S1 Appendix. Inferring and defining the “infectious-contact time” based on patient-based data. Here, we aim at computing the total amount of time in which a patient  can be responsible for the infection of a patient  and introduce two tunable parameters which let us control the influence of the hospital structure as well as the cleaning procedures more accurately. Details regarding parameters and assumptions are described in this appendix.
[bookmark: _GoBack]In this study, possible patient-to-patient transmission pathways are inferred from patient movement data. In recent studies face-to-face contacts between patients, between staff, and between patients and staff with were recorded with a high temporal resolution using radio frequency ID chips to find transmission pathways for the spread of diseases like influenza [1, 2]. However, most hospitals do not provide monitoring on such a detailed scale. Furthermore, such data ignores transmission paths where surfaces in hospital rooms act as vectors. It is known that VRE are constantly shed by colonized people and easily survive on surfaces in hospital rooms on a timescale of months, allegedly making the room of a patient a strong vector for transmission to other patients. Such important scenarios are typically ignored when only analyzing person-to-person contacts. There is further evidence that cleaning personnel act as a vector to transmit VRE colonies between rooms and that health care staff acts as vectors to transmit VRE between patients; it has been shown that the application of improved cleaning methods therefore reduces the number of spread. Modern hospitals typically collect data on patient movements but do not collect the movements of any hospital staff. Therefore, pathways have to be inferred implicitly by considering that colonies may spread between rooms due to the action of hospital personnel. To this end, a bipartite perspective will be chosen here, where both patients and hospital rooms can be colonized by strains, with unrecorded staff movements acting as an implicit distribution system. A similar approach has been chosen in a recent study investigating an outbreak in a hospital in Southern Germany where contacts between patients have been inferred by considering their movement data, potential spreading between rooms, and the influence of infections acquired from surfaces long after an infected patient left a room. Here, we aim at computing the total amount of time in which a patient  can be responsible for the infection of a patient  and introduce two tunable parameters which let us control the influence of the hospital structure as well as the cleaning procedures more accurately. The inference method is based on a few key ingredients.

Patients are located in rooms. When patients are colonized by a VRE strain, they can be responsible for the colonization of other patients later on. As there exists no information about direct person-to-person contacts, infections have to be modeled as being transmitted via rooms, i.e. a room will be regarded as infectious as soon as it hosts an infected patient. We denote rooms with lower case Greek letters  and patients with lower case latin letters . A function  returns the room the patient  is in at time .
It is assumed that a hospital room acts as a vector to transmit a strain between patients. Less clear is the influence of the overall hospital organization. Hospitals are usually organized in a hierarchical manner: A hospital may be divided into several buildings, which host several wards, which are again divided in rooms, defining a hierarchical tree of structural organization. In order to control the influence of this organization on VRE spreading between rooms, we define two rooms to be of a certain "distance"  given by their position in this hierarchical tree. The distance between a single room  and itself is . The distance between two rooms  and  in the same ward is , the distance between two rooms which are not in the same ward but in the same building is  and so on. Footnote: Mathematically speaking, the distance of two rooms is given by the minimum number of steps necessary to reach their lowest common ancestor in the hierarchical tree. Transmissions between rooms are implicitly assumed by introducing a distance-dependent strain flux between a patient staying in room  and a patient in room . This flux is defined as . Here, we use the parameter  to control the influence of the hospital structure on possible infectious contact-time. The potential flux from a patient to another patient is proportional to  if they stayed in the same room,  if they stayed in the same ward but not in the same room and so forth. Footnote: Using this form of influence exponentially decaying with distance is an established way to ensure that the total flux between an exponentially growing number of partners with distance  is of similar order [3, 4]. Using this flux,  corresponds to a situation where patient  can only be responsible for a colonization of patient  if they stayed in the same room and  corresponds to a situation where the hospital structure does not matter at all: Every room can be responsible for a colonization in every other room. This would, for instance, describe a real-world situation in which cleaning and health care staff quickly traverse between any part of the hospital and thus rapidly spread colonies to every room. Varying the value of  will be used to identify how strongly the influence of mixing has to be assumed in order to establish possible infection pathways between patients colonized with similar strains. In the recently published study about an outbreak in Southern Germany a similar approach was taken where the flux of strains between patients in rooms of the same ward was set to be a third as strong as the flux of strains between patients in the same room, which would correspond to  here10. In contrast to this study, flux between rooms of greater hierarchical distance is still possible in our method.
Patients can be either colonized or susceptible for a colonization, quantified by the infection function . A value of  means that patient  is colonized with a strain and potentially infectious to other patients. It also implies that they cannot be infected with a different strain anymore such that their susceptibility status is . In contrast,  implies that the patient is not infected and susceptible for colonization. In general,  if the patient is currently in the hospital and  if they are not. For each patient we know the date of their positive VRE test. Since the test type was rectal swaps, a colonization may take up to two days to be detectable, we assume if . Furthermore, patients were tested on a weekly basis, there is strong reason to believe that the infection must have been acquired between  and . We model this by assuming that the infection status increases linearly over time from  at  to  at  where is the hospital admission time of patient . The weekly test also implies that this time interval is the only time interval which has to be considered for patient  to have acquired a strain.
A room  is considered to be infectious with the strain of patient   as soon as patient  is in the room. The room infection status with respect to patient  is denoted by the function . When patient  is in room  at time , then . Once a room has been infected, it can be considered to carry the strain of patient  for a longer time, even if the patient is not in the room anymore. Cleaning rooms decreases the chance of colonies surviving on surfaces and therefore decreases the probability that a patient is responsible for the colonization of another patient when this patient has already left the room12. We assume a maximum time  after which a patient cannot be responsible for the colonization of another patient. To this end, we assume that a room’s infection status of strain  decreases linearly in time from  at  to  at . 

Based on the considerations above, we define a time-dependent infection influence of patient  on patient  as

This time-dependent infection influence may lead to a total number of infectious contact time in days given by

In this modeling approach, we can control the influence of the hospital structure using parameter  and the influence of cleaning using parameter .
The next step is to choose  and  which are best suitable for the hospital. 
We set , implying a strong impact of rooms and less impact of wards and higher hierarchy groups on the flux. This value reflects the experience that patients get colonized by VRE during their stay with colonized patients in a room. Furthermore, there is evidence that colonized pre-occupants lead to a colonization of subsequent patients.
The maximum amount of time, , a patient may still be responsible for the infection of another is influenced by hygienic protocols of the hospital. Byers et al. claimed that an average of 2.8 disinfections is necessary to eradicate VRE from a hospital room. The observed hospital wards have a daily cleaning routine which is why we set  to three days.
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