Research Article

Infection control, prophylactic antibiotics, and testing for
SARS-CoV-2 and PPE on German intensive care units:
results from a national mixed methods survey

Infektionskontrolle, Antibiotikaprophylaxe, SARS-CoV-2 Testungen und
Nutzung von personlicher Schutzausrustung auf deutschen
Intensivstationen: Ergebnisse einer nationalen Umfrage

Abstract

Aim: Recommendations on hygiene measures, personal protective
equipment (PPE), isolation, and antibiotic prophylaxis were developed
during the coronavirus 2019 disease (COVID-19) pandemic and have
been revised several times to date. Some of the underlying literature
indicates a large evidence gap. We suspect that this leads to a large
variance of measures on German intensive care units (ICU).

Methods: A mixed methods online survey among intensive-care special-
ists in Germany caring for COVID-19 patients was conducted in
December 2020.

Results: We received responses from 205 German ICUs that had treated
COVID-19 patients to date. There was wide variation in the use of PPE.
Polymerase Chain reaction (PCR) testing for severe acute respiratory
syndrome coronavirus type 2 (SARS-CoV-2) was used by 94.8% of the
units, with an average waiting time of 12 hours for the result. 18.7% of
the respondents prescribed antibiotic prophylaxis in COVID-19 patients.
Conclusion: We found a high variance in essential care strategies for
COVID-19 patients on German intensive care units. This included differ-
ences in infection prophylaxis, personal protective equipment, and the
indication of prophylactic antibiotic therapy. Based on our results, we
recommend further studies to quantify and improve guideline adherence.

Keywords: COVID-19, PPE, prophylactic antibiotics, variants of concern,
cohort isolation

Zusammenfassung

Zielsetzung: Empfehlungen zu HygienemafRnahmen, personlicher
Schutzausristung (PSA), Isolierung und Antibiotikaprophylaxe wurden
wahrend der COVID-19 Pandemie entwickelt und bis heute mehrfach
Uberarbeitet. Ein Teil der zugrundeliegenden Literatur weist eine grofle
Evidenzlicke auf. Wir vermuten, dass dies zu einer groRen Varianz der
MafRnahmen auf deutschen Intensivstationen fiihrt.

Methoden: Mixed-methods-Onlineumfrage unter leitenden Intensivme-
dizinern in Deutschland, die COVID-19-Patienten betreuen, durchgefuhrt
im Dezember 2020.

Ergebnisse: Wir erhielten Antworten von 205 deutschen Intensivstatio-
nen, die bis zu diesem Zeitpunkt COVID-19-Patienten behandelt hatten.
Es gab eine grofie Variation in der Verwendung von PSA. Die Polymerase-
Kettenreaktion (PCR) zum Nachweis von SARS-CoV-2 wurde von 94,8%
der Stationen verwendet, wobei die durchschnittliche Wartezeit auf das
Ergebnis 12 Stunden betrug. 18,7% der Befragten begannen bei COVID-
19-Patienten mit einer Antibiotikaprophylaxe.

Schlussfolgerung: Wir konnten eine hohe Versorgungsvarianz in Hinblick
auf essentielle Versorgungsstrategien von COVID-19 Patienten auf
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deutschen Intensivstationen feststellen. Hierzu zahlten Unterschiede
im Bereich der Infektionsprophylaxe, personlicher Schutzausristung
und der Indikationsstellung einer prophylaktischen Antibiotikatherapie.
Auf Basis unserer Ergebnisse empfehlen wir weitere Untersuchungen
zur Quantifizierung und Verbesserung der Leitlinienadharenz.

Schliisselworter: COVID-19, PSA, Antibiotikaprophylaxe, Variants of

concern, Kohortenisolation

Introduction

The SARS-CoV-2 pandemic has brought unprecedented
challenges to medical care. This is particularly evident in
the complex treatment of intensive care patients. In addi-
tion, due to the high number of patients during the pan-
demic disease waves in recent months, increased orga-
nizational complexity and limited capacity have put the
German hospitals and health care workers (HCW) under
pressure [1], [2], [3]. Various experts and organizations,
including the Robert Koch Institute (RKI), recommend
accommodating patients with infectious diseases in a
single room with an airlock and a private bathroom [4],
[5]. Implementing these requirements appears difficult
due to the high number of cases and the insufficient
number of isolation wards and single rooms in German
hospitals [6]. Another major challenge lies in the timely
identification of SARS-CoV-2 positive, and thus potentially
infectious, patients. Polymerase chain reaction testing is
considered the gold standard in this regard, but is asso-
ciated with a non-negligible waiting period until results
are available [7].

Especially at the beginning of the pandemic, there was
a pronounced lack of personal protective equipment,
both internationally and nationally [8], [9], [10], [11].
Numerous recommendations for protection against infec-
tion among medical personnel have since been published
[4],[12], [13]. The de-isolation of patients also represents
an important aspect in the care for patients with COVID-
19 [14], [15]. Although SARS-CoV-2 RNA is detectable for
up to 12 weeks after recovery [16], [17], infectivity is by
no means self-evident. For patients with mild to moderate
courses, no replicable virus was detected after 10 days
[18], [19], [20], [21]. Furthermore, no transmission be-
yond 6 days after disease onset was documented during
contact tracing [22]. In contrast, replicable virus has been
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isolated in severe cases for up to 20 days [23] and even
beyond in severely immunosuppressed patients [24],
[25], [26], [27], [28]. As a consequence, depending on
the course of the disease and history of the patient, an
individual strategy must be applied.

Based on a national survey, we report the current practice
regarding isolation, testing and de-isolation of patients
with SARS-CoV-2 infection in German ICUs. We highlight
different aspects regarding current research results, e.g.,
the so-called VoC (variants of concern) and their increas-
ing global and national spread.

Methods

The data presented stems from a mixed method online
survey conducted between December 3 and 31, 2020
during the 2™ wave of the COVID-19 pandemic in Ger-
many. The survey was prepared within the framework
and with the expertise of CEOsys, a German research
network on COVID-19 [29]. Data related to general COVID-
19-related intensive care and staffing are published
elsewhere. The invitation to the underlying survey was
sent by email to all members of the German Interdiscip-
linary Association for Intensive Care Medicine (DIVI) email
distribution list and was addressed to leading intensive-
care specialists. A total of 205 ICUs involved in the
treatment of COVID-19 patients participated.

Survey format

The format of the entire survey included 36 to 44 multiple
choice, multiple select, and free text questions, depending
on the answers given (adaptive questioning), with 3to 5
questions per page. The survey focused primarily on
current practice in the treatment of COVID-19 patients in
German intensive care units. The detailed questions, in-
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Table 1: Results of the online survey with absolute numbers and in percent. The time taken to obtain the results of the PCR

test is shown as the mean value (MV) in minutes.

Questions n n (%) or MV
What measures are performed to an unchanged extent (also despite isolation | 137

measures) in COVID-19 patients in the curative setting in the intensive care

unit for symptom control (dyspnea, anxiety, delirium) in your ICU? (*)

Mobilization 133 (97.1)
Physical therapy 128 (93.4)
Counseling 56 (40.9)
Relative visits 27 (19.7)
Communication via video and online communication 83 (60.6)
Psychological care 38 (27.7)
In case of visiting restrictions: Contact with relatives via video telephone 71 (561.8)
Possibility for relatives to say goodbye 99 (72.3)
Other 7 (3.6)
What measures are performed to an unchanged extent (also despite isolation | 137

measures) in COVID-19 patients in the palliative setting in the intensive care

unit for symptom control (dyspnea, anxiety, delirium) in your ICU? (*)

Mobilization 70 (51.1)
Physical therapy 78 (56.9)
Counseling 86 (62.8)
Relative visits 90 (65.7)
Communication via video and online communication 62 (45.3)
Psychological Care 48 (35.0)
In case of visiting restrictions: Contact with relatives via video telephony 59 (43.1)
Possibility for relatives to say goodbye 116 (84.7)
Other 6 (4.8)
What personal protection measures do you implement when dealing with | 137

COVID-19 patients? (*)

Permanent wearing of FFP3 mask (FFP as standard MFM) 26 (19.0)
Wearing an FFP3 mask exclusively for high-risk activities, otherwise FFP2 as MFM 105 (76.6)
Permanent wearing of protective goggles / shields 100 (73.0)
Wearing safety goggles/shields during high-risk activities 56 (40.9)
Permanent wearing of a protective gown 114 (83.2)
Wearing a protective gown exclusively for high-risk activities 18 (13.1)
Wearing a full body overall category Il instead of a protective gown 13 (9.5)
Advanced measures for airway manipulation 111 (81.0)
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(Continued)

Table 1: Results of the online survey with absolute numbers and in percent. The time taken to obtain the results of the PCR

test is shown as the mean value (MV) in minutes.

SARS-CoV-2 in your clinic? (Result in hours)

Questions n n (%) or MV
What are your approaches to detecting possible SARS-CoV-2 infection | 135

immediately after unplanned admission to your ICU? (*)

Temperature measurement 96 (71.1)
Questionnaires (German RKI criteria) 62 (45.9)
PCR testing 128 (94.8)
SARS-CoV-2 antigen rapid test 85 (63.0)
Testing only during the course of the stay in case of symptoms 5(3.7)
Computed tomography 55 (40.7)
Chest x-ray 34 (25.2)
What diagnostic measures are regularly performed in your ICU to lift isolation | 135

measures for COVID-19 patients?

Computed tomography 17 (12.6)
Regular x-rays of the chest 20 (14.8)
Bronchoscopy 22 (16.3)
Bronchoscopy with biopsy 1(0.7)
SARS-CoV-2-PCR testing 132 (97.8)
SARS-CoV-2-Serology 24 (17.8)
Rapid antigen tests 15 (11.1)
Other 4(3.0)
How long does it take to receive the result of a PCR test for urgent suspected | 132 12.14
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cluding results on personal protective equipment, testing,
and hygiene, can be found in Table 1.

Data safety and ethics

Participation in the survey was completely voluntary and
anonymous. For this reason, non-participation did not
lead to disadvantages. No rewards or money were offered.
The participants had the option of providing their email
address in order to cooperate in later research projects.
The email address cannot be linked to the data collected
afterwards

Results

We received responses from 244/1,340 (~18%) ICUs
registered in the national DIVI registry. Of these 244 ICUs,
205 units treated COVID-19 patients, whose data were
included in this study. 66.3% of all participants answered
all questions. This required an average of 9:07 minutes
(mean value). 135 ICUs responded to questions about
infection control, PPE, prophylactic usage of antibiotics
and de-isolation practices. This resulted in a completion
rate of 65.8%. The detailed results of the study are shown
in Table 1, Figure 1, and Figure 2.

Time to result of SARS-CoV-2 PCR
50

40

30

20

0

Hours

Figure 2: Average time an ICU has to wait for the COVID-19
PCR test result.

Isolation measures

20.4% of the participating German ICUs treated COVID-
19 patients in a separate ICU or in a separate area of an
ICU. 22.6% of the ICUs can accommodate patients in
single rooms with airlock. 10.9% used cohort isolation
without an airlock (see Figure 1).

Prophylactic antibiotic administration

18.7% of responding ICUs regularly performed antibiotic
prophylaxis in COVID-19 patients. 4.3% claimed to always
use prophylactic antibiotics, while 42.4% did not indicate
prophylactic antibiotics at all (see Figure 1).

Personal protective equipment

FFP2 were worn as standard masks in 83.2% of ICUs.
81.0% used additional isolation measures such as
videolaryngoscopy and intubation drape frames [30]. At
the time of the survey, a full-body suit was worn in only
9.5% of the units.

PCR/isolation measures

PCR testing was used as the gold standard by 94.8% of
ICUs to identify possible SARS-CoV-2 cases. Only 3.7% of
ICUs exclusively tested symptomatic patients. PCR testing
was also used to discontinue isolation measures in 97.8%
of facilities. Radiologic testing or rapid antigen testing
was used only to a small extent.

Restriction of measures on patients

More than 90% of the patients received physiotherapy
and mobilization measures. Visits by relatives took place
in 19.7% of ICUs. However, when comfort care was initial-
ized, relatives were allowed to visit in 65.7% of cases and
in 84.7% during the immediate end-of-life care. Psycholo-
gical support was available in 35.0% of ICUs.

Discussion

Isolation measures

Cohort isolation is common practice in many hospitals.
Especially for well-studied infectious diseases, it seems
to be safe for patients with the same pathogens to be
isolated and cared for together, if architecturally neces-
sary [31], [32]. This brings organizational advantages
and cost savings, while mitigating negative psychological
consequences of isolation for patients with infectious
diseases. During the SARS-CoV-2 pandemic, many
hospitals also implemented or prepared for cohort isola-
tion for capacity reasons [33], [34]. Participants in our
survey reported isolating patients with or without the us-
age of an airlock in 32.1% of cases. Thus, the vast major-
ity of participating ICUs used some form of cohort isolation
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A) Prophylactic administration of antibiotics

Never

Only in exceptional cases -
Most of the time .

Always I

Ci Curative
Mobilization

Physiotherapy R
Possibility of farewell by relatives I
Online communication I
Pastoral care [N
Psychological support [N
Family visits I
0 25 50 75 100
percent

B) Isolation
Single isolation with airlock NN
Single isolation without airlock Il
Cohort isolation with airlock N
Cohort isolation without airlock I
Separate isolated ICU [N

Separate area inside of regular ICU N

Other |

Di Palliative Care
Mobilization

Physiotherapy [N
Possibility of farewell by relatives I

Online communication I

Pastoral care [N

Psychological support NN
Family visits [N
0 25 50 75 100
percent

Figure 1: Results of selected survey questions. (A) Management of prophylactic antibiotic administration. (B) Isolation measures
in COVID-19 patients. (C) Supportive measures offered to critically ill COVID-19 patients in a curative setting in an unchanged
extent. (D) Supportive measures offered to critically ill COVID-19 patients in a palliative setting in an unchanged extent.

(for example, stand-alone isolation units, cohort isolation
with or without an airlock or other measures). In light of
the increasing prevalence of VoCs, cohort isolation should
be discussed critically. For example, co-infection with
another variant would be conceivable. Furthermore,
bacterial superinfections occur, which may include drug-
resistant germs [35], [36]. In these cases, cohort isolation
is not sufficient; further infection control measures must
be taken or individual isolation must be applied, and co-
horting must be discontinued. Switching from one isola-
tion mode to another also requires additional staff. The
RKI recommends single rooms if there is risk of another
pathogen or superinfection [32]. In addition, it should be
noted that it is not always clear at the beginning which
variants are involved, and that further variants are likely
to occur as the pandemic progresses [37].

Prophylactic antibiotic administration

The results of the present study suggest an unclear indi-
cation for prophylactic antibiotic administration in patients
with SARS-CoV-2 infection. The current German level 3
guideline does not recommend prophylactic antibiotic
therapy in diagnosed SARS-CoV-2 infection [5]. In their
rationale, the guideline committee refers to a rapid review
by Rawson et al. [38], in which bacterial coinfections are
considered rare complications. However, it is clearly
stated there that the supporting evidence is insufficient
and should urgently be generated [38], [39]. This also
seems evident when considering that about one-fifth of
ICUs in our study regularly administer antibiotic prophy-
laxis to COVID-19 patients. Further studies are needed
to investigate the impact on the overall prognosis and
associated risks, as well as to implement a unified ap-
proach to prophylactic antibiotic administration based on
specific indication criteria.

Personal protective equipment

The benefit of PPE for healthcare workers in the manage-
ment of COVID-19 patients has been proven beyond doubt
[40], [41]. However, clinical implementation remains in-
consistent. There are many reasons for this. For example,
differences in standard operating procedures, different
prerequisites, and also differences in the availability of
PPE, at least during the beginning of the pandemic, come
into play. In our study, 19% of participants reported
wearing an FFP3 mask as the default face mask. The
majority reported using FFP3 masks only in the context
of high-risk activities (i.e., during aerosol-generating pro-
cedures). Similarly, the permanent wearing of protective
eyewear or shields was established in only 73% of the
participating ICUs. Only 81% of participating ICUs use
advanced measures when manipulating the airways
(these include videolaryngoscopy or the use of special
devices to reduce aerosol formation). This is remarkable,
as the recommendation to use videolaryngoscopy was
made early in the course of the pandemic and should by
now be considered a clinical standard in all participating
hospitals [5].

PCR/isolation measures

The determination of infection status with regard to SARS-
CoV-2 was possible in most German hospitals early during
the pandemic. However, some hospitals without an at-
tached laboratory still rely on collaboration with external
laboratories. For logistical reasons, timely access to a
valid result is not always possible, and varied from 1 hour
to 24 hours in our study (see Figure 2). This implies a
suboptimal utilization of isolation capacities, especially
with regard to the limited numbers of ICU beds, since de-
isolation may be delayed based on late laboratory results.
One option to remedy this could be the use of on-site PCR
devices that are able to produce rapid results. Although
these are associated with higher costs, it might be cost-

GMS

GMS Hygiene and Infection Control 2021, Vol. 16, ISSN 2196-5226

6/9



Dickel et al.: Infection control, prophylactic antibiotics, and testing ...

effective if measures such as de-isolation can be applied
sooner [15]. Testing by PCR to lift isolation is currently
the scientific consensus in severe cases, as is usually
the case in intensive care units. In the case of VoCs, the
RKI [15] also recommends additional testing for release
from isolation. In this case, this should be carried out
after 14 days. Hence, whether using on-site PCR testing
is indeed cost-effective still remains unknown, particularly
since quality management issues and validity of test
results need to be considered as well. Accredited in-hos-
pital laboratories are usually able to produce results faster
and often significantly cheaper than on-site solutions.
Furthermore, de-isolating of patients and the subsequent
reoccupation of ICU beds usually requires considerable
amounts of time. This could be further complicated by
organizational aspects, such as changing shifts and
staffing depending on the time of day (e.g., night or day
shift). Hence, a faster test result does not always translate
directly into faster de-isolation, since this is a multifaceted
process.

Restriction of measures on patients

Due to the strict isolation measures, parts of the usual
supportive therapy, such as spiritual counseling, psycho-
logical support and visits by relatives were partly unavail-
able to the critically ill in a curative setting. However, we
were able to show that especially in palliative situations,
attempts were made to provide psychosocial and spiritual
support to patients, e.g., by means of online communica-
tion. However, it should be reiterated that psychological
care was available in a maximum of 35% of ICUs. This
figure is alarmingly low, considering that the severe ill-
ness, stay in an ICU, and isolation measures represent a
heavy psychological burden [42], [43]. There should be
awareness of the importance of psychological care des-
pite the scarcity of resources.

Limitations

A frequent limitation of survey studies is the low response
rate and the resulting lack of representativeness. In the
present study, we assume that the response rate appears
artificially low. This is due to the fact that although 1,340
ICUs are included in the DIVI registry, not all of them ac-
tually treat COVID-19 patients. It should be noted that
although only some of the German ICUs were able to
participate in the study, a clear trend is discernible. We
would also like to point out that the questions in this study
cover a wide range, since they were asked as part of a
larger study. Many more questions arise and we do not
claim to provide a complete account of the issues in the
context of this study.

Conclusions

We were able to identify differences in the use of PPE,
antibiotic prophylaxis, and isolation measures. We showed

that, despite difficult circumstances, German ICUs try to
provide holistic treatment to their critically ill patients,
especially during palliative care. Implementation of the
recommendations for the treatment of patients with
COVID-19 is inconsistent. We consider the survey a good
opportunity to assess the extent to which the guidelines
are being followed. In cases of high deviation, the findings
should be examined in more detail. It is possible that the
evidence in these cases is inconclusive. Further surveys
should be conducted to track adherence to the guidelines
and highlight areas that need further evaluation.
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