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Summary

BACKGROUND: The principality of Liechtenstein had its
first COVID-19 case at the beginning of March 2020. After
exponential growth, the pandemic’s first wave was con-
tained, with the last case being diagnosed 52 days after
the initial occurrence.

AIM: To characterise the COVID-19 pandemic in Liechten-
stein.

METHODS: All patients diagnosed in Liechtenstein were
followed up until recovery and again 6–8 weeks after
symptom onset. They were contacted every 2 days to
record their clinical status until the resolution of their symp-
toms. The diagnosis of COVID-19 was based on clinical
symptoms and molecular testing. Household and close
workplace contacts were included in the follow-up, which
also comprised antibody testing. In addition, public health
measures installed during the pandemic in Liechtenstein
are summarised.

RESULTS: During the first wave, 5% of the population ob-
tained a reverse transcriptase polymerase chain reaction
test. A total of 95 patients (median age 39 years) were
diagnosed with COVID-19 (82 who resided in Liechten-
stein), resulting in an incidence in Liechtenstein of 0.211%.
One patient, aged 94, died (mortality rate 1%). Only 62%
of patients could retrospectively identify a potential source
of infection. Testing the patients’ household and close
workplace contacts (n = 170) with antibody tests revealed
that 25% of those tested were additional COVID-19 cases,
a quarter of whom were asymptomatic. Those households
which adhered to strict isolation measures had a signif-
icantly lower rate of affected household members than
those who didn’t follow such measures. The national pub-
lic health measures never restricted free movement of res-

idents. Masks were only mandatory in healthcare settings.
The use of home working for the general workforce was
promoted. Gatherings were prohibited. Schools, universi-
ties, certain public spaces (like sports facilities and play-
grounds), childcare facilities, nonessential shops, restau-
rants and bars were closed. Social distancing, hygienic
measures, solidarity and supporting individuals who were
at risk were the main pillars of the public health cam-
paigns.

CONCLUSION: The close collaboration of all relevant
stakeholders allowed for the complete workup of all
COVID-19 patients nationwide. A multitude of factors
(e.g., young age of the patients, low-threshold access to
testing, close monitoring of cases, high alertness and ad-
herence to public health measures by the population) led
to the early containment of the first wave of the pandemic,
with a very low rate of serious outcomes. Antibody testing
for SARS-CoV-2 revealed a substantial proportion of un-
diagnosed COVID-19 cases among close contacts of the
patients.

Keywords: antibody, COVID-19, epidemiology, inci-
dence, nicotine, pandemic, public health, mortality, RT-
PCR

Introduction

SARS-CoV-2, the new coronavirus responsible for the
“coronavirus disease 2019” (COVID-19) pandemic, was
first reported in Wuhan, Hubei Province, China, in Decem-
ber 2019 [1]. SARS-CoV-2 causes COVID-19, an acute
respiratory distress syndrome with a great variety of pos-
sible symptoms. The most common symptoms include
coughing, fever, headache, fatigue, anosmia and ageusia
[2–4].
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After the initial outbreak in Wuhan could not be contained,
the virus quickly spread across the globe and was declared
a pandemic by the World Health Organization (WHO) on
11 March 2020.

In response to the pandemic, different recommendations
and measures to mitigate the spread of the disease were
implemented. The main aim was to decrease the number
of patients who required hospitalisation or intensive care.
These measures included the reinforcement of hygiene
(e.g., correctly washing one’s hands; using disinfectant;
not touching one’s eyes, nose or mouth; and maintaining
respiratory etiquette, such as covering one’s mouth and
nose with one’s elbow or a tissue when sneezing or cough-
ing) and a policy of physical (also called “social”) distanc-
ing [5, 6].

The WHO recommended that everyone maintain a distance
of at least one meter between themselves and the person
nearest to them when outside their home, while the Swiss
Federal Office of Public Health (FOPH) recommended a
distance of at least two meters between individuals [7].
Austria closed its borders on 13 March 2020, and thus trav-
el and crossing borders were restricted according to the
Schengen Agreement [8]. Gatherings of more than five
people were prohibited in Switzerland on 20 March 2020
[7]. The WHO and the FOPH also recommended stay-
ing away from crowded places, working from home if
possible and stopping all travel [9–11]. Individuals were
instructed to stay at home in self-isolation for at least
10 (FOPH) to 14 days (WHO) if they or a close contact
showed COVID-19-related symptoms such as a tempera-
ture over 38.0°C or coughing [12].

The principality of Liechtenstein is a double-landlocked
country between Austria and Switzerland. The country has
a surface area of 160 km2, and at the end of 2019 it was
home to 38,749 residents, resulting in a population density
of 242 residents per km2. The median age of the residents
is 42 years [13, 14]. The health system is characterised by
mandatory health insurance. There is one national hospi-
tal in Liechtenstein. However, residents also have access
to outpatient and/or hospital care in Switzerland and Aus-
tria. The country forms a customs union with the Swiss
Confederation in accordance with their customs treaty and
is subject to the Swiss Epidemics Act of 2012 [15]. One
of the measures by its neighbouring countries that affected
Liechtenstein was that Austria closed its borders to Liecht-
enstein, such that only people with proof of employment
in Liechtenstein were allowed to cross the border [16].
Liechtenstein and Switzerland have close diplomatic and
economic relations with each other and therefore have
open borders. During the pandemic, there was no change
in the border control between these two countries [17].

The course of the COVID-19 pandemic in Liechtenstein
was characterised by the early implementation of epidemi-
ologic measures, as well as a lack of major events promot-
ing the spread of the pandemic (such as carnivals or soccer
games). The epidemiological measures were adopted from
Switzerland and were relatively mild compared to those of
other European countries: the population was never put un-
der lockdown, it maintained the right to move freely, and
gatherings of up to five persons were allowed. Most impor-
tantly, the population adhered well to the measures recom-
mended by the government. Liechtenstein’s last document-

ed COVID-19 case during the first wave of the pandemic
was on 23 April 2020. Hence, it was one of the first coun-
tries to flatten the COVID-19 infection curve completely
during the first wave of the pandemic. On the day of the
submission of this manuscript for publication, after near-
ly 10 weeks without a confirmed case, another case of
COVID-19 was reported on 3 July 2020.

The aim of this study was to characterise the development
of the COVID-19 pandemic in Liechtenstein and to high-
light the containment strategies used in its initial phase.
Since it is suspected that many COVID-19 cases go unno-
ticed due to a lack of symptoms or the presence of only
mild symptoms, and are therefore not included in the dis-
ease statistics of public health agencies, it can be expected
that the actual number of cases among the general popula-
tion is higher [18]. We therefore investigated whether ad-
ditional cases could be detected. To do so, we included not
only the diagnosed COVID-19 patients but also their close
household and workplace contacts.

Methods

Study setting and study population
This is an observational study describing all the patients
who had a real-time polymerase chain reaction (RT-PCR)-
confirmed diagnosis of COVID-19 infection (RT-PCR-
confirmed patients = RCP) in the Principality of Liecht-
enstein during March and April 2020. Until 29 March
2020, the country’s health system centralised all suspected
COVID-19 cases for diagnosis and treatment at the nation-
al hospital (Landesspital Liechtenstein) [19]. Starting on
30 March 2020, suspected COVID-19 cases were referred
to either a drive-through testing facility or the national hos-
pital, depending on the severity of their symptoms [20].
Cases were meticulously monitored for their health status.
After the pandemic revealed no new cases in the country
for one week (i.e., from 30 April 2020), we invited the
country’s surviving COVID-19 patients for a follow-up
visit that included taking their medical history and blood
samples. These patients were questioned about their house-
hold contacts (individuals living in the same household or
relatives/friends they spent a substantial amount of time in
close proximity to around the time of symptom onset) and
close workplace contacts (individuals who spent at least 15
minutes in the same office as them in the two days prior
to symptom onset), and these contacts were asked to par-
ticipate (antibody testing and history taking) in the study.
When their blood samples were taken, these contacts were
also asked about COVID-19 symptoms using a standard-
ised questionnaire, and their vitals (blood pressure, SO2,
temperature) were recorded. The study protocol was veri-
fied by the Kantonale Ethikkommission Zürich (BASEC-
Number 2020-00676). The study participants (both pa-
tients and close contacts) gave written informed consent
for their participation in the study. The study is in accor-
dance with the Declaration of Helsinki, as revised in 2013,
and was funded with a grant from the Liechtenstein Min-
istry of Health.

Data collection and measurements
To identify COVID-19 patients with severe symptoms at
an early stage, the national hospital established a so-called
monitoring and early warning system, through which con-
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firmed COVID-19 patients were called periodically by
medical doctors. Patients were asked to come in for a
thorough clinical examination, as well as laboratory and
imaging investigations, if their condition worsened. Using
a standardised questionnaire, the patients’ baseline data
(date of birth, sex, country of residence), symptoms, risk
factors (pre-existing medical conditions, smoking status),
conventional contact-tracing information (i.e., asking pa-
tients about their contacts) and suspected mode of trans-
mission were recorded in a database. By contacting the pa-
tients on average every 48 hours over the course of at least
10 days and until 2 days after the complete resolution of
their symptoms, an extensive follow-up database was built.
From 2 March to 23 April 2020, 95 patients were includ-
ed in this database. Even though Liechtenstein instruct-
ed its inhabitants to visit the national hospital in the case
of a suspected COVID-19 infection, individuals were al-
so allowed to attend hospitals in the neighbouring coun-
tries of Switzerland and Austria. If such a hospital visit oc-
curred, then by law, institutions from both countries had
to report the cases of COVID-19 in patients residing in
Liechtenstein to the Liechtenstein Office of Public Health.
To ensure that the national hospital’s database was repre-
sentative of the country’s COVID-19 cases, the database
was crosschecked with the official national record of re-
ported COVID-19 cases. COVID-19 infection was con-
firmed by RT-PCR testing with a COBAS 6800 analyser
(Roche Diagnostics, Rotkreuz, Switzerland). This method
targets the E-Gene and the Orf1ab gene and has a lower
limit of detection of 25 copies/ml. At the time of follow-
up (at least three weeks after symptom onset or 23 April
2020 in asymptomatic individuals), the patients and their
household contacts underwent serological testing from ve-
nous blood samples using an electrochemiluminescence
immunoassay (ECLIA) run on a COBAS 6000 analyser
(Roche Diagnostics, Rotkreuz, Switzerland). Positive re-
sults were subsequently confirmed through CE-marked,
enzyme-linked immunoassays (ELISA; Euroimmune
SARS-CoV-2 IgG and IgA; Lucerne, Switzerland) run on
a DSX analyser (Dynex Technologies, Denkendorf, Ger-
many). In the case of capillary blood sampling (n = 5),
a validated, CE-marked, gold nanoparticle-based im-
munochromatographic test kit for the qualitative determi-
nation of COVID-19 IgM and IgG antibodies, which dis-
plays a high specificity for IgG, was used (Sugentech
SGTi-flex COVID-19 IgM/IgG, Disposan, Schlieren,
Switzerland). Furthermore, the patients and their house-
hold contacts were characterised with a metabolic and
haematological panel (alkaline phosphatase, total bilirubin,
alanine aminotransferase, aspartate aminotransferase,
gamma-glutamyltransferase, lactate dehydrogenase, crea-
tine kinase, lipase, creatinine, estimated glomerular fil-
tration rate, uric acid, albumin, protein, calcium, sodium,
potassium, phosphate, lipid panel, HbA1c, glucose, com-
plete blood count, C-reactive protein, thyroid stimulating
hormone, vitamin B12, folate and D-dimer) utilising stan-
dard, routine methods. All laboratory measurements were
performed in an ISO 17025-accredited medical laboratory
authorised by the Swiss Federal Office of Public Health.
We also screened the media releases of the Liechtenstein
government during February to June 2020 to systematical-
ly summarise the implemented COVID-19-related public
health measures.

Statistical methods
Continuous variables were given as medians and interquar-
tile ranges (IQRs), whereas proportions were given as per-
centages with 95% confidence intervals (CIs). Associa-
tions between variables were calculated with Spearman’s
rank correlation. Medians were compared with the Mann-
Whitney U-test or the Kruskal-Wallis test, followed by
Conover’s post hoc test. Proportions were compared using
a chi-square test. A p-value <0.05 was considered statis-
tically significant. Medcalc version 18.11.3 (Mariakerke,
Belgium) was used for statistical computations. Graphs
were drawn with Excel (Microsoft, Seattle, USA) and
Adobe Illustrator (Adobe Inc., Delaware, USA).

Results

Synopsis of political decisions and development of RT-
PCR-confirmed infections
The first case of COVID-19 confirmed by RT-PCR in
Liechtenstein was diagnosed on 2 March 2020. To stop
the spread of the pandemic, the government of Liecht-
enstein implemented the following political measures in
a stepwise manner: the establishment of a national task
force involving all stakeholders on 2 February 2020; the
establishment of a separate testing unit at the national hos-
pital on 3 March 2020; the prohibition of visits to patients
in the hospital or people in care facilities on 11 March
2020; the prohibition of social gatherings of more than five
people and the closing of schools and universities on 16
March 2020; and the closing of some public places (such
as public playgrounds and sports facilities), nonessential
shops (all shops except pharmacies and food stores) and
restaurants on 19 March 2020 [17, 21, 22]. Public transport
was reduced, with low occupancy of transport vehicles
[23]. There was never an official recommendation or re-
quirement to wear masks in public, and people could move
freely at all times, even though it was recommended that
they stay at home, follow hygienic measures such as hand
washing and hand disinfection, and practice social dis-
tancing whenever possible. Universal mask wearing was
mandatory in all healthcare institutions, whether or not
there was any patient contact. Healthcare workers were re-
quired to wear personal protective equipment (e.g., gloves,
gowns, eye-protection, FFP3 masks) when caring for sus-
pected or confirmed COVID-19 cases. Samples from sus-
pected COVID-19 cases for testing were primarily taken at
the Landesspital Liechtenstein (LLS). On 30 March 2020,
an additional drive-through testing facility in Vaduz was
established outside the hospital grounds [20]. Testing was
available to the residents of Liechtenstein and to anyone
working in Liechtenstein, regardless of their place of resi-
dence. The test criteria varied over time and were adapted
according to the official recommendations of the FOPH.
Initially, only people who had recently travelled to a high-
risk region or had been in contact with a confirmed
COVID-19 case and who showed specific symptoms (tem-
perature ≥38°C and/or signs of an upper airway infection)
were tested [12]. After the disease had spread across sev-
eral European countries, the test criteria were changed to
include people showing specific symptoms and meeting at
least one additional criterion, such as the need for hospi-
talisation, bilateral pneumonia of unknown origin in hospi-
talised patients, belonging to a high-risk group (e.g., those
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aged >65 years or with pre-existing conditions such as can-
cer, heart or lung disease) or being a healthcare worker
[24]. On 13 March 2020 it was decided to extend the
threshold for testing to anyone showing symptoms compat-
ible with COVID-19 infection. The cost of the RT-PCR test
was covered by mandatory insurance. However, depending
on individual insurance plans, some patients had to pay a
deductible. RCP were instructed to stay at home in self-iso-
lation for at least 10 days after symptom onset and until 2
days after the complete resolution of their symptoms [25].
Self-isolation measures recommended by the Liechtenstein
Office of Public Health included staying alone in a des-
ignated room in the home, even when consuming meals,
and, if possible, using a separate bathroom from the rest of
the household. Cutlery, towels and toiletries were not to be
shared and regular washing of clothes, towels and bedding
was recommended. A distance of at least two metres from
others had to be kept, and if the patients had to leave their
home for a doctor’s visit, wearing a mask was mandatory.
Patients who lived alone were asked to have food and med-
ications delivered to their doorstep by relatives, acquain-
tances or delivery services. Patients were instructed to in-
form their close contacts and these individuals also had to
quarantine for 10 days.

After exponential growth during the first 10 days after
the diagnosis of the second case on 10 March 2020, the
number of new RT-PCR-confirmed infections steadily de-
creased (fig. 1). The last recorded case occurred on 23
April 2020. A detailed overview of the public health mea-
sures is provided in figure 1. After several days with no
new infections, the government decided to relax the pre-
vention measures, starting on 27 April 2020 [26].

Special measures and risk-reduction plans had to be uni-
versally installed and implemented. In a first step, non-es-
sential shops such as hairdressers, massage and cosmetic
studios, and small markets were allowed to open. Busi-
nesses had to comply with regulations concerning hygienic

measures (e.g., masks were mandatory for employees at
hair salons). The hospital and medical practices were al-
lowed to perform elective procedures which had been post-
poned during the past months due to the pandemic [27]. On
11 May 2020, schools were opened for an in-person ori-
entation week. From 15 May 2020, religious services were
allowed to take place and restaurants and bars could open.
The maximum number of people at a table was restricted
to four and conventional tracking (taking of patrons’ con-
tact information) was established in most places. Business-
es from the leisure sector (e.g., museums, libraries, sports
centres and outdoor swimming pools) were also allowed to
open. Starting on 18 May 2020, all schools and day-care
centres were opened [28]. From 6 June 2020, public or pri-
vate gatherings of up to 300 people were allowed [29].

In-person lectures at the university were allowed from 8
June 2020 [28]. On 26 June 2020 the government decided
to revoke all previously implemented measures [30]. On
29 June 2020 the SwissCovid app, the first contact tracing
app available in Switzerland and Liechtenstein, was
launched, and the Liechtenstein government highly recom-
mended its use [31].

On the day of the submission of this manuscript, 3 July
2020, the first de novo COVID-19 case was reported fol-
lowing a period of 10 weeks without any new cases. Dur-
ing the first wave of the pandemic, the whole population
diligently adhered to public health measures, with only a
small number of minor breaches reported by the national
police [32].

Patient characteristics
A total of 95 RCP were seen at our institution, of which 82
resided in Liechtenstein. An additional 13 patients residing
outside of Liechtenstein were also diagnosed. A flowchart
for the inclusion of patients is shown in figure 2. The medi-
an age of these cases was 39 years, and gender was equal-
ly distributed. Seniors were rarely affected (14%, 95% CI

Figure 1: Timeline of PCR-confirmed COVID-19 cases in Liechtenstein with reference to public health measures taken during the first wave.
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8–22%); only four patients were in each of the age ranges
65 to 69 years of age, 70 to 79 years of age and 80 to 89
years of age. One 94-year-old patient died 14 days after
symptom onset. Of the 95 patients, the deceased and four
other patients were not available for follow-up laboratory
investigations.

Fourteen patients lived alone. The remaining 81 patients
lived with 127 individuals, of which 109 (86%, 95% CI
79–91%) consented to participate in the follow-up inves-
tigation. Determining the exact number of eligible close
workplace contacts was not possible, but 61 people con-
sented to participate in the follow-up investigation. Inter-
estingly, this follow-up investigation identified an addi-
tional 35 out of the 109 (32%, 95% CI 24–41%) household
contacts and 8 out of the 61 (13%, 95% CI 7–24%) close
workplace contacts as having been infected, as confirmed
by antibody testing.

The patient characteristics are given in table 1. Notably,
the median age of the RCP was relatively young. The in-
vestigation of the patients’ household contacts and close
workplace contacts with antibody testing identified, on av-
erage, one additional COVID-19 case that had not been de-
tected through the official testing guidelines that were in

place at the time for every two RCP (43 close contacts of
90 RCP [0.48, 95% Cl 0.38–0.58]). Whereas all the RCP
except one, a healthcare professional whose partner had
tested positive for COVID-19, showed clinical symptoms
of COVID-19 disease, 10 out of the 35 COVID-19 cas-
es discovered among the household contacts (29%, 95%
CI 16–45) and 1 out of the 8 COVID-19 cases discovered
within the close workplace contacts (13%, 95% CI 3–48%)
were asymptomatic. In total, approximately one-fourth
(11/43) of the household and close workplace contacts with
COVID-19 were asymptomatic.

Testing rates and incidence in Liechtenstein
We compared the testing rates in the four German-speak-
ing countries connected by the Alps in table 2 [34–37].
It can be seen that Liechtenstein’s testing rate was about
91% to 125% higher than those of the three other German-
speaking countries. The test positivity rate per population
was second to Switzerland, which had the highest inci-
dences in its non-German-speaking cantons.

With a total population of 38,749, the incidence of
COVID-19 as observed until 23 April 2020 in the residen-

Table 1: Patient characteristics. Columns depicting the patient characteristics for all RT-PCR confirmed patients (PCR+), all household contacts (Household), all work contacts
(Work), contacts with positive serology (Serology+ contacts), and all confirmed COVID-19 patients (PCR+ or serology+ contacts)

PCR+ Household Work Serology+ contacts PCR+ or serology+ con-
tacts

n total =
95

Median with
(IQR) n

or
percentage
with 95% CI

n total =
109

Median with
(IQR) n

or
percentage
with 95% CI

n Total =
61

Median with
(IQR) n

or
percentage
with 95% CI

n total =
43

Median with
(IQR) n

or
percentage
with 95% CI

n total =
138

Median with
(IQR) n

or
percentage
with 95% CI

Sex (female) 46 48% (39–59) 55 50% (41–60) 26 43% (34–55) 18 42% (28–57) 64 46% (38–55)

Age (years) 39 (28; 56) 38 (23; 52) 42 (30; 54) 36 (20; 52) 41 (25; 55)

Country of residence

– FL 82 86% (7–;92) 99 91% (84–95) 28 46% (34–58) 31 72% (57–83) 113 82% (74–87)

– CH 12 13% (7–21) 10 9% (5–17) 28 46% (34–58) 11 26% (15–40) 23 17% (11–24)

– A 1 1% (0.3–6) 0 0% (0–3) 5 8% (4–18) 1 2% (1–12) 2 1% (0.4–5)

Smoker 11 11% (7–20) 14 13% (8;21) 15 25% (16–37) 2 5% (1–15) 13 9% (6–15)

Preexisting conditions 23* 24% (17–34) 22† 20% (14–29) 9‡ 15% (8–25) 3§ 7% (3–19) 26¶ 19% (13–26)

Exposure

– Contact 38 40% (31–50) – – – – 40 93% (81–97) 78 57% (48–65)

– High risk area 21 22% (15–32) – – – – 3 7% (3–19) 24 17% (12–25)

– Unknown 36 38% (29–48) – – – – 0 0% (0–8) 36 26% (19–34)

Development

– Symptomatic
(anamnestic)

93 99% (94–99) 49 46% (37–56) 28 46% (34–58) 32 74% (60–85) 125 91% (85–94)

– Length of symptoms
(days)

14 (9; 17)
n = 91

8 (2; 8)
n = 28

10 (3; 14)
n = 23

8 (0; 11)
n = 22

13 (8; 17)
n = 113

– In contact with gen-
eral practitioner

27 28% (21–38) 0 0% (0–3) 1 2% (0.4–9) 1 2% (1–12) 28 20% (14–28)

– Emergency room
consultation

15 16% (10–25) 0 0% (0–3) 0 0% (0–6) 0 0% (0–8) 15 11% (7–17)

– Hospitalisation 13 14% (8–22) 0 0% (0–3) 1 2% (0.4–9) 1 2% (1–12) 15 11% (7–17)

– IMC or mechanical
ventilation

0 0% (0–4) 0 0% (0–3) 0 0% (0–6) 1 2% (1–12) 1 1% (0.2–4)

– Death 1 1% (0.3–6) 0 0% (0–3) 0 0% (0–6) 0 0% (0–8) 1 1% (0.2–4)

RT-PCR = real-time polymerase chain reaction; IQR = interquartile range; CI= confidence interval; FL= Fürstentum (Principality of) Liechtenstein; CH= Confederatio Helvetica
(Switzerland); A= Austria; IMC= intermediate care unit * Diabetes (n = 2), hypertension (n = 8), cardiovascular disease (n = 8), cerebrovascular disease (n = 2), airway disease
or pneumonia (n = 8), intestinal disease (n = 1), cancer (n = 3); 7 individuals had more than one preexisting condition. † Diabetes (n = 2), hypertension (n = 7), cardiovascular
disease (n = 7), cerebrovascular disease (n = 2), airway disease or pneumonia (n = 3), intestinal disease (n = 0), cancer (n = 1); 4 individuals had more than one preexisting
condition. ‡ Diabetes (n = 1), hypertension (n = 2), cardiovascular disease (n = 1), cerebrovascular disease (n = 0), airway disease or pneumonia (n = 3), intestinal disease (n =
0), cancer (n = 1); 1 individual had more than one preexisting condition. § Diabetes (n = 1), hypertension (n = 2), cardiovascular disease (n = 0), cerebrovascular disease (n = 0),
airway disease or pneumonia (n = 0), intestinal disease (n = 0), cancer (n = 0); no individual had more than one preexisting condition. ¶ Diabetes (n = 3), hypertension (n = 10),
cardiovascular disease (n = 8), cerebrovascular disease (n = 2), airway disease or pneumonia (n = 8), intestinal disease (n = 1), cancer (n = 3); 7 individuals had more than one
preexisting condition
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tial population of Liechtenstein (n = 82) was 211 cases per
100,000 population (0.211%). During this time, 2021 RT-
PCR tests were performed in 1921 patients. The one case
of death with COVID-19 gives a mortality rate of 2.58 per
100,000 population in the study period. Adjusting for the
additional 31 cases identified by antibody testing and resi-
dent in Liechtenstein leads to an incidence of 292 cases per
100,000 population (0.292%).

Clinical presentation and outcomes of COVID-19 cases
Thirteen of the 95 RCP required hospitalisation (14%, 95%
CI 8–22%). These 13 all needed supplemental oxygen,
but none required mechanical ventilation or intensive care
treatment. One patient, a multimorbid nursing home resi-
dent, died at age 94 fourteen days after her diagnosis with
COVID-19. This corresponds to a national mortality rate
of 1.1% (95% CI 0.3–5.7%) among the RCP and 0.7%
(95% CI 0.2–3.9%) among all cases. The other RCP all
completely recovered, and the average duration of symp-
toms was 14 days (IQR 9–17), with the 95th percentile
having symptoms lasting 28 days.

The RCP showed significantly higher frequencies of clin-
ical symptoms than the COVID-19 cases detected among
the household and close workplace contacts (all symptoms
are detailed in table 3; all had p<0.05 except throat pain,
p = 0.08; vomiting, p = 0.29; and malaise, p = 0.45). In
summary, the clinical presentation of the RCP was mild to
moderate, but more severe than that of the household and
close workplace contacts.

Routine clinical chemistry and haematological parameters
did not differ significantly between all COVID-19 cases
(RCP, household and workplace contact cases [n = 129;
four individuals had no values due to low sample volume
obtained in capillary blood sampling; five individuals had
no values due to non-availability for blood drawing for
non-serological laboratory testing]) and non-diseased close
contacts (n = 126, one individual without values due to low
sample volume obtained in capillary blood sampling).

The frequencies of pre-existing chronic disease (3/43, 7%,
95% CI 3–19 vs 28/127, 22%, 95% CI 16–30%; p = 0.02)
and nicotine consumption (2/43, 5%, 95% CI 1–15% vs
27/127, 22%, 95% CI 15-30%; p = 0.01) differed signifi-
cantly between those close contacts with (n = 43) and with-
out COVID-19 (n = 127). There were no significant dif-
ferences in age (36, IQR 20–52 vs 41, IQR 26–53 years;
p = 0.25) or gender (18/43, 42% female, 95% CI 28–57%
vs 63/127, 50% female, 95% CI 41–58; p = 0.37) between
the two groups. In summary, except for lower nicotine con-
sumption and fewer pre-existing chronic conditions, nei-
ther demographic (age, gender) nor laboratory variables
were associated with the occurrence of COVID-19 in close
contacts of COVID-19 patients.

Routes of infections and role of isolation measures in
household
Of the 95 RCP, 38 (40%, 95% CI 31–50%) knew they had
had contact with another confirmed COVID-19 case and a
further 21 (22%, 95% CI 15–32%) contracted the disease

Table 2: Testing rates in four German-speaking countries as of 26 April 2020 [34–37].

Country Population Tests Positive tests Tests per 1,000 inhabi-
tants

Positive test rate in the
population

Positive tests per to-
tal tests

Liechtenstein 38,749 2172 95 56.1 0.245% 4.4%

Switzerland 8,060,600 256,075 34,026 31.7 0.422% 13.4%

Germany 83,166,700 2,446,644 174,549 29.4 0.209% 7.1%

Austria 8,901,064 221,544 15,175 24.9 0.171% 6.9%

Table 3: Symptoms reported by RT-PCR- or antibody-positive cases. This table summarises the symptoms patients experienced during the course of their COVID-19 infections
as well as the initial presenting symptoms (symptoms experienced on the first day of symptomatic disease).

All reported symptoms Presenting symptoms

n total = 138 n Percentage with 95% CI n Percentage with 95% Cl

Cough 87 63% (55–70%) 53 38% (31–47%)

Fever 69 50% (42–58%) 49 36% (28–44%)

Dysgeusia 64 46% (38–55%) 10 7% (4–13%)

Headache 63 46% (38–54%) 39 28% (21–36%)

Fatigue 63 46% (38–54%) 25 18% (13–25%)

Anosmia 51 37% (29–45%) 9 7% (4–12%)

Rheumatic pains 46 33% (26–42%) 26 19% (13–26%)

Rhinitis 42 30% (23–39%) 16 12% (7–18%)

Sore throat 38 28% (21–36%) 25 18% (13–25%)

Chest pain 36 26% (19–34%) 3 2% (1–6%)

Weight loss 35 25% (19–33%) – –

Shivering 31 22% (16–30%) 18 13% (8–20%)

Dyspnoea 29 21% (15–29%) 4 3% (1–7%)

Diarrhoea 29 21% (15–29%) 14 10% (6–16%)

Generally feeling ill 29 21% (15–29%) 17 12% (8–19%)

Nausea 15 11% (7–17%) 3 2% (1–6%)

Vomiting 5 4% (2–8%) – –

Other symptoms 22* 16% (11–23%) 8† 6% (3–11%)

Asymptomatic 12 9% (5–15%) – –

CI = confidence interval; RT-PCR = real-time polymerase chain reaction * Burning eye sensation (n = 6), sensitive skin (n = 4), vertigo (n = 4), back pain (n = 2), depression (n =
1), otalgia (n = 1), head pressure (n = 1), nosebleed (n = 1), sinusitis (n = 1), skin rash (n = 1) † Burning eye sensation (n = 4), sensitive skin (n = 1), vertigo (n = 1), back pain (n
= 1), otalgia (n = 1)
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in a high-risk region (e.g., ski resorts in Tyrolia, North-
ern Italy). Notably, in 36 cases (38%, 95% CI 29–48%)
no source of infection could be identified. In the case of
the 94-year-old nursing home resident, three staff members
who had been in contact with this patient tested positive for
COVID-19, but no other nursing home residents or institu-
tionalised individuals were affected.

Household contacts were significantly more affected by in-
fection than close workplace contacts (35/106, 32%, 95%
CI 24–41% vs 8/61, 13%, 95% CI 7–24; p = 0.006). Only
seven out of the 35 infected household contacts (20%, 95%
CI 10–36%) had implemented isolation measures (e.g.,
physical distancing, hygienic measures) in response to the
affected COVID-19 index cases. This frequency was sig-
nificantly higher (55/74, 74%, 95% CI 63–83; p <0.001)
in household contacts who did not contract COVID-19.
In summary, no likely source for having contracted
COVID-19 could be identified for a substantial proportion
of the RCP. Furthermore, isolation measures in households
had a protective effect against the transfer of COVID-19 to
other household members.

Discussion

This analysis characterises the first wave of the COVID-19
pandemic and its successful containment within 52 days
after the occurrence of the first case in the Principality of
Liechtenstein. Relevant public health measures were al-
ready in place or about to be implemented when the second
case was diagnosed. Initially, these measures comprised

Figure 2: Flowchart of participant inclusion.* Estimated from the
headcount of the workforce residing outside Liechtenstein as per
31 December 2018, corrected for overall workforce growth of 2.6%
as per 31 December 2019. Data from the National Office of Statis-
tics Liechtenstein, Vaduz [13, 14].** As per 23 April 2020 [33]FL =
Fürstentum Liechtenstein, RT-PCR = real-time polymerase chain
reaction

mainly low-threshold access to testing and the close mon-
itoring of confirmed cases. Further measures were imple-
mented as the pandemic developed. The public health mea-
sures were mostly those of the Swiss Federal Office of
Public Health, with some modifications. These measures
can be considered relatively moderate, especially as there
were no restrictions regarding residents’ freedom of move-
ment outside of the home. This approach was in contrast
to the lockdowns seen in Italy, Spain and France, who had
much more restrictive regulations. The adherence of the
population to the public health measures was high, with
large civil movements and the Princely House of Liecht-
enstein supporting the work of the government and health
professionals, especially by raising awareness and caring
for high-risk groups. Masks were only required within
healthcare and care home settings, which was less restric-
tive than the mask requirements in, e.g., Austria. Visits
to healthcare facilities were prohibited, nonessential shops
and restaurants were closed, and gatherings and meetings
of more than five people were not allowed. We hypothesise
that the key factor behind the containment of the pandemic
in Liechtenstein was the high adherence of the population
to the recommended measures.

The incidence in Liechtenstein on 23 April 2020 was
0.211%, higher than that of the canton of Zurich and 14
other Swiss cantons [38]. Approximately 14% of Liecht-
enstein’s COVID-19 patients had to be hospitalised, which
is comparable to the respective number in Switzerland
(12%). With no patients needing intensive care and a mor-
tality rate of only 1% (compared to 4.4% in Switzerland),
the course and outcomes of COVID-19 in Liechtenstein
were very favourable. The major determinants of this
favourable outcome were probably that the median age of
the patients was 39 years and that seniors aged 65 and old-
er accounted for only 13 patients, just 5 of whom were
aged 80 years or older. On 23 April 2020, the median age
of the COVID-19 patients in Switzerland was 52, substan-
tially higher than that in Liechtenstein [38]. When look-
ing at the 2018 national census numbers for Switzerland
and for Liechtenstein, the median age of the general pop-
ulation for both countries is 42 years. Another possible
determinant of the favourable outcome could be that the
testing frequency in Liechtenstein was considerably higher
than in Switzerland (0.81 vs 0.53 tests per 1000 inhabitants
per day). Furthermore, although there was one COVID-19
case discovered in a nursing home, an epidemic spreading
through nursing homes was effectively prevented, as no
other nursing home residents were affected. Effective and
early measures taken in nursing homes (i.e., masks, in-
creased hygiene measures, prohibition of visits to nursing
home residents, targeted testing of staff members in con-
tact with the index patient) contributed to containing the
pandemic and preventing further serious outcomes in high-
risk individuals.

When investigating sources of COVID-19 infections, only
approximately 60% of the patients could retrospectively
provide a potential source. These investigations were per-
formed conventionally by asking the patients and/or their
relatives. The fact that 40% of the patients did not know
by which route they had contracted the disease illustrates
the insufficiency of the conventional tracking of infections.
The first tracking app to replace conventional case tracking
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became available in Switzerland and Liechtenstein on 29
June 2020, much later than the end of the first wave [39]. It
can be expected that electronic aids will be much more ac-
curate than conventional case tracking, and the present da-
ta would support the widespread use of, e.g., tracking apps
on smartphones [40, 41].

Serological antibody testing of household and close work-
place contacts increased the number of identified
COVID-19 cases by almost 50%. These cases were over-
looked because the patients often did not fully develop
clinical symptoms and therefore did not present themselves
at testing sites. A quarter of the affected close contacts re-
mained asymptomatic, a rate almost identical to that re-
ported by Buitrago-Garcia et al. [42] During the course of
the pandemic, the criteria for patients to undergo RT-PCR
testing changed. Our data indicate that testing close con-
tacts by RT-PCR in the appropriate time window and addi-
tional serology tests could be important procedures for the
identification of COVID-19 cases, regardless of the pres-
ence of clinical symptoms [43–45]. Looking at the bio-
chemical and haematological laboratory parameters, our
study unfortunately did not provide any insights into what
would protect individuals from contracting COVID-19
[46].

Thirty-two percent of the examined household contacts
were infected with SARS-CoV-2, as opposed to 13% of the
close workplace contacts. These numbers are comparable
to those in a study done in Switzerland [47]. We believe
that there are three reasons for this difference. First, indi-
viduals spend more time at home than at work, especial-
ly during times of widespread home office use, which was
frequently the case during the COVID-19 pandemic. Sec-
ond, individuals probably spend more time with and have
more intimate relationships with their household members
than with their workplace colleagues. Finally, employers
had to implement safety measures guaranteeing social dis-
tancing and hygiene at work. Even though such measures
were also proposed for private households, adherence in
households is expected to be lower than in workplaces.

The household contacts without COVID-19 had a signif-
icantly higher frequency of implementing isolation mea-
sures in response to the RCP than those with COVID-19.
This finding suggests that the isolation of COVID-19 pa-
tients from other household members within their homes is
an effective preventive measure. When informed about the
positive result of their RT-PCR test, patients were instruct-
ed to isolate themselves within their homes [32, 46]. How-
ever, it is the personal perception of the authors that the im-
portance of these measures could be emphasised more in
future information campaigns for the general public. Indi-
vidual factors like the availability of separate rooms in an
apartment for diseased cases should be assessed and taken
into account when planning the implementation of effec-
tive isolation measures in homes. Since household contacts
are an important source of new COVID-19 infections, the
public health agenda should focus on explaining to both
COVID-19 patients and the general population how to ef-
fectively implement preventive measures at home. Helping
COVID-19 patients and their relatives to implement such
measures is expected to decrease the transmission of the
disease in households.

The present study has strengths and limitations. The pop-
ulation-based nature of the study is unique and represents
a strength. As all cases in the country could be included
at the patient level, no sampling bias was introduced by
the selection of affected individuals. Another strength is
that the patients could be completely followed up with
clinical examinations, and 95% were available for follow-
up laboratory exams. The study has a relatively low ab-
solute case number, however, which results in large confi-
dence intervals for the different estimates of frequencies.
Furthermore, Liechtenstein’s population is predominantly
of Caucasian origin. The extrapolation of our findings to
other settings might therefore be limited. Furthermore, al-
though the country made the largest possible efforts to
identify all cases through contact tracing and antibody test-
ing, it is probable that not all COVID-19 cases of the first
wave were detected. The described incidence can therefore
be considered an underestimate. Another population-based
study, performed in June 2020 using randomly selected
residents and periodic surveillance testing in healthcare
workers, however, showed a very low incidence in both the
general population and in the healthcare workers, a popu-
lation at risk of contracting COVID-19 (data not shown).
The underestimation thus cannot be considered large. Nev-
ertheless, we provide evidence for current or potential im-
provements to public health measures (i.e., antibody test-
ing of household contacts, contact tracing, quarantining of
household contacts and installation of preventive measures
at work and at home). We therefore think that these limita-
tions do not invalidate our findings.

In conclusion, we can report that a close, rapid and dedi-
cated collaboration of all relevant stakeholders in a small
country allowed for the complete workup of all the
COVID-19 patients nationwide. A multitude of factors
(e.g., the young age of the affected patients, low-threshold
access to testing, the close monitoring of cases, high alert-
ness and the adherence of the population to public health
measures) led to the early containment of the pandemic,
with a very low rate of serious outcomes. Finally, our
work suggests that several measures can or potentially
could improve the containment of COVID-19. These mea-
sures include the laboratory testing of household contacts
to identify additional cases not presenting to healthcare
services, extensive contact tracing to improve the early
recognition of potentially high-risk situations for contract-
ing COVID-19, the isolation of COVID-19 patients within
their household and the installation of preventive measures
to reduce the spread of infection in both home and work-
place settings.
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