy 100 1.00 (0.13) 

90.9 0.72 (0.13) 

Enteral feeding 0.66 (0.13) 

Therapeutic diet 92.7 

Oral nutrition support 90.9 0.40 (0.13) 

Surgical procedures 94.5 0.89 (0.13) 

100 1.00 (0.13) 

Liver surgical 0.00 (0.00) 

Thoracic surgical 98.2 0.90 (0.13) 

Cardiovascular surgical 100 1.00 (0.13) 

Neurosurgical 96.4 0.73 (0.13) 

Musculoskeletal surgical 96.4 0.89 (0.13) 

Urinary tract 1.00 (0.13) 

Musculoskeletal non-surgical 96.4 

Urinary catheterisation 92.7 0.81 (0.13) 

Central vascular catheter 94.5 0.38 (0.11) 

1.00 (0.13) 

Mechanical ventilation 100 1.00 



   

 

Variable Percentage agreement Kappa statistic (standard error) 

Radiology 94.5 0.88 (0.13) 

Nuclear medicine 96.4 0.00 (0.00) 

Blood/platelet transfusion 96.4 0.85 (0.13) 

 

 

 

Kappa statistics could not be calculated for the variables tetracycline, antivirals, 

parenteral nutrition, bone marrow or spleen surgery, or lymphatic surgery because all 

patients comprising the intra-observer dataset had been coded as unexposed in both sets 

of observations. 

 

For some variables (oral nutrition support, non-surgical musculoskeletal procedures) 

although agreement was high, the resulting kappa statistic was low.  This was because 

of the small number of exposures that occurred, and differing by just one observation 

between the two sets of measurements had a large impact on the rating. 
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