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Supplementary Information 1 
Healthcare-associated infections  

Disease outcome trees  



 

Healthcare-associated Clostridium difficile infection (HA 

CDI) 
 

 
 
Risk of symptomatic infection and duration of disease 
 
Clostridium difficile infection (CDI) is defined by a positive laboratory test for C. difficile (C. difficile toxin A and/or/B or positive culture for 

toxinproducing C. difficile or cell cytotoxicity assay or PCR) or pseudomembranous colitis, identified through colonoscopy or 

histopathology or autopsy (ECDC, 2012). 
 
We performed a search for systematic reviews and two additional searches for primary articles on the outcomes ‘length of hospital stay’ 

(LOS), ‘death’ and ‘sepsis’. To differentiate between health states (i.e. mild and moderate vs. severe CDI), data on the severity of CDI were 

collected in a nonsystematic fashion. 
 
For the outcomes ‘LOS’, ‘death’ and ‘sepsis’ we extracted risk differences, whereas for the outcomes ‘recurrence’ and ‘postcolectomy 

state’ absolute risks were used. In the case of the outcome ‘postcolectomy state’ this approach was chosen assuming that colectomy is a 

rare event in patients without CDI. 
 
The outcome tree was constructed starting from acute CDI that was divided into two different health states: mild and moderate versus 
severe CDI, the latter representing 1.5–15% of CDI episodes (HPSC, 2012; Kanerva, 2013; Bauer, 2011; CDAD KISS, 2012). The duration 
of the acute disease was described by the attributable LOS, a surrogate marker for shortterm complications such as ICU stay or toxic 
megacolon. The attributable LOS ranged from zero to eight days (Campbell, 2013; Dodek, 2013; Kyne, 2002; Song, 2008; Tabak, 2013; 
Vonberg, 2008). The transitional probability for the outcome ‘death’ was expressed by the overall attributable mortality (inc luding death 
after colectomy) of 0–11% (lower boundary of 3% was set to zero) (Dodek, 2013; Song, 2008; Tabak, 2013; Oake, 2010). 
 
It was not possible to make a quantitative analysis of the transitional probabilities for the outcomes ‘death’ and ‘LOS’ by pooling the data. This was due to 

(a) differing methods of adjustment by design or analysis (matching, propensity score matching, multivariate analysis) across the studies, (b) adjustment 

factors not being comparable between the studies and (c) variance estimates not being provided for all studies. 
 
The study by Pépin et al (2005), conducted during an epidemic caused by C. difficile PCR ribotype 027 reported the highest estimates for 

LOS and attributable mortality. As the study setting was not representative of a setting where CDIs generally occur, after consultation 

with the experts we decided not to include the study. 
 
The transitional probabilities for the outcome ‘postcolectomy state’ ranged between 0.2 and 3.8% (Bhangu, 2012). The duration of 

this outcome was lifelong. 
 
Calculation of a point estimate by pooling incidences did not seem appropriate without knowing the baseline risks for colectomy within 

the studies. In the majority of articles, the characteristics of the study population only referred to patients with colectomy because the 

selected studies focused on outcomes after colectomy. 
 
Since the systematic search for sepsis did not reveal any eligible studies, this outcome was omitted. 
 
From a clinical point of view, recurrence is a major issue in patients with CDI. Nevertheless, inclusion of recurrence (e.g. by introducing 
one or more loops in the outcome tree) may have led to double counting of cases, and subsequently to an overestimation of the burden 
of disease, depending on how the issue of recurrence was dealt with by the prevalence data fitted into the tree. Therefore, we chose not 
to include recurrence in the outcome tree. 
 

Model input summary 

 
Table 1. Transition probabilities used in the outcome tree  
 Health outcome Distribution of health Transition probability Source/assumption 

 

 
(Health state) 

states in health outcome      
 

        
 

 Symptomatic disease     HPSC, 2012; Kanerva, 2013; Bauer, 2011; 
 



      CDAD KISS, 2012 
 

 Uncomplicated 8598.5%       
 

 Complicated 1.515%       
 

 Fatal cases following   011%  Dodek, 2013; Song, 2008; Tabak, 2013; 
 

 symptomatic infection     Oake, 2010   
 

 Postcolectomy state   0.23.8%  Bhangu, 2012   
 

Table 2. Disability weights and duration      
 

 Health outcome Disability Weight (DW) (Haagsma, 2015)   Duration 
 

 

(Health state) 
       

 

 

DW 
 

Label 
 

In years 
 

Source/assumption 
 

     
 

 Symptomatic disease     00.0219   
 

         
 



 
Uncomplicated 0.0730.149 Diarrhoea, from mild to  Campbell, 2013; Dodek, 

  moderate  2013; Kyne, 2002; Song, 
    2008; Tabak, 2013; 

  Diarrhoea, severe  Vonberg, 2008 
Complicated 0.239 (0.2020.285)    

Postcolectomy state 0.125 (0.1040.155) Stoma Remaining Life  
   Expectancy  
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Healthcareassociated pneumonia (HAP) 

 

 
 
Risk of symptomatic infection and duration of disease 
 
Healthcareassociated pneumonia (HAP) was defined in accordance with the ECDC case definition (ECDC, 2012). A systematic review of 
the literature was performed to estimate the sequelae and the probability of developing these sequelae following HAP. This review took 
into consideration the role of comorbidities by estimating the attributable impact of HAP: attributable mortality, attributable risk of 
developing sequelae and its duration (effect on the length of hospital stay). 
 
The extracted literature was limited to ventilatorassociated pneumonia (VAP) because no specific literature was found for the more 

general search terms 'pneumonia' and 'lower respiratory tract infection'. 
 
Attributable ICUmortality due to VAP varied from 0.1% to 9% based on the studies by Aybar Türkoglu et al. (2008) and Rello et al. (2002). 
The report on surveillance of healthcare-associated infections in intensive care units in Europe, 2008-2012, stemming from the HAI-Net ICU 
surveillance (ECDC, 2016), found an overall attributable case fatality proportion for pneumonia patients of 3.5% that was used as the 
median estimate in our model. 
 
Attributable length of stay in an intensive care unit (ICU) due to VAP varied from 2.03 to 7 days whereas attributable length of hospital 

stay following VAP varied from 7 to 11.5 days. The latter range is included in the outcome tree (AybarTürkoglu, 2008; Rello, 2002). 
 
Sepsis and acute respiratory distress syndrome (ARDS) are generally considered to be frequent consequences of VAP. However, only one study provided 

data on the transitional probability which amounted to 39% (proportion of patients suffering from severe sepsis and/or septic shock) for sepsis/ARDS as a 

health consequence of VAP (Damas, 2011). Duration of severe sepsis or septic shock was 9.9–13 days (Olaechea, 2013;  
Renaud, 2001). The longterm health outcomes following sepsis and ARDS were taken from the model developed for 

healthcareassociated primary bloodstream infection. 
 

Model input summary 

 

Table 1. Transition probabilities used in the outcome tree 
 

 Health outcome Distribution of health  Transition probability   Source/assumption 
 

 
(Health state) 

states in health outcome        
 

          
 

 Fatal cases following    3.5% (0.19)%   Aybar Türkoglu, 2008; Rello, 2002 
 

 symptomatic infection          
 

 Severe sepsis or septic    39%   Damas, 2011 
 

 shock          
 

 Posttraumatic stress    1321%   Kessler, 1995; Deja, 2006; Schelling, 1998; 
 

 disorder (PTSD) following       Stoll, 1999; Kapfhammer, 2004; Hopkins, 
 

 severe sepsis or septic       2005   
 

 shock          
 

 Cognitive impairment    1147%   Hopkins, 2005; Iwashyna, 2010 
 

 following severe sepsis or          
 



 septic shock          
 

 Physical impairment    100%   Hopkins, 2005; Herridge, 2003; Hofhuis, 
 

 following severe sepsis or       2008   
 

 septic shock          
 

 Renal failure and renal    0.91.3%   Gallagher, 2014; Wisplinghoff, 2004 
 

 replacement therapy          
 

 following severe sepsis or          
 

 septic shock          
 

Table 2. Disability weights and duration        
 

 Health outcome  Disability Weight (DW) (Haagsma, 2015)    Duration 
 

 

(Health state) 
          

 

  

DW 
  

Label 
  

In years 
 

Source/assumption 
 

        
 

 Symptomatic infection  0.125 (0.1040.152)  Infectious disease, acute  0.0190.031  Aybar Türkoglu, 2008; 
 

     episode, severe     Rello, 2002 
 

 Severe sepsis or septic  0.655 (0.5790.727)  Intensive care unit  0.0270.036  Olaechea, 2013; Renaud, 
 

 shock    admission     2001 
 

 Posttraumatic stress  0.088 (0.070.108)  Subacute sclerosing  Remaining life   
 

 disorder (PTSD)    panencephalitis – phase 1  expectancy   
 

 following severe sepsis           
 

 or septic shock    (chosen according to best      
 

     fitting description)      
 

            
 



 
Cognitive impairment 0.043 (0.0260.064) Intellectual disability, mild Remaining life  

following severe sepsis   expectancy  

or septic shock     

Physical impairment 0.0110.053 Range between motor Remaining life  
following severe sepsis  impairment, mild and motor expectancy  

or septic shock  impairment, moderate   

Renal failure and renal 0.0300.487 Range between endstage Remaining life  
replacement therapy  renal disease, on dialysis expectancy  

following severe sepsis  and endstage renal   

or septic shock  disease, with kidney   

  transplant   
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Healthcareassociated neonatal sepsis 

 

 
 
Risk of symptomatic infection and duration of disease 
 
Neonatal sepsis is characterised in accordance with the definition set out in ECDC’s point prevalence survey of healthcareassociated 

infections and antimicrobial use in European acute care hospitals with the code NEOLCBI – laboratoryconfirmed bloodstream infection in 

neonates (ECDC, 2012). 
 
The entire disease model was based on the systematic review of the natural history of neonatal sepsis, conducted for the purpose of 

estimating burden of disease by Haller et al. (2015, in press). Given the lack of studies referring to all sepsis in term infants, this outcome 

tree represents very low weight birth (VLBW) infants. This must be taken into account when inputting the number of cases. 
 

Model input summary 

 

Table 1. Transition probabilities used in the outcome tree 
 

 Health outcome Distribution of health   Transition probability  Source/assumption 
 

 
(Health state) 

states in health outcome        
 

           
 

 Fatal cases following     214%   Haller, 2015   
 

 symptomatic infection           
 

 Vision impairment     9%   Haller, 2015   
 

 Hearing impairment     4%   Haller, 2015   
 

 Cerebral palsy     8%   Haller, 2015   
 

 Impaired neuro development     14%   Haller, 2015   
 

 Permanent impaired neuro     6783%   Haller, 2015   
 

 development           
 

Table 2. Disability weights and duration         
 

 Health outcome  Disability Weight (DW) (Haagsma, 2015)    Duration 
 

 

(Health state) 
           

 

  

DW 
   

Label 
  

In years 
 

Source/assumption 
 

         
 

 Symptomatic infection  0.1250.655  Range between Infectious  0.082  Haller, 2015 
 

     disease, acute episode,      
 



     severe and      
 

     Intensive care unit admission      
 

     DWs       
 

 Vision impairment  0.0040.171  From lowest to highest vision  Remaining life  Haller, 2015 
 

     impairment related DWs   expectancy   
 

          
 

 Hearing impairment  0.0080.103  From lowest to highest  Remaining life  Haller, 2015 
 

     hearing loss related DWs   expectancy   
 

 Cerebral palsy  0.0540.425  From lowest to highest Motor  Remaining life  Haller, 2015 
 

     plus cognitive impairments   expectancy   
 

     related DWs      
 

 Impaired neuro  0.0540.425  From lowest to highest Motor  3.48.6  Haller, 2015 
 

 development    plus cognitive impairments      
 

     related DWs      
 

 Permanent impaired  0.0540.425  From lowest to highest Motor  Remaining life  Haller, 2015 
 

 neuro development    plus cognitive impairments   expectancy   
 

     related DWs      
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Healthcareassociated Primary bloodstream 

infections (PBSI) 
 

 
 
Risk of symptomatic infection and duration of disease 
 
A healthcareassociated primary bloodstream infection (HA primary BSI) in adults was defined in accordance with the ECDC case 

definition (ECDC, 2012). 
 
The distribution into complicated vs. uncomplicated cases resulting from an initial symptomatic infection was 34–47% vs. 53–66% 

(Engel, 2007; Pittet, 1995; RangelFrausto, 1995). 
 
The disability weights for hospitalisation in an intensive care unit (ICU) and for complicated sepsis already included the disease weight 
for shortterm complications. Therefore, details of the risk differences are only provided for information purposes since they are not 
required for the outcome tree. Shortterm complications include renal failure with renal replacement therapy (17–23%) (Gallagher, 2014; 
Oppert, 2008; Wisplinghoff, 2004), critical illness myopathy/polyneuropathy (50–75%) (Khan, 2006; GarnachoMontero, 2001) and 
sepsisassociated encephalopathy (50–62%) (Eidelman, 1996). 
 
For some of the longterm complications, we did not identify any relevant literature for cases with a health status of sepsis or BSI, although 

information was found for Acute Respiratory Distress Syndrome (ARDS). As ARDS frequently occurs following severe sepsis, we agreed 

with the clinical experts that ARDS could be used as a proxy for complicated sepsis. 
 
Mortality was set to 9.4–20.3% (Renaud, 2001; Olaechea, 2013) and length of hospital stay) to 10–13 days (Renaud, 2001; Olaechea, 2013). 
 

Risk of complications 
 
Posttraumatic stress disorder (PTSD) is a significant sequelae of severe sepsis/septic shock. Given a population prevalence of 7.8% (Kessler, 1995), the 

resulting risk of developing PTSD was set at 13–21% (Deja, 2006; Schelling, 1998; Stoll, 1999; Kapfhammer, 2004; Hopkins, 2005). 
 
Two studies were identified that reported on the risk of developing cognitive impairment following BSI, but the reported values 

differed significantly: 11% for Iwashyna et al. (2010) and 47% for Hopkins et al. (2005) . Major methodological differences 

included different ascertainment methods and study participants’ health states at the inclusion phase. 
 
A certain degree of physical impairment was reported in all patients during followup after severe sepsis/septic shock (Hopkins, 2005; 

Herridge, 2003; Hofhuis, 2008). 
 
We assumed that the risk of chronic/longterm renal replacement therapy (RRT) was the same for all instances of acute renal failure, 
irrespective of cause. A total of 8% of BSI patients needed RRT at the onset of BSI (Wisplinghoff, 2004). In accordance with the 
American College of Chest Physicians/Society of Critical Care Medicine (ACCP/SCCM) definition, we classified BSI patients with acute 
renal failure as “complicated sepsis”. Thus, the percentage of BSI patients needing RRT (8%) was weighted with severity proportions 
(complicated sepsis in 33.7–47.1%) and a range of 16.6–23.2% was estimated for patients with complicated sepsis that require RRT at 



the onset of BSI. In conclusion, 16.6–23.2% of all patients with complicated sepsis patients were estimated to require RRT in the 
shortterm and of those 5.4% were estimated to require longterm maintenance RRT. Assuming a background risk of zero, the risk of 
requiring longterm RRT after severe sepsis was 0.9–1.3%. 



Model input summary 

 

Table 1. Transition probabilities used in the outcome tree 
 
 Health outcome Distribution of health states in Transition probability Source/assumption 

 

 
(Health state) 

health outcome       
 

        
 

 Symptomatic infection     Engel, 2007; Pittet, 1995; RangelFrausto, 
 

       1995   
 

 Uncomplicated 5366%       
 

 Complicated 3447%       
 

 Fatal cases following   9.420.3%  Renaud, 2001; Olaechea, 2013 
 

 symptomatic infection        
 

 Posttraumatic stress disorder   1321%  Kessler, 1995; Deja, 2006; Schelling, 1998; 
 

 (PTSD) following severe sepsis     Stoll, 1999; Kapfhammer, 2004; Hopkins, 
 

 or septic shock     2005   
 

 Cognitive impairment   1147%  Hopkins, 2005; Iwashyna, 2010 
 

 following severe sepsis or        
 

 septic shock        
 

 Physical impairment following   100%  Hopkins, 2005; Herridge, 2003; Hofhuis, 
 

 severe sepsis or septic shock     2008   
 

 Renal failure and renal   0.91.3%  Gallagher, 2014; Wisplinghoff, 2004 
 

 replacement therapy following        
 

 severe sepsis or septic shock        
 

Table 2. Disability weights and duration       
 

 Health outcome  Disability Weight (DW) (Haagsma, 2015)   Duration 
 

 (Health state)  
DW 

 
Label 

 
In years 

 
Source/assumption  

      
 

 Symptomatic infection      0.0270.036  Renaud, 2001; 
 

         Olaechea, 2013 
 

 Uncomplicated         
 

   0.125 (0.1040.152) Infectious disease, acute     
 

    episode, severe     
 

    Intensive care unit     
 

 Complicated   admission     
 

   0.655 (0.5790.727)       
 

 Posttraumatic stress  0.088 (0.070.108) Subacute sclerosing  Remaining life   
 

 disorder (PTSD) following   panencephalitis – phase 1  expectancy   
 

 severe sepsis or septic         
 

 shock   (chosen according to best     
 

    fitting description)     
 

 Cognitive impairment  0.043 (0.0260.064) Intellectual disability, mild  Remaining life   
 

 following severe sepsis or      expectancy   
 

 septic shock         
 

 Physical impairment  0.0110.053 Range between Motor  Remaining life   
 

 following severe sepsis or   impairment, mild and Motor  expectancy   
 

 septic shock   impairment, moderate     
 

 Renal failure and renal  0.0300.487 Range between Endstage  Remaining life   
 

 replacement therapy   renal disease, on dialysis  expectancy   
 

 following severe sepsis or   and Endstage renal disease,     
 

 septic shock   with kidney transplant     
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Healthcareassociated surgical site infection (HA SSI) 

 

 

 
 
Risk of symptomatic infection and duration of disease 
 
Deep, organspace and superficial surgical site infections (SSIs) were defined in accordance with the ECDC case definition (ECDC, 2012). 
 
In an attempt to provide an outcome tree reflecting the natural history of healthcare associated SSI, a systematic review of the literature 

was undertaken. During the initial search strategy, it became clear that it was impossible to obtain a full picture of all attributable deaths, 

complications, sequelae and length of hospital stay due to the heterogeneous nature of deep, organspace and superficial SSIs. 
 
We therefore decided to group all SSIs and focus on one sequelae: the proportion of case fatalities. The latter was set to 0.9% for 
patients aged under 65 years and to 3.6% for patients 65 years and over (Astagneau, 2001). However, this approach underestimated 
the burden of healthcareassociated SSI which would need to include longterm sequelae, such as mobility restrictions and reoperations 
following joint replacement surgery. 
 

Model input summary 

 

Table 1. Transition probabilities used in the outcome tree 
 

 Health outcome Distribution of health  Transition probability   Source/assumption 
 

 

(Health state) 

states in health        
 

  outcome        
 

          
 

 Deaths following    0.9% < 65   Astagneau P, 2001 
 

 symptomatic infection    3.6% >= 65      
 

Table 2. Disability weights and duration       
 

 Health outcome  Disability Weight (DW) (Haagsma, 2015)    Duration 
 

 

(Health state) 
         

 

  

DW Label 
 

In years 
 

Source/assumption 
 

     
 

 Symptomatic disease  0.051 (0.0390.06) Infectious disease, acute  0.096  Coskun, 2005 
 

     episode, moderate      
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Healthcareassociated urinary tract infection (HA UTI) 

 

 

 
 
Risk of symptomatic infection and duration of disease 
 
Healthcareassociated urinary tract infection (HA UTI) is defined in accordance with the ECDC case definition (ECDC, 2012). A systematic 
review of the literature was performed to estimate the sequelae and the probability of developing these sequelae following a UTI. This 
review took into consideration the role of comorbidities by estimating the attributable impact of a UTI: attributable mortality, attributable 
risk of developing sequelae and duration (effect on length of hospital stay). 
 
The extracted literature was limited to catheterassociated UTIs because no specific literature was found for more general search terms. 
 
Attributable ICU and hospital mortality due to UTIs was not statistically significant and we therefore did not attribute a casefatality rate 

to UTIs directly. The attributable length of stay for patients with urinary tract infections was 2.6 days (Chant, 2011). 
 
According to the ECDC surveillance definition for UTI used in the point prevalence study, which was the source of the incidence data, both 
the presence of bacteruria and symptoms are required for the diagnosis of HA UTI. From the systematic literature review, we could not 
find evidence of the risk of secondary bacteraemia or urosepsis among patients with symptomatic HA UTI, in order to calculate the 
transitional probability related to complications and death. Therefore we indirectly estimated this risk by combining the risk of developing 
secondary bacteraemia/urosepsis in criticallyill patients with catheterassociated bacteruria, 1.3–4.8% (Laupland, 2002; Laupland, 2005; 
Clec‘h, 2007), and the risk of developing a urinary tract infection in patients with bacteruria, 24% (Saint, 2000). The resulting transitional 
probability was set to 5.42–20%. 
 
We assumed that all patients developing bacteraemia/urosepsis will have the same outcomes and relative risks as those developing sepsis. 

For details, please refer to the bloodstream infection outcome tree. 
 

Model input summary 

 

Table 1. Transition probabilities used in the outcome tree 
 

 Health outcome Distribution of health  Transition probability   Source/assumption 
 

 

(Health state) 

states in health       
 

  outcome       
 

         
 

 Secondary    5.4220%  Laupland, 2002; Laupland, 2005; Clec‘h , 
 

 bacteraemia/urosepsis      2007; Saint, 2000 
 

 Posttraumatic stress    1321%  Kessler, 1995; Deja, 2006; Schelling, 1998; 
 

 disorder (PTSD)      Stoll, 1999; Kapfhammer, 2004; Hopkins, 
 

 following severe      2005   
 

 sepsis or septic shock         
 

 Cognitive impairment    1147%  Hopkins, 2005; Iwashyna, 2010 
 

 following severe         
 

 sepsis or septic shock         
 

 Physical impairment    100%  Hopkins, 2005; Herridge, 2003; Hofhuis, 
 

 following severe      2008   
 

 sepsis or septic shock         
 

 Renal failure and    0.91.3%  Gallagher, 2014; Wisplinghoff, 2004 
 

 renal replacement         
 

 therapy following         
 

 severe sepsis or septic         
 



 shock         
 

 Deaths following    920%  Renaud, 2001; Olaechea, 2013 
 

 secondary         
 

 bacteraemia/urosepsis         
 

Table 2. Disability weights and duration      
 

 Health outcome  Disability Weight (DW) (Haagsma, 2015)   Duration 
 

 

(Health state) 
        

 

  

DW Label 
 

In years 
 

Source/assumption 
 

     
 

 Symptomatic disease  0.051 (0.0390.06) Infectious disease, acute 0.007  Chant, 2011 
 

     episode, moderate     
 

 Secondary  0.655 (0.5790.727) Intensive care unit 0.0270.036  Olaechea, 2013; Renaud, 
 

 bacteraemia/urosepsis    admission    2001 
  



Posttraumatic stress disorder 0.088 (0.070.108) Subacute sclerosing Remaining life  

(PTSD) following severe  panencephalitis – phase 1 expectancy  

sepsis or septic shock     
  (chosen according to best   

  fitting description)   

Cognitive impairment 0.043 (0.0260.064) Intellectual disability, mild Remaining life  
following severe sepsis or   expectancy  

septic shock     

Physical impairment following 0.0110.053 Range between Motor Remaining life  
severe sepsis or septic shock  impairment, mild and expectancy  

  Motor impairment,   

  moderate   

Renal failure and renal 0.4870.030 Range between Endstage Remaining life  
replacement therapy  renal disease, on dialysis expectancy  

following severe sepsis or  and Endstage renal   

septic shock  disease, with kidney   

  transplant   
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