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Abstract
Background  In the initial phase of the SARS-CoV-2 pandemic, masking has been widely accepted in healthcare 
institutions to mitigate the risk of healthcare-associated infection. Evidence, however, is still scant and the role of 
masks in preventing healthcare-associated SARS-CoV-2 acquisition remains unclear. 
We investigated the association of variation in institutional mask policies with healthcare-associated SARS-CoV-2 
infections in acute care hospitals in Switzerland during the BA.4/5 2022 wave.

Methods  SARS-CoV-2 infections in hospitalized patients between June 1 and September 5, 2022, were obtained 
from the “Hospital-based surveillance of COVID-19 in Switzerland”-database and classified as healthcare- or 
community-associated based on time of disease onset. Institutions provided information regarding institutional 
masking policies for healthcare workers and other prevention policies. The percentage of healthcare-associated SARS-
CoV-2 infections was calculated per institution and per type of mask policy. The association of healthcare-associated 
SARS-CoV-2 infections with mask policies was tested using a negative binominal mixed-effect model.

Results  We included 2’980 SARS-CoV-2 infections from 13 institutions, 444 (15%) were classified as healthcare-
associated. Between June 20 and June 30, 2022, six (46%) institutions switched to a more stringent mask policy. The 
percentage of healthcare-associated infections subsequently declined in institutions with policy switch but not in 
the others. In particular, the switch from situative masking (standard precautions) to general masking of HCW in 
contact with patients was followed by a strong reduction of healthcare-associated infections (rate ratio 0.39, 95% CI 
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Background
The wearing of a medical mask has been shown to be 
associated with a decreased risk of acquiring severe acute 
respiratory syndrome coronavirus type 2 (SARS-CoV-2) 
infection (1). In the living guideline on infection preven-
tion and control of coronavirus disease (COVID-19), the 
World Health Organization (WHO) recommends all 
healthcare workers (HCW) to wear a well-fitting medi-
cal mask at all times within the health facility in areas 
of known or suspected community or cluster transmis-
sion (2). Inpatients are required to wear a medical mask 
if physical distancing of at least one metre cannot be 
maintained or when leaving their care area, provided 
there are no contraindications. The evidence base for 
this recommendation were five observational studies that 
found that implementing a universal masking policy in 
hospital systems was associated with a decreased risk of 
healthcare-acquired SARS-CoV-2 infection (3–7). It is 
acknowledged in the recommendation that these studies 
have limitations, mainly due to before-and-after design 
issues. Therefore, the certainty of evidence was consid-
ered “very low”. Nevertheless, as the literature provided 
only limited insight into associated detrimental effects, 
the WHO Guideline Development Group judged that the 
benefits of implementing universal mask use in health-
care facilities outweighed potential harms.

As a result of this recommendation, universal masking 
continues to be widely accepted in healthcare facilities 
worldwide, even with the emergence of the SARS-CoV-2 
Omicron variant and widespread population immunity 
resulting from previous SARS-CoV-2 infection and/or 
vaccination (8). More recent evidence on this topic is 
currently unavailable, and expert opinion points towards 
using a mask for protection of all patients from all respi-
ratory viral infections «when viral activity is elevated and 
for the most vulnerable patients year-round». However, 
these statements have been derived from mainly influ-
enza-focused investigations (9).

In Switzerland, the mandatory indoor mask-wearing 
regulation was lifted on April 1, 2022, across all settings, 
including healthcare facilities. Thereafter, hospital poli-
cies on mask use were based on cantonal requirements 
or recommendations of Swissnoso, the Swiss National 
Center for Infection Control, that were regularly updated 
according to the epidemiological situation (10). Hence, 
masking policies varied between hospitals ever since, 

including the period of increased community circulation 
of BA.4/5 in summer 2022.

This study explores to what extent variation in institu-
tional mask policy was associated with the occurrence of 
healthcare-associated SARS-CoV-2 infections in different 
institutions in Switzerland during the BA.4/5 2022 sum-
mer wave. We therefore analysed a national database that 
prospectively collected SARS-CoV-2 infections in hospi-
talized patients in large Swiss hospitals since 2020.

Methods
Patient-level data
Patient-level data was obtained from the COVID-19 
Hospital Based Surveillance System (CH-SUR) database, 
which captured the details of COVID-19 cases from 20 
large adult and pediatric hospitals in Switzerland. The 
study design and procedures of the CH-SUR study have 
been described previously (11). Data extraction and pro-
cessing for this study are detailed in the supplement. All 
laboratory confirmed COVID-19 episodes (including 
polymerase chain reaction tests and antigen tests) with 
hospitalization for > 24 hours reported to the database 
were included. The mandatory information on date of 
hospital entry, demographics and episode declaration 
(classification, date of symptom onset, date of COVID-19 
testing, laboratory result), as reported on the case report 
form, were used for our analysis.

Episodes were classified as either healthcare-associated 
(if symptom onset was > 5 days after admission date), 
or community-associated (earlier symptom onset). The 
time limit of 5 days was chosen to account for the incu-
bation time of the virus, in line with the national rec-
ommendations of Swissnoso for healthcare-associated 
COVID-19 at the time of database development (12). The 
classification was provided by the reporting institution 
and verified using the reported dates of hospital entry 
and symptom onset. Episodes classified as “unknown” 
or "acquired from another healthcare institution" by the 
reporting institution were treated as community-associ-
ated in our verification and analysis.

Institution-level data
All institutions participating in CH-SUR were invited 
to provide information about their infection prevention 
policies during the BA.4/5 wave, the time frame being set 
as 1 June to 31 August 2022, by means of a questionnaire. 

0.30–0.49). In contrast, when compared across hospitals, the percentage of health-care associated infections was not 
related to mask policies.

Conclusions  Our findings suggest switching to a more stringent mask policy may be beneficial during increases of 
healthcare-associated SARS-CoV-2 infections at an institutional level.

Keywords  Covid-19, Masking policies, Healthcare workers, Healthcare-associated infection, SARS-CoV-2
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Questions included the total number of inpatient admis-
sions and patient-days during this time period, mask 
policies (which could change over time), testing and 
screening policies and work policies for ill healthcare 
professionals; testing and screening policies as well as 
isolation precautions (including duration) for inpatients; 
and visitor restriction policies.

Mask policy – the main predictor variable – was classi-
fied as “standard precautions”, defined as wearing masks 
in contact with infected patients (policy 1); “mask in 
contact with patients”, defined as mandatory masking 
in contact with all patients regardless of diagnoses or 
symptoms (policy 2); “mask in contact with all contacts”, 
defined as mandatory masking in face-to-face contacts 
with all patients and also colleagues (policy 3) or “mask 
at all times”, indicating the policy where mask use was 
demanded regardless of activity or contact (policy 4). The 
term “mask” refers to at least a surgical mask. In most 
institutions, healthcare professionals could also opt for 
a respirator mask. If the mask policy changed during the 
time period considered, date(s) of switch were reported.

Inclusion and exclusion criteria
For this study, we extracted all episodes in patients hospi-
talized between June 1 and September 5, 2022, and with 
a derived infection date (five days before symptom onset) 
between June 1 and August 31, 2022. Episodes with con-
flicting classification, i.e. classified as community-asso-
ciated by the reporting institution but with documented 
disease onset > 5 days after admission or classified as 
healthcare-associated despite disease onset being docu-
mented within 5 days after admission, were excluded. 
Additionally, we excluded episodes whose incubation 
period could not be attributed to a mask policy, e.g. 

episodes with a derived infection date between June 1 
and June 5, 2022, in institutions that changed the mask 
policy during this time.

Outcome measures and statistical analysis
Data were summarized by calculating the percentage of 
healthcare-associated SARS-CoV-2 infections per insti-
tution and (for institutions with policy switch) per mask 
policy, as the number of healthcare-associated cases 
divided by the total number of cases with SARS-CoV-2 
infections in the same institution under the same mask 
policy. Attribution of SARS-CoV-2 episodes to a mask 
policy was based on derived infection date. If an institu-
tion switched back to its initial policy at the end of the 
time window (hospitals 1, 3 and 4, see Fig.  1), the two 
periods with identical mask policy were pooled. Percent-
ages are shown with 95% Wilson confidence intervals.

The percentage of healthcare-associated SARS-CoV-2 
infections was also calculated per institution for the 
entire time window to examine its association with the 
mean duration of stay per patient, a known risk factor for 
healthcare-associated SARS-CoV-2 (13). Because mean 
duration of stay (number of patient-days divided by num-
ber of admissions) was reported by institutions for the 
entire time window, this analysis only shows between-
hospital differences.

The association of mask policy with the relative fre-
quency of healthcare-associated SARS-CoV-2 infec-
tions (per institution and mask policy) was tested with 
a negative binominal mixed-effect model, including the 
number of healthcare-associated SARS-CoV-2 infec-
tions as outcome, the log-transformed number of com-
munity-acquired SARS-CoV-2 infections as offset (to 
standardize the outcome), mask policy as main predictor 

Fig. 1  Time periods with different mask policies per institution between June 1 and August 31, 2022
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and mean duration of patient stay as covariable. To 
account for intra-hospital clustering, the institutions 
were included as random effects. In a subgroup analy-
sis, the effect of switching from standard precautions 
to any policy including the masking of HCW in contact 
with patients was investigated. Only three hospitals per-
formed this type of switch in late June 2022. Therefore, 
the model included hospitals as fixed effect to account for 
all between-hospital differences, and the two policy types 
as predictor.

Information about possible confounders (testing and 
screening policy, isolation precautions policy, visitor 
regulations, vaccination status) was not included in sta-
tistical analyses because, a) there was not much variation 
among institutions, and because b) the sample size did 
not allow more variables to be considered.

All analyses were performed in R, Version 4.02 (R 
Foundation, Vienna, Austria) using the packages lme4 
and glmmTMB. Two-tailed tests were performed and 
p-values < 0.05 were considered statistically significant.

Results
Fourteen hospitals participated in the study and provided 
institution-level data. Patient-level data were obtained 
from CH-SUR for these 14 hospitals. The dataset com-
prised 4’023 records which met the inclusion criteria; 
115 reports were identified as duplicates belonging to 
the same episode, 316 were excluded due to symptom 
onset before June 6 (i.e. derived infection date outside 
the time window), 612 exclusions were made based on 
incomplete or inconsistent data. This also led to exclu-
sion of one institution. Therefore, 13 institutions ended 
up being included in the analysis. Among the remaining 
2’980 episodes, 444 (14.9%) were identified as healthcare-
associated SARS-CoV-2 infection (see web-only Supple-
mentary figure S1).

Six out of the 13 (46%) included institutions reported 
a switch to a more stringent policy between June 20 and 
June 30, 2022. Two institutions switched from policy 1 
(standard precautions) to policy 2 (during patient con-
tacts), two from policy 2 to policy 3, (with all contacts) 
and two switched from policy 1 or 2 to policy 4 (at all 
times). Three of these institutions made simultaneous 
changes to mask policy for visitors, requiring them to 
wear a mask when prior to that no restrictions were pres-
ent. An overview of policies is given in Fig. 1. Other pre-
cautionary policies are detailed in the Supplement.

Distribution of percentage of healthcare-associated 
infections between June 1 and August 31, 2022
The total number of SARS-CoV-2 infections increased 
until mid-June in the six institutions that switched to a 
more stringent mask policy, and until early July in the 
institutions without policy switch (Fig.  2). Subsequently 

the number of SARS-CoV-2 infections declined in both 
groups of institutions.

In institutions with policy switch, the percentage of 
healthcare-associated SARS-CoV-2 infections sharply 
increased before the switch, followed by a sharp and 
continuing decrease after the switch. Conversely, in 
institutions without policy switch, the percentage of 
healthcare-associated SARS-CoV-2 fluctuated with a 
slightly increasing trend until mid August (Fig. 2).

Percentage of healthcare-associated infections
Across institutions, there was a wide variation in the 
percentage of healthcare-associated SARS-CoV-2 infec-
tions. This variation was related to the mean duration of 
patient stay: hospitals with longer stays reported higher 
percentages of healthcare-associated SARS-CoV-2 infec-
tions (Fig. 3). Furthermore, statistical modelling revealed 
a statistically significant association of healthcare-associ-
ated infection rates with mask policies after adjusting for 
mean duration of patient stay (Table  1): compared with 
standard precautions, all other mask policies were associ-
ated with a reduced rate of healthcare-associated infec-
tions (rate ratios; RR < 1).

For institutions with policy switch, Fig. 4 shows that in 
4/6 (66%) institutions the percentage of healthcare-asso-
ciated SARS-CoV-2 infection decreased with change to a 
more stringent mask policy. All hospitals switching from 
policy 1 to a policy requiring at least general masking 
with patients reported much lower percentages of health-
care-associated SARS-CoV-2 infection after the policy 
change (RR 0.39, 95% CI 0.30 to 0.49). Conversely, among 
institutions without change in mask policy, there was no 
clear association between percentage of healthcare-asso-
ciated SARS-CoV-2 infection and mask policy (Fig. 4).

Discussion
In the present investigation, we analysed data for health-
care-associated SARS-CoV-2 infection during the BA.4/5 
wave in summer 2022 in dependence of mask and other 
policies in 13 Swiss hospitals. We could demonstrate the 
tendency for a decline in healthcare-associated SARS-
CoV-2 infections with more stringent mask policies when 
the percentage of healthcare-associated infection rose. 
This has been found to correlate with the level of com-
munity transmission, which is reflected in our results 
given the setting of the BA.4/5 wave (14). Although no 
clear association could be found for the mask policies 
themselves in the inter-institutional comparison, an 
intra-institutional switch was associated with a reduc-
tion in healthcare-associated SARS-CoV-2 infections. In 
institutions without a policy switch, the distribution of 
healthcare-associated infections percentages was simi-
lar to community-acquired infections that mirrored the 
epidemiological curve of the BA.4/5 wave in Switzerland. 
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Fig. 3  Percentage of healthcare-associated SARS-CoV-2 infections in relation to mean duration of patient stay. Each circle represents one hospital, circle 
size is proportional to hospital size (total number of patient-days from June to August 2022); hospital 11 is not included due to missing data on duration 
of patient stay

 

Fig. 2  Weekly percentage of health-care associated infections (rich colors) and overall SARS-CoV-2 infection number per week (transparent colors), 
separately for institutions with and without mask policy switch. The red bar indicates the time period during which six institutions switched to a more 
stringent mask policy
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The course of percentages of healthcare-associated infec-
tions in these showed a much slighter increase and even 
periods of decrease. The factors contributing to this 
development should be investigated further, but cannot 
be answered by the data at hand.

We further observed that for other prevention mea-
sure policies regarding visitors, HCWs and patients 
such as repeated testing, social distancing or isolation 
precautions the majority of institutions were in concor-
dance, with some taking to a more cautious approach. 
Also, in contrast to mask policies, only few switches were 
observed regarding other policies.

Overall, our findings suggest that a switch to a more 
stringent mask policy in acute care institutions is 

associated with a reduction of healthcare-associated 
acquisition of SARS-CoV-2. The association of stringent 
mask policies with prevention of healthcare-associated 
transmission has been demonstrated for SARS-CoV-2 
(15, 16), as well as other respiratory viral diseases, includ-
ing RSV (17, 18), SARS (19, 20) and influenza (21). For 
the latter, a strict mask policy for staff on wards with at 
least three cases led to a 50% reduction in healthcare-
associated influenza cases over three consecutive influ-
enza seasons. The acquisition of viral respiratory disease 
by HCW has been shown to be reduced after introducing 
the use of masks, not only for SARS-CoV-2 (22–24) but 
also for Middle East Respiratory Syndrome-Coronavirus 
(25) and influenza (26). Due to missing data, we could 
not evaluate the latter relation in the current study.

However, considering the small number of hospitals 
included in this analysis and given the varying percent-
ages of healthcare-associated infections overall, the 
association observed should be interpreted with cau-
tion. Since a change in mask policy is most commonly 
part of an intervention bundle, the correlation may not 
be attributable to mask use exclusively. Implementa-
tion of infection prevention bundles may also be a pre-
cautionary reaction to a rise in community transmission 
levels before this translates to an increase of healthcare-
associated infections or result from intra-institutional 
outbreaks. Other factors such as testing and screening 

Table 1  Negative binomial mixed-effects model evaluating 
the association of mask policies with the rate of healthcare-
associated SARS-CoV-2 infections (number of healthcare-
associated infections relative to number of community-acquired 
infections) both among and within institutions
Effect in model RR (95% CI) p-value
Mask with patients vs. standard 0.56 (0.32–0.96) 0.035
Mask during all contacts vs. standard 0.73 (0.21–2.53) 0.615
Mask indoors at all times vs. standard 0.40 (0.31–0.52) < 0.001
Mean duration of patient stay (per day) 2.28 (1.58–3.27) < 0.001
Overall test for differences among mask 
policies

< 0.01

RR: Rate ratio; p-values: Wald tests.

Fig. 4  Percentage of healthcare-associated infections by hospital and mask policy, with 95% Wilson CI). Institutions are grouped by the policies switched 
to. If there were no healthcare-associated infections, a coloured dot indicates the mask policy
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policies for patients and HCW, isolation precautions 
and visitor regulations, room occupancies, vaccination 
status of both HCW and patients or institutional cus-
tom regarding working with confirmed SARS-CoV-2 
infections have not been taken into account but must be 
expected to also influence the rate of healthcare-associ-
ated SARS-CoV-2 infections (27–30). Finally, the change 
in policy creates awareness by influencing the daily rou-
tine of HCW, which may also contribute to the associa-
tion found.

Limitations
Our study has several limitations. First, these data are 
from a limited number of institutions in a single coun-
try during the 2022 SARS-CoV-2 Omicron Summer 
wave. They cannot necessarily be generalized to other 
geographical regions, other viral variants and other epi-
demiological and seasonal circumstances. Second, due to 
sample size limitations, we were not able to include other 
policy measures or vaccination status in our statistical 
models and other factors, such as regional differences 
in community transmission levels may influence the fre-
quency of healthcare-associated SARS-CoV-2 infections 
but could not be taken into account. Third, the reasons 
for a policy switch were not documented and may also 
reflect precaution in light of rising community trans-
mission levels or be the reaction to intra-institutional 
outbreak situations which may confound the results. 
However, we would expect this to result in a more con-
servative estimate of healthcare-associated SARS-CoV-2 
infections’ percentages and the consistency of our 
approach ensures the internal validity of our results.

Conclusion
Our findings support the use of masks in the prevention 
of healthcare-associated SARS-CoV-2 infection and a 
switch to a more stringent policy may be beneficial, espe-
cially when the rate of healthcare-associated infections 
increases.
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