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BACKGROUND

The COVID-19 pandemic is placing considerable pressure on health services around the
world. In Norway, the incidence rate among the working-age population (20-69 years) for
the whole of 2020 was 1.11 %. In this study, we describe diagnosed infection among staffin
the health service, based on register data.

MATERIAL AND METHOD

From the emergency preparedness register, Beredt C19, we identified 382 332 persons
employed in selected occupational groups in the health service in week g of 2020, and
investigated incidence and testing activity for diagnosed SARS-CoV-2 according to
occupation, age, sex, country of birth, place of residence and place of work, for the whole of
2020.

RESULTS

The incidence in the health service for the entire period was 1.48 % (5673/382 332). Diagnosed
infection was highest among ambulance personnel and nursing home staff, with an
incidence 0f1.83 % (95/5203) and 1.86 % (1534/82 776), respectively. Doctors were tested most
frequently (1.45 tests per person), and the proportion of positive tests was highest among
cleaners (2.78 %) and ambulance personnel (1.57 %). Imported infection was highest for
dentists (14.3 %), psychologists (12.8 %) and doctors (10.8 %).

INTERPRETATION

There are variations in the incidence of diagnosed infections among employees in the
health service. Some of this can likely be viewed in connection with high testing activity,
imported infection, age and sex distribution, place of residence and country of birth, and
outbreaks in different health services. More research and data are needed to ascertain
whether occupational practice is associated with increased risk of SARS-CoV-2 infection.

The SARS-CoV-2 virus and COVID-19 disease have put a great strain on health services around
the world. The first confirmed case of SARS-CoV-2 in Norway was reported on 26 February
2020, and by the end of week 53, a total of 51 322 cases had been reported (1). In the working-
age population (20-69 years), the incidence was 1.11 % (38 454/3 452 287) in 2020 (2).

Employees in the health and care service (herein referred to as the health service) are vital
to the care of all patients and service users during the pandemic, both those with and
without COVID-19. Infection among employees can have major consequences both for their
own health and for the provision of necessary health services. When staff are self-isolating
or in quarantine, the capacity in the health service is compromised, individual workloads
increase and the risk of outbreaks grows. The disease can be transmitted through
occupational exposure, but non-work-related factors can also play a role, such as
transmission by close contacts in social settings or on foreign holidays. Socio-economic
aspects can also be a contributory factor.
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In a non-peer-reviewed study using data from the emergency preparedness register, Beredt
C19, Magnusson et al. found that in the early stages of the pandemic in Norway, a higher
proportion of doctors, nurses, dentists and physiotherapists were diagnosed with SARS-
CoV-2 compared to other occupational groups, but in the second period (July-December),
the risk was not higher in these occupational groups than for the general population (3). A
study conducted in Bergen found a low incidence rate among healthcare personnel, which
coincided with a low prevalence in the local community (4). However, the study also
implied a possible increased incidence among healthcare personnel with direct contact
with COVID-19 patients. The data in the study are limited and must be interpreted with
caution. Basso et al. studied the healthcare personnel caring for one symptomatic
COVID-19 patient and found that no one became infected when following the
recommended infection control measures (5).

International studies have described how the risk of health service staff being infected with
SARS-CoV-2 varies across the different settings (6). While some studies have found an
increased risk (7-11), other studies have not found any evidence of this, even where there is
close patient contact (12-17). International studies are not directly transferrable to the
situation in Norway due to Norway'’s relatively low infection rate, low hospital admission
rates, health service structure, infection control measures, and access to personal protective
equipment (PPE) (1).

The purpose of this register study is to describe confirmed cases of SARS-CoV-2 among
various occupational groups in the health service and across different parts of the health
service in Norway in 2020. This knowledge can be used when assessing the risk of
transmission to and within the health service. In this study, we have not been able to
determine whether health service employees tend to be infected in the workplace or
elsewhere.

Material and method

We used data from Beredt C19, in which several different data sources are collated into one
accessible database. We used four of the data sources - the National Population Register, the
Aa Register (register of employers and employees), MSIS (Norwegian Surveillance System
for Communicable Diseases) and the National Microbiology Laboratory Database. With the
exception of freelancers and the self-employed (e.g. some general practitioners, dentists,
physiotherapists and chiropractors), all employment is reported in the Aa Register. Under
the MSIS regulations, MSIS must be notified of confirmed cases of SARS-CoV-2. The National
Microbiology Laboratory Database is a new database where, inter alia, all SARS-CoV-2 test
results, including negative ones, are reported.

Using Beredt C19, we identified 750 892 employees that were registered with an industrial
classification (Standard Industrial Classification, SIC2007) that we defined as part of the
health service (Figure 1, Appendix 1). From these, we selected employees (n = 653 975) that
were registered with certain STYRK-98 codes (Norwegian Standard Classification of
Occupations), either because we assumed that they were healthcare personnel, or had a
background in healthcare, or had contact with patients in the health service. The quality of
detailed data in STYRK-98 is poor, and we therefore converted our selection to ISCO-08
codes using the conversion table in Appendix 2. The employees we excluded (n =96 917)
mainly consisted of administrative staff, managers, kitchen staffand other support staff.
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All work contracts with industrial classifications
in the health service
The Aa Register, 2020
n=750892

Other occupational codes
Excluding: 96 917

Work contracts with selected occupational codes
n=653975

More than one contract
per person

Excluding: 130 247 Excluding: 141221

Not employed in week 9 2020

Employed in health service in week 9 2020
n=382507

Incomplete data in National
Population Register

Excluding: 175

Final study population
n=382332

No. of employees registered with infection: 5 673

Figure 1 Flowchart for the study population

All employment contracts that were active in week 9 in 2020 are included, and each
employee is included only once. Where an employee was registered with more than one
occupation, we selected the occupation with the highest qualification requirement, as we
assumed that someone who is registered as both a healthcare assistant and a doctor, for
example, is likely to be working as a doctor. Where an employee held more than one
position in the same occupation, we selected one at random. After removing employees that
we were unable to find using a personal identification number or D-number (a unique
identification number provided to certain groups of non-residents in Norway) in the
National Population Register (n =175), the final study population totalled 382 332.

We looked at all polymerase chain reaction tests (PCR tests) in the National Microbiology
Laboratory Database and confirmed infections in MSIS in 2020. Each person may have been
tested several times. Individual data on testing activity before 1 April 2020 are incomplete in
the laboratory database.

We divided the study population into age categories (< 29 years, 30-39 years, 4049 years,
50-59 years and = 60 years), sex (male or female), country of birth (Norway, high-income
and low- and middle-income countries (World Bank definitions)), place of residence
(municipality with more than or fewer than 100 ooo inhabitants), and type of health service
(acute hospital, specialist health service, primary health service excluding nursing homes,
home care services, nursing homes and other health services). Dental services were
included in the primary health service.

For each of the categories above, we described the incidence (cumulative incidence as a
proportion) in two different periods (March-July and August-December). In addition, we
described the number of tests per person, the proportion of positive tests and the incidence
both including and excluding employees who were registered with an imported infection,
as these were unlikely to have been infected at work. We also drew up a timeline for the
incidence rate (new cases per week per 100 ooo people), the proportion tested per week and
the proportion whose test was positive. The proportion whose test was positive was
calculated by dividing the number of positive tests by the total number of employees tested
in the given period. Stata/SE 16.0 (College Station, Texas, USA) was used for all data
management and analysis.
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Beredt C19 was established under Section 2-4 of the Health Preparedness Act. The
Norwegian Institute of Public Health has conducted a data protection impact assessment of
the register. This study has been assessed and approved by the Regional Committee for
Medical and Health Research Ethics (case no. 2020/187735).

Results

The incidence among health service staff for the entire period was 1.48 % (5673/382 332) (Table
1). The incidence was highest in the second period, at 1.00 % (3813/382 332), and lowest in the
first period, at 0.49 % (1860382 332). With an incidence 0f1.83 % (95/5203), ambulance
personnel were the occupational group with the highest incidence, while psychologists had
the lowest: 0.80 % (39/4900). Among doctors and nurses, the incidence was 1.56 % (379/24
290) and 1.66 % (999/60 337), respectively.

Table 1

Number of persons and incidence of confirmed cases of SARS-CoV-2 in two periods in 2020
among employees in selected occupational groups in the health service in Norway 2020,

employed in week g

n  Year as aMarch-July August-
whole (%) December
(%) (%)
Total 382 332 1.48 0.49 1.00
Occupational groups
Ambulance personnel 5203 1.83 0.56 1.27
Cleaners 7 647 1.74 0.69 1.05
Registered nurses 60 337 1.66 0.69 0.97
Nursing associates 99 222 1.58 0.49 1.08
Doctors 24 290 1.56 0.64 0.92
Radiographers etc. 2971 1.51 0.74 0.77
Healthcare assistants 101703 1.50 0.35 1.15
Bioengineers 5258 1.39 0.38 1.01
Social educators 15993 1.29 0.41 0.88
Midwives 2 827 1.20 0.53 0.67
Dentists 2941 1.19 0.61 0.58
Specialist nurses 30146 1.08 0.45 0.63
Occupational therapists 2580 1.01 0.39 0.62
Physiotherapists 5709 0.95 0.37 0.58
Psychologists 4900 0.80 0.35 0.45
Other health workers 10 605 1.30 0.36 0.94
Age
<29 years 94 655 1.97 0.56 1.41
30-39 years 84 493 1.58 0.53 1.05
40-49 years 76 293 1.46 0.47 0.99
50-59 years 73338 1.27 0.47 0.80
260 years 53553 0.81 0.35 0.46
Sex
Female 310 946 1.38 0.45 0.93
Male 71386 1.96 0.65 1.30
Country of birth
Norway 295152 1.20 0.40 0.80
High-income country 26 213 1.49 0.51 0.98
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n  Year asa March- July August-
whole (%) December
(%) (%)
Low- and middle-income 43 095 3.72 116 2.56
countries
Data incomplete 17 872
Place of residence
<100 000 inhabitants' 273702 1.03 0.30 0.73
>100 000 inhabitants 108 630 2.62 0.96 1.66
Health service
Nursing home 82776 1.86 0.63 1.22
Acute hospital 72913 1.67 0.70 0.97
Home care service 62 673 1.33 0.33 1.00
Primary health service (excl. 24279 1.24 0.42 0.83
nursing homes)
Other specialist health service 34 634 116 0.44 0.72
Other health service 105 057 1.32 0.35 0.97

'Includes 6168 records without a known place of residence

The incidences were highest for the youngest group (1.97 %, 1860/94 655), men (1.96 %, 139671
386), persons born in low- and middle-income countries (3.72 %, 1605/43 095) and residents
of large municipalities (2.62 %, 2845/108 630) (Table 1). Among the different services, we
found the highest incidences among employees in acute hospitals (1.67 %, 121872 913) and in
nursing homes (1.86 %, 1536/82 776 ). Appendix 3 provides more comprehensive data
distributed by occupational group.

Doctors were tested most frequently, with 1.45 tests per person for the entire period (Table
2). Cleaners had the lowest testing rate (0.59 tests per person), and also the highest
proportion of positive tests (2.78 %). When we excluded employees who were registered
with an imported infection, the incidence for the period as a whole decreased from 1.56 % to
139 % for doctors, and from 1.19 % to 1.02 % for dentists (Table 2). The highest proportions of
imported infection were found among dentists (14.3 %), psychologists (12.8 %) and doctors
(10.8%).

Table 2

Testing activity, proportion of positive tests, incidence and incidence excluding imported
cases of SARS-CoV-2 among employees in selected occupational groups in the health service
in Norway 2020, employed in week g

Occupational group No. of Proportion of Incidence  Incidence Proportion of]

tests per positive tests (%) excluding cases

person (%) imported imported

cases (%)

(%)

Cleaners 0.59 2.78 1.74 1.66 4.5
Ambulance personnel 0.99 1.57 1.83 1.71 6.3
Healthcare assistants 0.94 1.52 1.50 1.43 4.9
Nursing associates 1.01 1.48 1.58 1.50 4.7
Radiographers etc. 1.15 1.23 1.51 1.48 2.2
Dentists 0.86 1.19 1.19 1.02 14.3
Other health workers 1.06 1.16 1.30 1.25 3.6
Registered nurses 1.34 1.15 1.66 1.55 6.2
Social educators 1.07 1.14 1.29 1.23 5.3
Bioengineers 117 110 1.39 1.37 1.4
Doctors 1.45 0.94 1.56 1.39 10.8
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Occupational group No. of Proportion of Incidence  Incidence Proportion of]
tests per positive tests (%) excluding cases
person (%) imported imported
cases (%)
(%)
Occupational 1.23 0.82 1.01 1.01 0.00
therapists
Midwives 1.31 0.81 1.20 1.10 8.8
Specialist nurses 1.21 0.78 1.08 1.00 8.0
Physiotherapists 1.22 0.67 0.95 0.89 5.6
Psychologists 1.38 0.47 0.80 0.69 12.8

We observed an infection peak in our study population in week 14 (incidence rate of

84.7 per 100 000) and in week 46 (105.4 per 100 000), and the rate was rising as we entered
2021 (Figure 2). In the first period, most staff testing was carried out in week 12 (3.3 %, 12
617/382332), and in the last period, most tests were performed in week 51 (5.7 %, 21793/382
332). The proportion of positive tests was highest in week 15, at 5.2 % (209/4022) (Figure 3).

Proportion tested, incomplete data

Proportion tested (%)

Proportion tested == Incidence rate == Incidence rate, incomplete data

Incidence rate per 100 000

120

6

100

80

60

40

20

Week in 2020

9 1 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53

Figure 2 Proportion of employees tested, and incidence rate per 100 000 from week 11 to week 53
among employees in selected occupational groups in the health service in Norway employed in week g

2020. The figure includes data up to and including 3 January 2021.

Proportion tested, incomplete data

Proportion tested (%)

Proportion tested = Proportion of == Proportion of positive tests,

positive tests

incomplete data

Proportion of positive tests (%)

6

6

Week in 2020

9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53

Figure 3 Proportion of employees tested, and proportion of positive tests from week 11 to week 53
among employees in selected occupational groups in the health service in Norway employed in week g

2020. The figure includes data up to and including 3 January 2021.

Discussion

In this register study, we found an incidence rate of 1.48 % for confirmed SARS-CoV-2 among
health service staff in Norway in 2020. The incidence varied between sex, age, country of
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birth and place of residence, but also between different occupational groups and within
different parts of the health service. As with the general population, the number of positive
cases among health service staff rose in the post-summer period, but a peak was also seen
for this group in the early stages of the pandemic.

Health service employees are a heterogeneous group with differing characteristics that can
impact on their level of non-work-related risk of being diagnosed with SARS-CoV-2. This can
include infection transmission from close contacts outside work, which has also been
shown to be a key factor in the incidence among healthcare personnel (8). The majority of
positive cases in Norway relate to people who were infected by household members, and
only about one-sixth are transmitted at work or university (1). Structural and social
inequalities have been shown to be associated with increased transmission rates and
severity of disease (18-20). The transmission rate and hospital admission rates are higher
among people born outside Norway (8, 21). In the early stages of the pandemic, the higher
proportions of infections that were imported among dentists, psychologists and doctors
may indicate that transmission has a positive correlation with socio-economic status and
mobility. The high incidence among the youngest age group and people born in low- and
middle-income countries suggests that transmission is more likely to take place outside the
workplace and should be compared with similar patterns in the rest of the population (1).

Possible work-related risks of infection may be associated with particular types of work,
such as patient-centred tasks that entail exposure to SARS-CoV-2, either from

COVID-19 patients or patients with an unknown infection status, or with other variations in
working practices in the different parts of the health service. Differences in physical
working conditions and opportunities for social distancing can impact on the work-related
risk, since it is known that those who are pre- and asymptomatic are contagious. Evidence
has been found of nosocomial transmission to and between employees during SARS-CoV-2
outbreaks in Norway (22-24). Access to PPE and training in correct use can also impact on
the risk level. Lack of PPE is associated with an increased risk of COVID-19 in healthcare
personnel (7). In Norway, shortfalls in local supplies of PPE were reported at the start of the
pandemic (25), but the national supply gradually reached an adequate level (26). Any
potential work-related risk is impacted by the community transmission risk.

Magnusson et al. found that the proportion of doctors, nurses, dentists and
physiotherapists with confirmed SARS-CoV-2 was higher than in other occupational groups
in the early stages of the pandemic, but no such disparity was found for the second period
(July-December) (3). During the first six weeks, approximately 2 % of the population in
Norway was tested for SARS-CoV-2 (approximately 120 000 tests), and 5% of these tests were
positive (27). Health service staff accounted for about a quarter of all tests during this period
(about 30 000), and about 3 % of these were positive (Figure 3). In order not to exceed the test
capacity, health service staff who have close contact with patients were prioritised for
testing early in the pandemic (28). This prioritisation may have contributed to more
confirmed infections for this group.

Our data show that doctors were tested more frequently than the other occupational
groups. Ambulance personnel, nursing associates, healthcare assistants and cleaners are
groups that were tested less. However, these groups have a relatively high proportion of
positive tests, which may imply higher undiagnosed infection among these groups. We
know that staff can transmit the infection to patients and residents. Escalating the testing
activity for these large occupational groups could potentially prevent infection
transmission in the health service. The high incidence among ambulance personnel is
concerning, as it appears to be high irrespective of various other characteristics. However, it
may also be coincidental, as the study population for this group is small.

We found a higher incidence of confirmed infections among staff in acute hospitals and
nursing homes than other parts of the health service. Infection rates among acute hospital
staff may be related to the fact that the majority of such hospitals are located in cities with
widespread community transmission. In nursing homes, the incidence should be
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considered in conjunction with the numerous major outbreaks of nosocomial transmission
to and between staff (23, 24), but also with the composition of occupational groups, age
distribution and socio-economic factors. We find higher confirmed infection among
cleaners and staff born in low- and middle-income countries. It has also been previously
reported that cleaners are an overrepresented group (8).

In this large register study, we have shown the prevalence of confirmed SARS-CoV-2 among
health service staffin Norway at an overarching level. The number of confirmed cases has
been relatively low in Norway, which in turn means incidences are low in many
occupational groups and must therefore be interpreted with caution. We have not
performed analyses that compare groups, and the data material in Beredt C19 is not suited
to further breakdowns by occupational groups or industrial classifications for examining
different specialties or departments that could be assumed to be particularly at risk of
infection. This study can thus not provide an answer to whether occupational practice is
associated with an increased risk of SARS-CoV-2 infection.

A weakness of our study is that data for testing activity before 1 April are incomplete and of a
relatively low quality, which means that we have underestimated the incidence and testing
rates in the first four weeks. The data sources in the study also have some weaknesses. For
example, the Aa Register does not include self-employed persons. If these had been
included, it may have changed the number of confirmed infections among staff in parts of
the primary health service, but we do not know in which direction. We included health
service employees even where this was not their main job, which may have been outside the
health service. This means that our population is somewhat larger than that used in other
statistics. We did not have data on income, and some of the employees may have been
inactive.

This study has shown that the incidence of confirmed infections differs among health
service staff. It is important to shed light on this in order to be able to evaluate infection
control measures and target efforts to prevent transmission in the health service. However,
more research is needed to establish whether, and to what extent, infection among staffis
linked to exposure from occupational practice in the health service in Norway.

MAIN FINDINGS

In 2020, the incidence of confirmed SARS-CoV-2 among health service staff in Norway was
1.48 %, varying from 0.80 % (psychologists) to 1.83 % (ambulance personnel).

The incidence among staff in nursing homes and acute hospitals was higher than in other
parts of the health service. Testing activity varied between the occupational groups; with
the highest proportion of positive tests among nursing associates, healthcare assistants,
ambulance personnel, and cleaners.

The proportion of imported infections was highest for dentists, psychologists, and doctors.
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