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decreasing from the last survey in 2011 
[4]. Contrary to this trend, infection 
rates are currently on the rise again, 
which is also due to the change in pa-
tient clientele (predominantly older pa-
tients, some with pre-existing condi-
tions) [5, 6].

Since complete prevention of all 
HAIs cannot be achieved, the funda-
mental question arises as to what pro-
portion can realistically be reduced. 
This question was addressed by two 
systematic reviews, which suggest that 
10 – 70% [7] and 35 – 55% [8] could be 
avoidable. However, it is also clear that 
there are countless influencing factors 
that can be changed by medical inno-
vations and have varying degrees of re-
duction potentials [8].

  Factors influencing healthcare-as-
sociated infections
In this review, the factors influencing 
HAIs are divided into three major sub-
ject areas: 1) processes and systems in 
the clinic, 2) staff and 3) patients. Cur-
rent publications and reviews of the last 
ten years with an application-orient-
ed and practice-related focus serve as 
background. 

1. Processes and systems in the
clinic – Infrastructure and logistics
Standard precautions
Elements of standard precautions in the 
clinic include hand hygiene, surface hy-
giene, personal protective equipment 
(PPE), reprocessing of medical devices, 
waste disposal, handling of linen and 
dishes, education of patients and vis-
itors, and the type of accommodation 
[9]. The first four aspects of standard 
precautions are examined in more de-
tail below.

Hand hygiene

Hand hygiene has been considered the 
most important element of infection 
prevention at least since 2000, when 
Pittet et al. published their study on low 
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Summary
Preventing healthcare-associated infec-
tions (HAIs) is a global goal of growing 
importance, promoting national and in-
ternational discussions, and generating 
numerous awareness campaigns. Like-
wise, the number of scientific studies 
investigating a reduction of HAIs by 
introducing certain intervention meas-
ures is growing.
This review provides a comprehensive 
overview of important factors influ-
encing HAIs with a focus on German 
guidelines and legislation. The aim is to 
illustrate the complexity and diversity 
of the individual factors and thus make 
clear that measures to reduce HAIs 
must be equally diverse. Toolboxes with 
useful aids for practice are intended to 
support this. 

  Healthcare-associated infections 
worldwide and in Germany
Healthcare-associated infections (HAIs) 
are a worldwide problem in health care 
facilities and occur equally in devel-
oped and less developed countries [1]. 
Exact data on a global scale do not ex-
ist, but the World Health Organisation 
(WHO) estimates that hundreds of mil-
lions of patients are affected every year 
and that the burden of disease is high-
est in low- and middle-income countries 
[1]. More precise estimates of the rate 
of HAIs have been published for Europe 
as well as Germany (see figure 1) [2, 
3]. In a point prevalence survey carried 
out in 2016 – 2017, the prevalence of pa-
tients with at least one HAI in countries 
of the European Union (EU) or the Eu-
ropean Economic Area (EEA) was 6.5% 
overall (country range: 2.9 – 10.0%) [2] 
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[27]. The legal basis in Germany is the 
Regulation on Medical Devices Oper-
ators (Medizinprodukte Betreiberver-
ordnung), the Medical Device Regula-
tion (Medizinprodukteverordnung) and 
the Medical Devices Law Implementa-
tion Act (Medizinprodukterecht-Durch-
führungsgesetz) [28–30]. While clean-
ing and disinfection for reprocessing is 
sufficient for non-critical medical devic-
es, additional sterilisation may be nec-
essary for semi-critical ones. Critical 
medical devices are always subjected to 
both procedures [27]. In 2014, the term 
central sterile supply department (Zen-
trale Sterilgutversorgungsabteilung, 
ZSVA) was replaced by the term repro-
cessing unit for medical devices (Auf-
bereitungseinheit für Medizinprodukte, 
AEMP) [31], as medical devices are not 
only reprocessed in hospitals and the 
term AEMP is more comprehensive.   

Hand disinfectant dispenser
The provision of dispensers for hand 
disinfectant plays an essential role in 
compliance with HH. The minimum 
requirements for Germany are de-
scribed in the KRINKO recommenda-
tions and the German Society for Hos-
pital Hygiene (Deutsche Gesellschaft 
für Krankenhaushygiene, DGKH) also 
provides recommendations [12, 32]. 
According to these, those involved in 
patient care should not have to trav-
el additional distances when following 
the indications for hand disinfection.  

uations [21]. Recommendations from 
the KRINKO on cleaning and disinfec-
tion in the healthcare sector are also 
available for Germany [22], as well as 
the DIN standard on hospital cleaning 
[23], which was published in Septem-
ber 2021 and contains a comprehensive 
catalogue of measures.

Personal protective equipment

PPE is a measure to protect employ-
ees from contamination with pathogens 
and depends on the type of pathogen 
and the route of transmission. Various 
studies imply that the risk of self-con-
tamination can be significant, especial-
ly when doffing PPE, at 13 – 79% [24–
26]. 

The data on self-contamination sug-
gest that there is a great need for edu-
cation on the correct use of PPE. Institu-
tions such as the German Robert Koch 
Institute (RKI) or the German national 
clean hands campaign (Aktion Saubere 
Hände, ASH) provide instructions on 
how to put on and take off PPE safely.

Reprocessing of medical devices

In order to exclude medical devices as a 
source of contamination for HAIs, they 
must be properly reprocessed before 
being used on patients. The require-
ments are based, among other things, 
on their classification as non-critical 
(e.g. ECG electrodes), semi-critical (e.g. 
speculum) and critical medical devices 
(e.g. retractors) and are explained in 
the current KRINKO recommendations 

initial hand hygiene compliance among 
health care workers in a Swiss teaching 
hospital [10]. 

Current guidelines of the WHO on 
hand hygiene in health care [11] and, 
at the national level in Germany, of the 
Commission on Hospital Hygiene and 
Infection Prevention (Kommission für 
Krankenhaushygiene und Infektion-
sprävention, KRINKO) [12], take into 
account the findings of the past decades 
and provide detailed recommendations.

The fact that the targeted improve-
ment of hand hygiene compliance 
(HHC) can reduce the rate of HAIs has 
been demonstrated in different coun-
tries and for different wards, and is 
true even with initially high compli-
ance (> 80%) [13–15]. While Grayson 
et al. reported that 10% HHC improve-
ment reduced HAIs by 15% [13], in Pes-
soa-Silva et al. a 13% HHC increase re-
duced HAIs by about a quarter [14]. 
Sickbert-Bennett et al. observed a 6% 
decrease in HAIs with a 10% HHC im-
provement [15].

Surface hygiene

Surface hygiene also plays an important 
role in infection prevention. After being 
underestimated for a long time, several 
publications in recent years have prov-
en its importance and described surfac-
es as a possible reservoir for hospital 
pathogens [16–18]. For example, a me-
ta-analysis with over 80,000 patients 
demonstrated that the possibility of in-
fection not only exists with colonised/
infected room neighbours, but can also 
occur indirectly through previous room 
occupancy [19]. The multicentre, ran-
domised REACH study showed that the 
implementation of a multimodal in-
tervention package for improved sur-
face cleaning (consisting of optimised 
product use, cleaning technique, staff 
training, feedback and communication) 
significantly reduced the infection rate 
with vancomycin-resistant enterococci 
by one third when the proportion of 
cleaned high-touch surfaces increased 
by 20% [20]. The fact that the effects in 
this study were not significant for other 
pathogens examined could have been 
due to other transmission routes and a 
lower initial pathogen incidence.

A recently published review pro-
vides practical recommendations for 
routine cleaning and disinfection on 
general wards as well as for clinical-
ly relevant pathogens and outbreak sit- Figure 1: Overview of the most common HAIs in Germany.
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events is inconsistently regulated in the 
regulations of the federal states. Richter 
et al. showed that an early and contin-
uous focus on hygiene already during 
medical studies helps to facilitate in-
fection prevention in the daily clinical 
work of future medical staff and thus 
to increase patient safety [57]. Various 
training tools for improving HHC are 
provided by the WHO, for example [11]. 
This basis also proved useful in several 
countries for further development into 
a train-the-trainer course – consisting 
of lectures, simulation-based training 
and experiential activities – to extend 
the reach of hand hygiene training [58].

Premises
The premises of a clinic – especially 
the patient rooms and their wet rooms 
– also have an impact on the work of 
healthcare workers [59] and thus on 
infection prevention. Since wastewa-
ter-carrying systems such as washba-
sins, siphons, shower drains and toilets 
can be a reservoir of pathogens [60], 
the KRINKO also recommends taking 
infection prevention aspects into ac-
count in the future construction and 
renovation of patient rooms [61].

In addition, room climate and air 
exchange or air-conditioning systems 
have a significant influence on the 
spread of germs [62], as has also been 
shown with airborne pathogens such as 
SARS-CoV-2 [63]. To minimise this risk, 
regular maintenance should be carried 
out and the use of HEPA filters should 
be considered [64, 65]. 

Several reviews pointed out that 
outbreaks with pathogens such as Pseu-
domonas aeruginosa, Legionella and My-
cobacterium chimaera were associat-
ed with water reservoirs and spread, 
for example, through electronic taps, 
heater-coolers [60] and water-carrying 
medical equipment (e.g. haemodialysis 
machines) [66].

Equipment
Finally, the general equipment of a clin-
ic also influences the possibilities for 
infection prevention and thus the rate 
of HAIs. For example, a systematic re-
view with a European focus identified 
key components for infection preven-
tion that could be equally important – 
including the availability and easy ac-
cessibility of materials and equipment 
as well as their optimal ergonomics 
[67]. This is not self-evident in view 

the special hygiene programme creat-
ed in 2011, which offers hospitals fund-
ing opportunities to implement the now 
binding requirements in terms of per-
sonnel and organisation [42]. 

Comprehensive hygiene manage-
ment also includes surveillance of infec-
tious diseases and pathogens, especially 
antibiotic-resistant ones. This includes 
programmes to prevent resistance (an-
timicrobial stewardship), which are usu-
ally more cost-effective than prolonged 
hospital stays due to resistant pathogens 
[43]. 

Data collection
In many countries, surveillance of HAIs 
is obligatory and can be carried out on 
a patient-related, ward-related or facil-
ity-related basis, as described by the 
KRINKO in Germany, for example [44]. 
Here, appropriately trained clinics can 
use the Hospital Infection Surveillance 
System (Krankenhaus-Infektions-Sur-
veillance-System, KISS) of the Nation-
al Reference Centre (Nationales Refe-
renzzentrum, NRZ) (www.nrz-hygiene.
de/surveillance/kiss/), which offers 
the advantage of being able to compare 
with national reference data [44]. Com-
parable surveillance also exists in other 
countries, for example in Switzerland 
through the Swiss National Center for 
Infection Control (Swissnoso) [45]. Sur-
veillance requires precise identification 
of the pathogens. Molecular diagnostic 
methods enable prompt detection and 
efficient infection control and can be 
carried out internally or externally, de-
pending on the requirements of the hos-
pital [46–49]. It is important that the 
result is available quickly, is unambig-
uous and is forwarded directly to the 
relevant interfaces [50].

Even if not fully developed at the 
moment, automated surveillance sys-
tems may become established in the fu-
ture – not only for HAI surveillance [51, 
52], but also for monitoring and im-
proving HHC [53–56].

Training
In principle, regular training events 
on hygiene and infection prevention 
are obligatory for hygiene staff, which 
are usually conducted and document-
ed by state-certified hygiene specialists 
[38]. However, which other employees 
of various health care facilities must 
(mandatory) or can (voluntary) partici-
pate in regular hygiene-related training 

As minimum equipment in patient 
rooms, the KRINKO currently recom-
mends providing one dispenser per pa-
tient bed (intensive care and dialysis 
wards) or one dispenser for two patient 
beds plus one in the sanitary cell (nor-
mal wards) [12]. Basically, the spatial 
conditions determine whether fixed or 
mobile dispensers are used [12], where-
by pocket bottles should be avoided as 
far as possible [32].

A recent survey-based study of 178 
Swiss acute care hospitals showed a 
number of four times more dispensers 
per bed in the entire hospital than rec-
ommended in the current guidelines 
[33]. However, not only visibility and 
good accessibility of dispensers play a 
role in high HHC at the point-of-care 
[34, 35], but also details such as dis-
penser design (manual vs. touchless) 
[36].

Hygiene management
The heads of German hospitals are 
obliged by the Infection Protection Act 
to prevent transmissible diseases in hu-
mans, to detect infections at an ear-
ly stage and to prevent their further 
spread [37]. The hygiene management 
of the hospitals is implemented by a 
hygiene commission (hospital hygien-
ists, hygiene specialists, link nurses, 
etc.) [38], which can result in challeng-
es in interface management, e.g., be-
tween administration and medical de-
partments [39]. The hygiene commis-
sion draws up a binding hygiene plan, 
which, among other things, lays down 
rules for hospital cleaning. A study in 
German hospitals showed that there is 
still considerable potential for improve-
ment in process standardisation and 
interdepartmental coordination and 
communication (e.g. with the cleaning 
service) [40]. Optimised standardised 
processes (SOPs) can create added val-
ue for treatment quality by mapping hy-
giene-relevant aspects from the hygiene 
plan. For better embedding, it is advis-
able to include the SOPs as applicable 
documents in the quality management 
system.

Recommendations on the person-
nel and organisational requirements as 
well as on the scope of capacity of hy-
giene management are provided by the 
KRINKO [38, 41]. Further requirements 
are regulated in the ordinances of the 
federal states. The importance of hy-
giene management is also reflected in 
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terms of communication and organi-
sation [78]. Studies from England and 
the USA found strong evidence that 
outsourcing of the cleaning team is as-
sociated with an increased incidence 
of HAIs due to Clostridioides difficile and 
methicillin-resistant Staphylococcus au-
reus (MRSA) [78, 79]. A 2015 analysis 
of the German hospital landscape also 
found that cleaning had deteriorated 
in the past and – especially in high-risk 
areas – permanent staff should be de-
ployed at lower area rates to improve 
the situation [80].

Communication and language barriers 
In order to establish and maintain a 
functioning risk or hygiene manage-
ment system, good interdisciplinary 
communication is essential, uniting 
different disciplines and hierarchies 
through open and respectful interac-
tion [81–83]. This can only be achieved 
in an organisation where leaders drive 
such a culture and empower employees 
at all levels of the organisation. This in-
cludes bringing all employees up to the 
same level of knowledge on important 

In order to avoid staff shortages in the 
future, the field of nursing should be 
made more attractive to young profes-
sionals through competitive salaries, in 
addition to a rethinking of policy [75]. 
Since January 2020, the new Nursing 
Professions Act has for the first-time de-
fined activities specifically reserved for 
nursing professionals, such as the de-
termination of nursing needs or the or-
ganisation and design of the nursing 
process. In this way, the nursing pro-
fession is to be given a higher status. In 
addition, the newly introduced nursing 
degree enables a closer link between 
science and practice and thus offers 
further career opportunities for nursing 
professionals [76, 77]. 

Outsourcing
Outsourcing is widespread in Germa-
ny’s hospitals, especially in hospital 
cleaning. However, hospitals not only 
save costs and gain flexibility, but also 
partly give up control over this area. 
Thus, outsourced cleaning services 
are often understaffed and cleaners 
are more often overworked, receive 
less training and are less integrated in 

of the economisation of health care. In 
addition, quality assurance in Germa-
ny is largely externally controlled and 
has remained unchanged for years (e.g., 
focus on operations or minimally in-
vasive procedures). This limits the dy-
namics of internal quality assurance 
and thus an expansion to new indica-
tors (e.g., readmissions, quality of inter-
faces) [68]. In addition, factors such as 
hospital size, university status, urban 
connection and degree of specialisation 
favour the acquisition of additional fi-
nancial resources, which make upmar-
ket technical equipment possible in the 
first place [69].

The possibilities for infection pre-
vention are also likely to be influenced 
by the (cost-related) decision for or 
against an own AEMP [27, 31]. 

2. Personnel
Qualification 
In order to internalise the principle of 
infection prevention and apply it in 
everyday clinical practice, employees 
must be taught hygiene-relevant knowl-
edge during their training. To this end, 
the DGKH already compiled a recom-
mendation in 2017 on minimum re-
quirements for imparting knowledge 
of infection prevention and hospital hy-
giene and calls for the mandatory inte-
gration of these topics in all theoreti-
cal and practical training [70]. Similar 
calls to improve infection prevention 
knowledge are also coming from the 
USA [71]. An increased focus on hy-
giene and infection prevention not only 
benefits nurses, but also medical stu-
dents, who benefit from early and con-
tinuous training and can better apply 
the knowledge in practice later [57].

However, better hygiene and in-
fection control in hospitals require 
sufficient and well-trained staff. This 
is countered by staff cuts in Germany 
[72]. If hygiene standards such as hand 
disinfection cannot always be met due 
to lack of time, the risk of HAIs increas-
es [72]. Commercial and clinical risk 
management have a number of over-
laps and should be considered holisti-
cally, as HAIs caused by poor hygiene 
also have a negative economic impact 
[40]. International observational stud-
ies confirm that staff reductions in the 
nursing sector and insufficient training 
have a negative impact on patient out-
comes such as mortality [73, 74].

Figure 2: Toolbox 1. Practical recommendations for the area of „processes and 
systems in the clinic“.
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organisational topics – e.g. by means of 
information and communication tech-
nology [84]. Especially with regard to 
HAIs, interdisciplinary communication 
plays an essential role [85]. Information 
on infection status, treatment and spe-
cial hygiene measures should be com-
municated clearly and comprehensibly 
to all interfaces involved. This includes 
physicians, nursing staff, physiothera-
pists, service staff and cleaning man-
agement. Language barriers make com-
munication difficult not only with less 
qualified staff such as cleaners, but also 
with medical staff and patients [83, 86, 
87], so multilingual information should 
be considered. 

Special attention should be paid to 
communication with patients. An open 
and continuous exchange of information 
based on patient-centred forms of com-
munication, encouraging the participa-
tion of patients and their families and 
involving patients as partners is benefi-
cial [88]. 

3. Patients
Pre-existing conditions 
HAIs can be acquired by both exoge-
nous (pathogens from the environ-
ment) and endogenous pathogens (flora 
of the patient). In contrast to the past, 
endogenous infections now account for 
2/3 of total HAIs [89]. In principle, pa-
tients have different baseline risks for 
HAIs due to individual factors such as 
pre-existing conditions, premedication, 
and age. Nevertheless, even endoge-
nous HAIs are often caused by poor hy-
giene, e.g., by spreading germs from a 
contaminated to a clean body site [90]. 
It must be emphasised that immunosup-
pression or the use of certain medica-
tions favour colonisation, but are not a 
prerequisite for it, and colonisation can 
also occur independently [90]. 

Complete avoidance of all HAIs will 
not be achieved simply because of the 
multitude of factors affecting the pa-
tient, so the goal should be a reduction 
[7, 8].

Type and duration of the treatment 
In general, invasive treatments are as-
sociated with a significantly higher risk 
than non-invasive treatments [7, 8]. 
Catheter-associated HAIs have been 
well described and can be reduced par-
ticularly effectively through optimised 
processes, daily indication reviews and 
stricter hygiene rules [7, 8]. In addition, 

Figure 3: Toolbox 2. Practical recommendations for the area of „staff”.

Figure 4: Toolbox 3. Practical recommendations for the area of „patients”.
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the length of stay also has an impact on 
the risk of HAIs. Studies show that this 
increases with the length of the hos-
pital stay [91–93]. This also applies to  
COVID-19 patients, who often stay in 
hospital for a long time and are depend-
ent on invasive measures [91]. 

Patient Empowerment
Last but not least, patients themselves 
influence the risk of HAIs through their 
behaviour. While staff in Germany are 
naturally bound by hygiene regulations 
and guidelines, patients could be more 
actively involved [40]. According to the 
patient empowerment propagated by 
the WHO, they should be supported by 
target group-oriented information to 
understand their own role and the im-
portance of their actions, e.g., regard-
ing compliance with hygiene or taking 
medication [11]. An important concept 
in this context is health literacy, the 
ability to find, evaluate and finally use 
health information for decision-mak-
ing. A study by the Robert Koch Insti-
tute (RKI) showed that the general lev-
el of information on health aspects of 
patients was better compared to 2009, 
but that there is still room for improve-
ment [94]. An important factor for this 
is also the empowerment of staff to ac-
tively involve patients and strengthen 
their role [95, 96]. 

  Conclusions 
This review article sheds light on the 
complex field of HAIs and illustrates 
the numerous influencing variables that 
can have a direct or indirect impact on 
the rate of HAIs (Figure 5). The chal-
lenge for clinics is now to orient them-
selves in this multi-layered field and 
to derive concrete practical measures 
from it. Especially in the areas of “pro-
cesses and systems in the clinic” as well 
as “personnel”, there is much scope for 
change. On the other hand, it is also 
clear that improvements in the area of 
“patients” are essentially limited to em-
powerment, since other patient factors 
such as age and previous illnesses are 
given and the type and duration of the 
treatment depend on the illness. Due 
to the large number of influencing fac-
tors, each of which is only briefly ex-
plained here, it becomes clear that the 
reduction of HAIs cannot be achieved 
by individual measures, but that a com-
plex interaction of several, multimodal 
measures is necessary to prevent infec-

Figure 5: Overview of direct and indirect factors influencing healthcare-asso-
ciated infections. PPE, personal protective equipment; SOP, standard operating 
procedure.

tions. It is important that the individual 
components are considered holistically 
and that interfaces are formed. 

There will always be new chal-
lenges for hospitals in the future. The 
“green hospital” with a view to more 
sustainable care is one of the topics that 
is already occupying many and that will 
also have a major influence on hygiene. 
Furthermore, we are developing more 
and more into a knowledge society due 
to new technologies and the data avail-
able. But also, demographic develop-
ments as well as changes in legislation 
(e.g., financial drivers) will play a deci-
sive role. 
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