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Background:  During  the  novel  coronavirus  disease  (COVID-19)  pandemic  it is  crucial  for  hospitals  to
implement  infection  prevention  strategies  to reduce  nosocomial  transmission  to  the  lowest  possible
number.  This  is  all the  more  important  because  molecular  tests  for  identifying  SARS-CoV-2  infected
patients  are  uncertain,  and  the  resources  available  for  them  are  limited.  In this  view,  a monocentric,
retrospective  study  with  an interventional  character  was  conducted  to investigate  the  extent  to  which
the  introduction  of a strict  hygiene  bundle  including  a general  mask  requirement  and  daily screening  for
suspicious  patients  has  an  impact  on  the  SARS-CoV-2  nosocomial  rate  in  the  pandemic  environment.
Methods:  All  inpatients  from  a maximum  care  hospital  in  Regensburg  (Bavaria)  between  March  1st  and
June  10th  2020  were included.  Patient  with  respiratory  symptoms  were  tested  for  SARS-CoV-2  at  admis-
sion,  patients  were  managed  according  to a standard  hygiene  protocol.  At the  end  of  March  a strict  hygiene
bundle  was introduced  including  a general  mask  obligation  and  a daily  clinical  screening  of inpatients
for  respiratory  symptoms.  Nosocomial  infection  rate for COVID-19  and  the  risk  for  infection  transmission
estimated  by  the  nosocomial  incidence  density  before  and after  introduction  the  hygiene  bundle  were
compared.  The  infection  pressure  for the hospital  during  the  entire  observational  period  was  character-
ized  by  the  infection  reports  in  the  region  in relation  to the number  of  hospitalized  COVID-19  patients
and  the  number  of  infected  employees.
Results:  In fact,  after  the  introduction  of  a strict  hygiene  bundle  including  a general  mouth  and  nose
protection  obligation  and  a daily  clinical  screening  of  suspicious  patients,  a significant  reduction  of the
nosocomial  rate  from  0.28  to 0.06 (p  =  0.026)  was  observed.  Furthermore,  the risk  of spreading  hospital-
acquired  infections  also  decreased  dramatically  from  0.0007  to  0.00018  (p =  0.031;  rate  ratio  after/before

0.25  (95%CI  0.06,  1.07)  despite  a slow  decrease  of the  hospital  COVID  19-prevalence  and  an  increase  of
infected employees.
Conclusion:  The  available  data  underline  that a strict  hygiene  bundle  seem  to  be associated  with  a  decrease
of  nosocomial  SARS-CoV-2  transmission  in the  pandemic  situation.

© 2020  The  Authors.  Published  by Elsevier  Ltd on behalf  of King  Saud  Bin  Abdulaziz  University  for
Health  Sciences.  This  is  an  open  access  article  under  the CC  BY-NC-ND  license  (http://creativecommons.
∗ Corresponding author at: Institut für Labormedizin, Mikrobiologie und Kranken-
haushygiene, Krankenhaus der Barmherzige Brüder, Prüfeningerstrasse 86, 93049
Regensburg, Germany.
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ackground

According to Johns Hopkins University, since its outbreak in
ovember 2019, approximately 30 million cases and more than
40.000 deaths have been recorded worldwide due to the novel

oronavirus SARS-CoV-2 [1]. Although most cases are mild or
symptomatic, the novel coronavirus disease (COVID-19) is likely
o pose a threat to certain segments of the population. For hospitals,
s an indispensable part of the critical infrastructure and health care
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system, it is crucial to implement infection prevention strategies to
reduce nosocomial transmission to the lowest possible number.

Although the infection pathway of SARS-CoV-2 is a droplet
or airborne transmissible infection [2,3], the protective effect of
surgical masks is unclear. However, the Robert Koch Institute rec-
ommends that face masks in health care facilities be worn by all
health care professionals [4]. Indeed, there is growing evidence on
the protective aspect of infection prevention by surgical masks for
hospital staffs [5], but data are sparce with regard on their effect
on the reduction of nosocomial infections. Therefore, the question
arises whether and to what extent surgical face masks worn by
medical staff can contribute to a reduced transmission of SARS-
CoV-2 in hospitals.

The present monocentric study with interventional character
investigated the effects of bundle measures for the prevention of
nosocomial COVID-19 infections and the risk of spread in the clin-
ical setting: an important part of the bundle was the introduction
of requirement for wearing mouth and nose protection for hospital
staff and inpatients. Furthermore, a daily triage on clinical symp-
toms was introduced to detect early infections with SARS-CoV-2.
The last described measure was chosen since molecular testing of
all patients was  not possible for a long time due to a lack of test
capacities.

Methods

Data collection and characterization of the infectious pressure for
the hospital within the pandemic situation

The available retrospectively acquired data were collected in the
period from March 1st to June 10th and originate from a maximum
care hospital with 905 beds, which provided in-patient care for
most of the COVID-19 patients within the Regensburg area (Bavaria,
Germany). All inpatients were included within the above period.
To better characterize the infection pressure during the course of
COVID-19 pandemic within the Regensburg region, daily statistics
of all identified COVID-19 cases from the area, hospital prevalence
of COVID-10 and infections of hospital employees were obtained.

Indication for reverse transcription polymerase chain reaction
(RT-PCR) testing/patients with suspicious symptoms/COVID-19

The indication for a SARS-CoV-2 test was given by the treating
physician based on a triage which included the following crite-
ria: respiratory symptoms, elevated body temperature >37.8 ◦C
(according to the official guidelines from the Public Health England
[6]), anamnestic data with respiratory symptoms/odour, taste and
smell disturbances within the last 7 days or contact with a COVID-
19 case. If one of the triage criteria was found to be abnormal, the
patient was classified as potentially infectious and separated in an
isolation area.

Patients with COVID-19 were characterized by age, gender and
comorbidities (diseases of heart/lung (chronic obstructive pul-
monary disease (COPD))/kidney/diabetes/tumor diseases) based on
the ICD10 coded diagnoses.

Sampling for RT-PCR was performed by naso-/oropharyngeal
swabbing recommended by official guidance of the WHO  [7], or
by oropharyngeal fluid specimen as recently published [8]. For RT-
PCR a modified protocol was used recently published by Corman
et al. [9].

Definition of nosocomial SARS-CoV-2 infections and risk of spread

of infections

A nosocomial infection with SARS-CoV-2 was defined for the
case of positive RT-PCR detection in hospitalized patients >6 days

a

u
a

186
Journal of Infection and Public Health 13 (2020) 1862–1867

fter hospitalization. According to data of the official German
ealth Care Services (Robert Koch Institute), the average incuba-

ion period for SARS-CoV-2 infections is 6 days. The nosocomial
ncidence density as a parameter of the risk of spread was calcu-
ated with the number of nosocomial infections per 1000 patient
ays.

tandard hygiene management for COVID-19

During the observation period COVID-19 patients or suspected
ases were placed in a separate isolation area. There, the patients
ere isolated in single room isolation or even cohorted. They were

ared for by physicians/nurses with area reference, who  were not
llowed to care for non-COVID patients. During medical or nursing
are on COVID-19 patients or suspected cases, the staff wore pro-
ective clothing, which included respirators (FFP2), safety goggles,
rotective gowns and gloves. Access to the hospital was restricted
ntil May  29th external visitors were not allowed.

nterventional bundle strategy including mask obligation and
linical screening for COVID-19 infections

After March 26th a strict surgical mask obligation was intro-
uced throughout the hospital for all employees in all areas.
his mask obligation included wearing of surgical masks (4 lay-
rs/splash proof) for medical staff at ward throughout the shift.
nless medical reasons presented a contraindication (e.g. res-
iratory insufficiency, cognitive disorders), patients were also

nstructed to wear masks especially when they wanted to leave
he patient room or when medical staff or visitors were in the
atient room. Due to non-systematic observations of the medical
taff, patient compliance was  good.

Furthermore, a daily clinical triage of all inpatients for suspi-
ious symptoms was  performed (respiratory symptoms, elevated
ody temperature >37.8 ◦C, odour, taste and smell disturbances)
Table 1).

tatistics

Preliminary analyses including p-values for possible differences
etween the two groups—before and after intervention—with
egard to age (t-test), gender (Fisher’s exact test), pre-existing
onditions (Fisher’s exact test) was carried out, and COVID-19
revalence/nosocomial rate (Fisher’s exact test) and nosocomial

ncidence density (Poisson’s exact test) were analyzed using SPSS,
ersion 26 software (SPSS, Chicago, USA) and R Version 4.0.0.

esults

esults of the clinical triage for suspicious symptoms and
onsecutive RT-PCR testing during the observational period

In the course of the clinical triage for COVID-19 suspicious
atients, n = 1025 of 6106 patients were classified as suspicious
197/1061 before intervention; 828/5045 after introduction of the
ygiene bundle). All suspicious patients were transferred to the

solation ward and tested for SARS-CoV-2; the testing rate was
8.5 (before intervention) and 16.4% after introduction of the
ygiene bundle. Of the RT-PCR tested patients at admission, 27
ere laboratory-confirmed for SARS-CoV-2 before intervention,
nd 86 after introducing the bundle measure (Table 2).
From the remaining 5081 patients which were classified as

nremarkable (864 before intervention/4217 during intervention),
 total of 10 were identified as nosocomial COVID-19. So, a total

3
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Table  1
Overview of infection prevention measures during the COVID-19 pandemic: at the end of March 2020, a strict hygiene bundle was introduced including a general mask
obligation and a daily clinical screening for suspicious respiratory symptoms.

Standard protocola Hygiene bundle

Triage of all patients at admission to hospital Yes Yes
Daily  triage of all patients for symptoms of respiratory
infections

No Yes

Care  of COVID-19 patients/and suspected cases in an isolation
area

Yes Yes

Cohorting of COVID-19 patients Yes No
Rapid  (molecular) testing for SARS-CoV-2 of patients with
respiratory symptoms

Yes Yes

Respirators (FFP2)/protective clothing for nurses and doctors
while caring for COVID 19 patients/suspected cases (direct
contact)

Yes Yes

Mandatory surgical masks for all employees No Yes
inpatients were advised to wear surgical masks No Yes
Restrictions on access to the hospital/ban on visiting patients Yes Yes

a Recommendations of the national health care services (KRINKO).

Table 2
Results of triage of patients on admission with regard to conspicuous respiratory symptoms and results of RT-PCR for SARS-CoV-2 before and after introducing a strict hygiene
bundle.

N Standard protocol Hygiene bundle

061 5045
97 (18.5) 828 (16.4)
7 (13.7) 86 (10.3)

Fig. 2. Overview of the hospital COVID-19 prevalence and the indices for nosoco-
mial infections: although the hospital prevalence (COVID-19/all inpatients) did not
significantly changed during the course (p = 0.107), the nosocomial rate (nosoco-
mial COVID-19/all COVID-19) and the nosocomial incidence density (nosocomial
COVID-19/1000 pd) decreased significantly after introduction of a strict hygiene
b
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All patients 1
Patients with conspicuous respiratory symptoms (%) 1
Laboratory confirmed SARS-CoV-2 at admission (%) 2

of 123 SARS-CoV-2 PCR confirmed patients were included in the
study (including the 10 nosocomial cases).

Characteristics of COVID-19

According to Table 3, COVID-19 patients showed a compara-
ble age and gender distribution both before and after introduction
of the hygiene bundle. Likewise, the distribution of comorbidities
(risk factors) such as heart, kidney and lung diseases, hyperten-
sion, diabetes, tumor diseases was high in both groups with 63 and
72% respectively, but not significantly different. Neither the rate of
pneumonia nor the rate of mechanical ventilation was significantly
different. The mortality before and during establishing the bundle
was comparable with 22% and 16%.

Infectious pressure for the hospital in the pandemic situation

Fig. 1A shows the daily statistics of COVID-19 inpatients over
time demonstrating a rapid increase of patients from mid  of March
which peaked at April 10th. The epidemic curve of all reported cases
of COVID-19 in the Regensburg area according to the date of labo-
ratory confirmation (red bars) have shown also a parallel and rapid
increase within the first two weeks of pandemic, followed by a
slow decrease until June. Peak numbers in May  show single out-
breaks in facilities for asylum seekers without consequences for
the hospitalization rate.

Nosocomial rate before and after introduction of a hygiene bundle
strategy

During the observational period a total of 10 nosocomial cases
were identified, 5 cases in March (before intervention), and 5 cases
in April (time course of nosocomial cases Fig. 1B). Before testing
positive, nosocomial cases were hospitalized for an average of 13.7

days (range 12–82 days), and 3/10 patients had a history of nega-
tive SARS-CoV-2 RT-PCR prior day 6 of hospitalization. Suspicious
symptoms at the daily triage were the indication for testing of
9/10 patients, one patient was tested positive before admission.

d
s
(
t

186
undle including a general mask obligation for hospital staff and inpatients and
aily screening of suspicious patients (p = 0.026* (Fisher’s exact test) and p = 0.031**
Poisson’s exact test), respectively).

hree of the nosocomial cases died from acute respiratory distress
yndrome (ARDS).

With regard to SARS-CoV-2 infected employees (total, n = 18), 5
ere found within March, and 13 by the end of April. Three employ-

es who  were tested positive on March 30th are likely to have been
nfected before March 26th (the date of introduction of the hygiene
undle). After that, no further infected employees were obvious.

After the introduction of a strict mask requirement on March
6th for all employees during the entire shift and the instruction to
ear masks on patients, the rate of nosocomial SARS-CoV-2 infec-

ions decreased by almost 80% from 0.28 (5/27 COVID-19) to 0.06
5/87) (p = 0.026) (Fig. 2). Consequently, the nosocomial incidence

ensity of SARS-CoV-2 as a parameter for the nosocomial risk of
pread decreased from 0.0007 to 0.00018 by more three fourth
p = 0.031, rate ratio 0.25 (after/before) (95% CI 0.06, 1.07)). The
otal prevalence of COVID 19 at the hospital (COVID 19 cases /
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Table  3
Anthropometric and clinical data of COVID 19 patients before and after introducing a strict hygiene bundle.

Characteristics Standard protocol Hygiene bundle P

Cases 27 86
gender n, (f / m) 10/17 37/52 0.82
age,  years (std) 66.7 (16.3) 62.02 (15.4) 0.19
hospital stay, days (std) 15.8 (16.0) 14.8 (11.8) 0.77
any  risk factor n (%) 17 (63) 64 (72) 0.34

-  heart diseases
- hypertension
- kidney diseases
- diabetes
- lung diseases
- cancer

Pneumonia n (%) 21 (78) 65 (73) 0.79
Mechanical ventilation n (%) 4 (15) 16 (18) 0.78
Letality  n (%) 6 (22) 14 (16) 0.56

d cou
e cour
cludin
e (blu

m
r
h
s

Fig. 1. A) Time course of the total daily number of COVID-19 inpatients (grey bars) an
in  the region Regensburg are based on the date of laboratory confirmation). B) Tim
patients (black bars) before and during the introduction of a strict hygiene bundle in
hygiene bundle was introduced at March 26th (blue horizontal) and lasted until Jun

100 patients) also decreased but not at a significant level (before
intervention 0.031, during intervention 0.018 (p = 0.107)).

Discussion
Various studies on the transmission risk of SARS-CoV-2 have
found high nosocomial rates with up to 15%, which suggested
the role of unidentified infectious patients/infectious medical staff

l
i
h
s

186
rse of the reported new infections in the region of Regensburg (red bars) (infections
se of SARS-CoV-2 infections in employees (red bars) and nosocomial infections in
g general obligation for hospital staff and inpatients to wear surgical masks (strict

e vertical)).

embers and the lack of protective clothing [10–12]. The reason for
apid transmission is a combination of insufficient protection and a
igh reproduction index Ro of 2–3, which results from the transmis-
ion path (droplet infection/airborne transmission) and a high viral

oad of infected persons [13–15]. The present data suggest that the
ntroduction of a hygiene bundle including a general obligation for
ospital staff and inpatients for wearing surgical mask and a daily
creening for suspicious patients is associated with a considerable

5
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reduction of the nosocomial rate for COVID 19 of almost 80%. In
addition, the risk of a nosocomial SARS-CoV-2 transmission is also
remarkable decreased. This is an interesting observation, especially
since the infection pressure remained high due to the pandemic
situation in the Regensburg area, which was characterized by an
increasing number of positively tested employees and a high rate
of COVID-19 inpatients during this observation period (Fig. 1A).

When evaluating hygiene measures to reduce nosocomial infec-
tions in seasonal (influenza) or pandemic (SARS-CoV-2) situations,
factors that characterize infection pressure should always be taken
into account: these may  include not only information on the preva-
lence and rate of nosocomial infections, but also the course of
infection in the population and the recording of infections among
medical staff. The latter one because healthcare workers are a link
between the outside world (population) and the inside of the hos-
pital and are often described in studies as triggers for transmission
of infections to patients [11,12,16].

The available data show that the increase in hospitalized COVID-
19 can be well placed in the context of the development of infection
rates in the Region. Furthermore, nosocomial COVID-19 cases
occurred particularly in the first half of the pandemic, as did the
number of infections among hospital staff. However, the introduc-
tion of a hygiene bundle including a mandatory mouth and nose
protection for medical staff and inpatients in the first third of the
pandemic was significantly associated with a decrease in the noso-
comial rate and the risk of nosocomial transmission of infection. In
contrast, the number of infected staff was not reduced after the
introduction of compulsory masks. In this context, it should be
noted that surgical masks are used primarily to protect the environ-
ment from the wearer, but most studies have investigated its effect
with regard to self-protection [17]. In a recently published meta-
analysis on preventive strategies for transmission of SARS-CoV-2,
a distance of one meter or more has been shown to be the most
effective measure, followed by the wearing of face masks [5]. With
regard to influenza, we have already shown that a strict mask pol-
icy for hospital employees leads to a 50% reduction in nosocomial
infections [18] as it is also hypothesed for the present study on
SARS-CoV-2. However, there are contradictory experimental and
clinical studies on the functionality of surgical masks with regard to
their preventive effect: in the study by Tang et al. [19], it could basi-
cally be shown that wearing surgical masks significantly reduced an
aerosol cloud in the sagittal direction; theoretical and experimen-
tal considerations suggest that surgical masks filter both large and
medium droplet sizes and can therefore reduce aerosol SARS-CoV-2
transmission [20]; indeed, in animal studies a reduction of SARS-
CoV-2 infection transmission by wearing surgical masks could be
demonstrated [21]. In contrast, in the study by Baer et al. [22],
wearing surgical masks did not significantly reduce the number
of infectious SARS-CoV-2 viruses during coughing. The study situ-
ation shows that there are contradictory data on the actual efficacy
of masks, and that ultimately randomized, controlled studies are
almost completely lacking.

If one focuses on the procedure at admission for patients and the
monitoring of inpatients with suspicious symptoms in the available
data, it is evident that only few RT-PCR tests had to be performed
in the overall process. The focus was always on strict hygiene man-
agement and clinical monitoring: tests were only performed if the
patient was conspicuous in triage. Nevertheless, only few nosoco-
mial transmissions were counted. In general, the use of PCR testing
for screening purposes might be a possible measure particular to
identify asymptomatic infections [23,24]. Nevertheless, it must be
borne in mind that its use for admission screening involves a con-

siderable consumption of resources and it becomes more effective
and with a higher incidence of SARS-CoV-2 in a population [25,26].
Therefore, the combination of thorough clinical screening, RT-PCR
testing and consistent use of basic hygiene measures as shown in
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he present study can effectively reduce rates of nosocomial SARS-
oV-2 transmission.

With regard to the presented clinical data of COVID-19, there
as no significant difference between patients admitted before

nd during the intervention. Overall, a high proportion of patients
howed risk factors, and a ventilation frequency between 15 and
8% was  found with a total mortality rate of 13 and 16%. In a study
n German COVID-19 patients (n = 100) with comparable gender
nd age distribution, all of the patients (100%) had at least one risk
actor for severe COVID-19, whereby a broader spectrum of risk
actors was  evaluated (adipositas, nicotine abuse, hepatitis, liver
ailure, cerebral arterial occlusive disease) [27]. The mortality rate
n this study was 14%, only slightly lower than in our collective.

It should be noted that there are some limitations of the present
tudy. One is that the present data are from a monocentric study
ith a relatively small number of COVID-19, which raises statistical
roblems (bias) and cannot necessarily be considered representa-
ive. In addition, there is a before-and-after observational design
nd a retrospective data evaluation; a randomized controlled trial
ould certainly have been more meaningful. Due  to the triage

ased on clinical symptoms, asymptomatic infections remain unde-
ected; these are definitely not considered in the present study. On
he other hand, in the collected data there are no hints on major in-
ospital outbreaks or severe nosocomial cases during the observed
eriod. Furthermore, since no internationally accepted definition
f nosocomial cases exists, our definition of nosocomial cases is an
nternal one, and does not include previous test results. However,
ue to the long hospitalization period of our nosocomial cases of
3.7 days a mentioned above (Results, chapter 3.4), a nosocomial

nfection is very likely.

onclusion

The present study is one of the few that combines SARS-CoV-2
nfection data from the population with data from a supplying hos-
ital. Some data are only descriptive, but nevertheless interesting
nd transferable to the course of the pandemic and the pressure
f infection. Despite some uncertainties, we  believe that a hygiene
undle including a general mouth and nose protection policy for
ospital employees and inpatients is highly suitable for the pre-
entiozn of nosocomial SARS-CoV-2 transmission.
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